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EPIDEMIOLOGIC DATA
“Title: Identification of Fluorochemicals in Human Sera. 1. American Red Cross Adult Blood

Dons
TEST SUBSTANCE
dentin: PFOA and 6 athe Tuorohemicals
Remarks: This is. inal repr, The preliminary report wasdatedJune 25, 2001.
METHOD
Study desig: Crosssional
ManufacturingPracesing Use: NA
Viypothess tested: To determin levels ofPFOA i he serum of America Red
Crow load aks in 6 regions of he US.
Study period: 2000
Setting: NIA
ota population: Serum pooled fom 6 ARC blod bank in various geographic regions inthe
US: Los Angeles, CA; Minneapolis/St. Paul, MN; Charlotte, NC; Boston, MA; Portland, OR,

nd Haroun, MD.
Subject selection criteria: Unknown
otal ofsublet in sud: 645 donor, age 20-6 years

Comparisonpopulation: NA
Participation rate: N/A
Subject description: The only demographic fctors known wer ge, gender and

alt effects studied Levels of7 Maorochemicals in human blood su, including
Eeencas wes: PEGS. PFOSAA, M570 M356. OSA. PFS.
Date callconmethods: Esch bod bank wes requested o 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 (sce report for more details)

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

Description/delineation of exposure groups/eategories: 332 male donors, 313 female donors.
There were 10 or 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 fewer.

Measuredorestimated exposure: N/A

Exposure levels: N/A

Statistical methods:
A reliability assessment was done. Geomefric means, 95% confidence intervals ofthe geometric
means. range, interquartile range, raw cumulative 90° percentile, and frequency distributions,
were calculated. Central tendency and distributionofthe data by age, gender, and location were
presented. Bootstrap analysis was done to calculate mean serum PFOS values for each 6
locations 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 seometric 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 lot of 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 (+= 9) for PFOA.

PFOA did not meetthecriteriafor a log-normal distribution based on theShapiro-Wilk test.
This lack of log normality may be due to the greater percentageof subjects with values less than
the LLOQ (1.92).

“The scometric mean of PFOAofal subjects was 4.6 ppb (95% C1,4.3 - 4.8). The range was
1.9. 52.3 ppb. Arithmetic means were not provided. Males had higher geometric means than
females [49 ppb (95% C1, 4.6 —5.3). 4.2 ppb (95% C1, 3.9- 4.5), respectively]. Age was not an
important predictor of adult serum fluorochemical concentrations.
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“The geometric mean data were calculated under the assumption that for individual serum
fuorochemical values < LLOQ, the mipoint between zero and the LLOQ was assigned. There
were quite @ few subjects with PFOA LLOQ (<2.1 ppb). Ifthese values were assumed to be
10% or 90%ofthis range between zero and the LLOQ the respective rangeofgeometric means.
became 4.004.8 ppb. These valueswere not substantially different than those calculated using
the midpoint between zero and the <LLOG; 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
(SLLOQ (1.9) ~ 20); Boston, 54 ppb (1.5 - 13.9); Hagerstown, 4.2 ppb (LLOQ (2.1) - 52.3).
The cumulative 90% were highst 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 cach 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
PEHS (= 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 cannot be considered representativeofthe
‘general populationof the US.

Research sponsors: 3M Medical Department, Corporate Occupational Medicine

Consistency of results: Geometric mean PFOA levels reported in this study are similar to those
reported in other samples ofelderly in Seattle and children in various locations.

CONCLUSIONS
NA

REFERENCE

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

Last updated on: 4/15/02
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EPIDEMIOLOGIC DATA

Title: Identification of Fluorochemicals in Human Sera. Ill. Pediatric Participants in 2 Group A
Streptococci 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
sample ofchildren to provide a more specific understandingof the distributionofthese
compounds in children.

Study period: Child sera samples were collected 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 from a large clinical trial on Group A
streptococcal infections in children. The children were residentsof23 states in the US. These
children presented with signs and symptoms of acute-onset pharyngitis. Allof the children had
positive throat cultures at the inital 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/delineationofexposure groups/categories: 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, ranges, 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 acometric mean data were calculated under the assumption that for individual serum
fuorochemical values < LLOQ the midpoint between zero and the LLOQ was assigned.
However, PFOA had a lotof subjects with LLOQs.

Other methodological information: N/A

RESULTS

Describe results:

The geometric mean of PFOA for all of the participants was 4.9 ppb (95% C1, 4.7 — 5.1). The
range was <LLOQ (1.9) to 56.1 ppb. Male children had significantly (p<.01) higher geometric
mean PFOA levels 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 as a continuous variable in simple regression models.

“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 (<1.9 ppb). Ifthese values were assumed to be
10% or 90% ofthis range between zero and the LLOQ the respective rangeofgeometric means
became 4.3 t04.9 ppb. These values were not substantially different than those calculated using
the midpoint between 7ero and the <LLOQ; therefore, the midpoint between z¢ro and the
<LLOQ was used.
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PFOS and PFOA were highly correlated (r = 70). PFOA and PFHS were also correlated (r =
48). Adjusted for age, gender, and their interaction, PFOA remained a significantpredictor of
PFOS in a multivariable regression modelofPFOS (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)ofanyof the age
groups. Age4 was the next highestgroup (range, 2.0 ~ 56.1 ppb; 90% value, 10.1 ppb).

Study strengths and weaknesses: These data are cross-scational data used to determine PFOA
Tevels 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 collected on PFOS serum levels in
children.

CONCLUSIONS
NA

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

OTHER

Last updated on: 5/07/02
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EPIDEMIOLOGIC DATA

Title: Identificationof Fluorochemicals in Human Sera. 11. Elderly Participants of the 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 concentrationsofselected fluorochemicals in a
sample ofelderly persons to provide a more specific understandingof the distribution of these
compounds in this age group.

Study period: 9129/2000

Setting: N/A

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

Subject selection criteria: Donors were 65-96 years old. Subjects were identified during an
enrollment phaseofthis community-based prospective cohort study of dementia and normal
aging conducted collaboratively between the U.ofWashington and Group Health Cooperative
(HMO). Eligible individuals were those with no known history of neuropsychiatric disease or
dementia.

Total #of subjects in study: 238

Comparison population: N/A

Participation rate: NIA

‘Subject description: 238 adults--1 18 males, 120 females. The mean age was 76 years. 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: NIA

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

Measuredorestimated exposure: NIA

Exposure levels: N/A

Statistical methods: Arithmetic means, ranges, 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.

Other methodological information: N/A

RESULTS

Describe results:
The reliability analysis indicated moderately strong correlation for th split samples with PFOA
=

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

PFOA was not log normally distributed based on the Shapiro-Wilk test. The authors postulate
hat this ackof normality may be du to the grater percentage ofsubjects with PFOA values <
LLOQ. The geometric mean of PFOAfor 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 of the 95% tolerance limit for PEOA was 9.7 ppb with un 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 little descriptive information about the subjects is available. The subjects
only characterize PFOA levels in the Seattle 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, Burrs, JM, Lundberg,JK, Hansen, KJ, Mandel, JI, Zobel, LR. February 25, 2002.
Identificationoffluorochemvicals 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 The sex-related difference in perfluorooctanoate excretion in the rat

TEST SUBSTANCE

Identity: Perfluorooctanoic acid (PFOA); also referred to as {1-**C/Perfluorooctanoie acid (ammonium
salt, APFO)

Remarks: Purity was not specified

METHOD

Methodguideline followed: Guideline not noted

Test type: Mammalian Excretion

Speciesistrainfcell type or ine: Holtzman rats

Sex: Male and female

Age and body weight range of animals used: Not noted

‘Number of animals/sex/doses Test group: 4 males,§ females
‘Control groups 7 females.

Routeof administration: Oral gavage

Vehicle: Distilled water

Doses: 2 mgof nonionic fluorine a APFO in a volume of2 mL

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

Statistical methods used: See methods.

Method remarks: Animals were placed in individual metabolic cages and sacrificed by cardiac puncture
24 hours after gavage treatment with APFO. The blood was allowed to clot and the serum collected after
centrifugation. The volumeofthe urine collections, including the volumeof water used to rinse the
Inctabolic cages was recorded. The ionic fluoride contentof the serum and urine was determined at pH
510. The total fluorine content of the serum and urine was determined by the oxygen-bomb reverse
extraction technique.
For clearance studies of APFO and inulin the rats were anesthetized and the femoral vein was cannulated
for continuous infusion of $% mannitol in isotonic saline and the femoral artery was cannulated for
drawing blood samples. The urinary bladderwas also cannulated to obtain sial collections of urine.
Intravenous dosesofAPFO and inulin were givento cach animal and. followinga 45-min equilibration
period. blood and urine samples were collected. When collections were completed, probenecid was
‘administered and additional clearance tests were performed to test the cffectsofprobencid on the organic
acid transport system.
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{nthe cumulative excretion study, the ras were prepared as described for he clearance (sts except that
ihe arterial cannulation was not neded. The rats were dosed iv with a mixture ofradiolabeled APFO and
unlabeled APFO.
RESULTS

Detailed results:

24 Hours after administration ofthe dos, female rats excreted76 + 2.7 percent ofthe doseofnonionic
Tuorine (as APFO) in urine and hada mean serum nonionic fluorine level of 0.35 ppm.

In males, 92.4 3.5 percentofthe osc of nonionic fluorine (as APFO) was excreted. A level of 44.0
117 ppm nonionicfluorine was in the serum.

APFO was bound toa similar extent n the plasma ofmale and female rats (97.5% bound).

In females, APFO was markedly reduced by probenecid (from5.8 10 0.11ml/min 100 g), indicating that
cimination occurs by an active sceretory mechanism, which i inhibited by probenceid

“The APFOnuli clesrance ratio was 14.5 fo female rats. The aio was decreased 0 046 in females
afer probenceid. The APFOinulin clearance ratio was 0.22 fo mas, and decreased 0.0.12 afler
probenceid.

CONCLUSIONS
“he authors concluded that the high APFO/inulin clearance ratio in females provided evidence that APFO.
is excreted i part by an active secretion mechanism. The decreas i the APFOinulin clearance ato in
Tomales from 14.5 10.0.4 afc the administrationofprobenecid supports this conclusion. The lover
'APFO than inulin clearances in both sexes fer administrationof probenecid indicated partial tubular
absorptionofAPFO in both sexes. This secretory mechanism is lacking or inactive in males and
accounts for the greater oxictyof APFOin male ats.

Hanhijarvi, H. R. Ophaug, and L. Singer. 1982. The sex-related difference in perfluorooctanoate
excretion ih he ra. Proceedingsof the Society or Experimental Biology and Medicines 171:50-55.
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PHARMACOKINETIC STUDY

Title: Elimination and ToxicityofPerfluorooctanoic Acid During Subchronic Administration in the
Wistar Rat

TEST SUBSTANCE

Identity: Perfluorooctanic acid (PFOA)

Remarks: Purity was not specificd

METHOD

Method/guideline followed: No specific guideline was listed

Test type: 28-Day subchronic toxicityandelimination study

‘Speciesistrainfcell typeor ine: Wistar rat

Sex: Female and male

Age and body weight range of animals used: Newlyweaned

Numberofanimals/sex/dose: 6animals/scx/dose:

Routeof administration: Oral gavage

Vehicle: 0.9% NaCl solution

Doses: 0,3, 10,30 mgkgiday

Excretion routes, body fluids, and tissues monitored and/or sampled during study: During the study
period. theanimals were weighed once a week and 24 hour urine was collceted on study days 7 and 28.
The behavior and feed and water consumption were observed regularly. At the endofthe study period.
blood and tissue samples were collected from control and 30 mekg rats.

Statistical methods used: Student’ t-test, Pearson product moment correlation and Fisher's exact test
were the principal statistical procedures uséd for the evaluation of the findings

Method remarks: PFOA treatment occurred over 28 consecutive days. The administered volumeofthe
saline solutions was always 0.5 ml/|00g animal weight. PFOA concentrationsinblood and urine samples
were analyzed bygas chromatography.

RESULTS

Detailed results from Day 7: On the seventh day of the study period, the mean urinary excretion of
PFOA (me/24 hrsfkg) was lower than the daily dose in all three groups of males. A statistically
Significant difference from the daly dose was found in all three groupsofmale rats (P<0.05 and P<0.001.

teat. In the female animals, noneofthe thre groups excreted significantly less PFOA in the urine on
day 7 than they were administered. The mean urinary PFOA concentrationof the female rats in the lowest
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dose group was significantly higher (P<0.01) than that ofthe male animals. In the group receiving the
highest daily dose ofPFOA, the urinary PFOA concentration was significantlyhigher (P<0.05) in the
‘male animals; however, this can be explained by the significantlylower (P<0.05) mean urinary volume of
the male rats.

Detailed results from Day 28: By test day 28, the males seemed to have also reached the steady sate,
with the exception ofthe 10 mg/kg group which showed a significantly lower (P<0,05) excretion of
PFOA than the administered daily dose.
At ach dose level, the mean PFOA concentrations in the plasma ofthe male rats were significantly
higher than those ofthe female animals (P<0,001 for the two highest dose groups and P<0.01 for the
Towest dose group).
A detailed statistical analysisoforgan weights did not reveal any differences. The weightsof th liver
relative to body weights of male rat showed a significant positive dose response (P<0.001, Pearson). A
possible explanation was the significant dose-related decrease in the bodyweights found in the males
(P<0.05, Pearson); however, the difference between the control males and the lowest-dose group was
more obvious than between anyofthe dosed groups (P<0.01. test).
Inthe high-dose group females, one or more mild inflammatory foci were observed in four livers, which
was not significantly different from control females with only one small chronic focus (Fisher's exact
test).

Metabolites measured: None

CONCLUSIONS

“The mean urinary excretion suggests that the average renal clearance of PFOA in the female ats is about
10 times higher than in the male animals. The sex-related difference in plasma PFOA concentrations are
best explained by active bular secretion in the female kidney. The steady state was achieved by 7 days
inthe female animals only. By the 28" day, both males and females excreted roughly the same amount of
PFOA in 24 hours as their daily dose.

REFERENCE

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

Titles A Proposed Species Difference in the Renal Excretion of Perfluorooctanoic Acid in the Beagle
Dog and Rat

TEST SUBSTANCE

Identity: Perfluorooctanoic Acid (PFOA)

Remarks: No information on supplier, lot number, or puityof substance tested was given.

METHOD

Methodguideline followed: NA

Test ype: Invivo

Speciesistrain/cell type or line: Beagle dogs

Sex: male/female

Age and body weight range of animals used: Not stated

Numberofanimals/sex/dose:
Group 1: 6.(3 males and 3 females) given 30 mg/kg PFOA with continuous infusion of 5% mannitol
Solution at 1.7 mimin. Probenecid was then administered at 30 mg/kg intravenously.
Group 2: 42 males and 2 females) given 30 mg/kg PFOA only and kept in metabolic cages.

Route of administration: Intravenous

Vehicle: Notstated

Doses: 30 mykg- see above (under Number ofanimals/sex/dose)

Excretion 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 Students t-test used to determine statistical significance of the
reduction of PFOA clearance in each dog before and after administration of probenceid.
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Method remarks:
Group 1: Dogs were anaesthetized with methoxyflurane. Catheters were fixed in both ureters after
laparototomy and eystotomy. Urine was collected at 10 min intervals for 60 min. (Dosing and other
‘methods described above.)
Group2: Dogs were kepl inmetabolic cagesaftr the injection. Hal-iveswere determinedforcach
animal separately.
PFOA concentrations were analyzed witha GLC-method.

RESULTS

Detailed results: Probenecid effectively and statistically 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): 202 and 305 hours

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

CONCLUSIONS

Becauseof the statistical significanceofthe 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 filsation rate of
PFOAis similar in both species. However, the active tubular secretion rate of PFOA in the rat and dog.
are quite different
FFERENCE

Hanhijarvi,H., M. Yiinen,T.Haaranen,andT. Nevalainen. 1988. Aproposedspeciesdifference in the
renal excretionofperfluorooctanoic acid in the beagle dog and rat In; Beynen, A.C. and HA. Solleveld
(Eds). NewDevelopmentsin Biosciences: Their ImplicationsforLaboratoryAnimalScience. Martinus
NijholTPublishers. Dordrecht, Netherlands.
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PHARMACOKINETIC STUDY

“Tile: Tissue Distribution, Metabolism, and Elimination ofPerfluorooctanoie Acid in Male and Female
Ras
TEST SUBSTANCE

Identity: [1"C]Perfluorooctancicacid (PFOA, 99% pure, specific activity 5.44 mCi/mmol)

Remarks: Synthesized and purified accordingto methods described previously

METHOD
Method guideline followed: NA

Test type: Invivo

Speciesstrain/cell type or ine: Sprague-Dawley ats

Sex: males and females

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

‘Number of animalsisex/dose: 4ofcach sx for issue distribution experiments:
32 males and 16 females for tissue limination experiments
Route ofadministration: inzaperioncal
Vehicle: Propylene glycolivater(1:1 vi)

Doses: 4 mgs

Excretion routes, body fluids, and issues monitored and/or sampled during study: urine, plasma,
iver, bie, feces (otis able 0 metabolize endogenous faty acids or were target tissues for PFOA
oicity)

Statistical methods used Not stated
Method remarks: none
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RESULTS

Males:

Tissue distribution- Percent dose onaper gram basis (from highest t lowes?) in monitored organs was:liver, plasma, Kidneys, heart estes, ft (epididymal fat pad), gastrocnemius muscle. The liver and plasma
were the primary tissucsofdistribution. [See Table 1 ofthe study for percentages by time after
administration.] The high concentration in liver was examined further in malesbyan in sitnonrecirculating liver perfusion technique 11%of the PFOA infused was extracted by the liver in asingle pass”

Elimination— Urine and feces were both major routesof elimination. Cumulative excretionof PFOA inurine and feces afer 28 days was 36.4% and 35.1% respectively. The apparenthal fe for whole-body
eliminationof PFOA was 15days (360 hours).

Halflives

Organ Hrs Days
Liver m2 13
Plasma 216 90

Kidney 256 94
Heart 296 104
Gastrocnemius 208 92
Fat 192 80
Testis 216 90
Blood 22 88

Females:

Tissue distribution Percent dose on a per gram basis (from highest to lowest) in monitored organs was:
plasma. kidneys, liver, ovaries. The liver, plasma, and Kidneys were the primary issues ofdistribution.
[See Table2ofthe study for percentages by time after administation.]

Elimination - Urinewas the major route ofelimination. Cumulative excretionof PFOA in urine aftr |
day was 91%, whereas the amount in feceswasnegligible. The apparent half-life for whole-body
eliminationof PFOA was < | day.

Halfives

Organ Hrs
Liver 38

Plasma 29
Kidney 32
Blood 3%

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

sex differen in urinary climinatonofPFOA was observed, esuling in difeent whole-bodyliminacon hal ives. However. there wasno apparent difirence in biliary excretion both mes andfemale limited Iss than 1% oth PFO dos by tis out. Second, ie rete persistence orPFOA in male rats was not duc 0 grat formationofPFOA pid conjugates Third, te parentcompound appears to be the only tse storage form of PFOA ibth sox a wel 4 the onlycompound excreted in rin and bie hecfor,adifeentalrte of metab formation byse was notresponsible for sex difrences. (The authors also discuss th unpublished resultsofVanden Heuvel eo1992. noting th possible ink betwen testosterone and hibition of PFOA. excretions
FERENCE

Vanden Heuvel, J.P. Kuslikis, B.1., Van Rafelghem, M.L. and Peterson, RE. 1991. Tissue disibution,metabolism. and climination ofperfluoroctanoic acid in male and ome rts. Biochem. Tiendyson
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PHARMACOKINETIC STUDY

Title: Renal Excretion of Perfluorooctanoic Acid in Male Rats: Inhibitory EffectofTestosterone
TESTSUBSTANCE

Identity: [CJ-Perfluorooctanoic acid (PFOA, 99% pure, specifi activity 5.44 mCimmol)

Remarks: Synthesized according to methods described previously

METHOD

Method/guidelinefollowed: NA

Test type: Invivo

Speciesistrain/cell type or line: Sprague-Dawley rats

Sex: males and females

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

Number ofanimals/sex/dose: 4/sex/dose

Route of administration: intraperitoncally (ip)

Vehicle: Propylene glycol/water(1:1 vv)

Doses: 4 m/ke (administered as [1"'CIPFOA one week after vehicle, 1 Tbeta-cstradiol,or testosterone.
implantation)

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

Statistical methods used: Differences between treatment groups were determined by one-way analysis
of variance (ANOVA). Duncan's test was performed to compare individual mean values when
ANOVA showed differences. (Levelofsignificance tested was p<0.05.)
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Method remarks: To test differences in climination of PFOA between males and females, ras werecastrated, ovariectomized, or sham operated; estrogen or testosterone was administered,
Estrogen (as | Tbeta-cstradiol) capsuleswere inserted subeutancously into castrated males (through anincision posterior o the scapulac).
Testosterone capsules were inserted subcutaneously in castrated males or ovariectomized females(through an incision made posterior to the scapulac).
Groupsofsham-operated males and females, castrated males, and ovariectomized females wereimplanted with ting onlyand served as control for the implantation procedure,
In castrated male rats, probenecid was administered (at 65 mg/kg ip.) 30minpriorto administration ofPFOA. 7 hoursafter PFOA administration,ras were anaesthetized with Nembutal (50 mg/ke ip).
RESULTS

Males:

Tissue PFOA Concentrations*
(% Dose “C-PFOAR)**

[TverTKidey Tham]

[castratedivehicle [0.112003 0.087003
[castrated 1Toeta-cstradiol |0.02 + 0.001 0.020.004 0.006+0.002

“Significant differences in iver, kidney, and plasma concentrations of PFOA were observed among.treatment groups (shany/vehicle,castrated vehicle, castrated!| Pheta-estradiol, castrated testosterone). Inliver and kidneys, PFOA concentration was highest in the shamvehicle group, and 2nd highest in thecastratedestosterone group. In plasma, PFOA was highest (and similar in concentration) in thesham/vehicle and castrated/testosterone groups. Plasma PFOA concentrations in castrated/vehicle andcastrated Toeta-estradiol groups were very low.
#* Source: Table 1,pg. 33

Urinary Elimipation
‘sham/vehicle
castrated/vehicle >1 time greater than

shamsehicle
castrated Tocta-cstradiol | = | time greater than

sham/vehicle
Castrtedtestosterone similar oshan vehicle

Fecal excretion: This was ess than urinary excretion, Regardlessofreatment group, the cumulativepercent of PFOA dose climinated in feces over 4 days was similar in shan/vehicle, castrated vehiclestrated Theta-estradiol groups. Excretion was higher in thecastratedtestosterone group.

Effectofadministering probenecid: This hadno effect on urinary PFOA elimination inshanvehicle, but reduced PFOA elimination incastrated groups. There were no differences inplasma concentrationsof PFOA amongtreatment groups afierprobenecid.
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Hyaline droplet formation (a testfor PFOA binding to male-specific protein alpha2u-globulin).Histopathologic analysis did not reveal formation of hyaline droplets in themale kidney.
Females: Tissue concentrations: No significant differences in liver, kidney, and plasma concentrationsoF PFOA were observed among treatment groups (sham/vehicle, ovaricctomized/vehicie,ovaricctomized/estosterone). Urinary elimination: No significant differences: all rats eliminated about70% of he PFOA dose in urinein4days. Fecal excretion: nosignificantdifferences;all excreted Jess.than 0.5%of the dose.

Metabolites measured: None

CONCLUSIONS

These results suggest that testosterone pretreatment inhibits eliminationofPFOA in the male. Also,probenecid reduced PFOA elimination incastrated male rat that had increased PFOA urinary excretion.Testosterone isa key determinantofthe sex difference in PFOA elimination i rat.
Remarks: none

REFERENCE

Vanden Heuvel, J.P, Davis, J.W., Sommers, R., and Peterson, RE. 1992. Renal excretion of
perfluorooctanoic acid in malerats: Inhibitoryeffectoftestosterone.J. Biochem. Toxicol. 7(1)31-36,
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PHARMACOKINETIC STUDY
“Tithe: Covalent Binding of Perfluorinated Fay Acids to Proteins in the Plasma, Liver, and Testes ofRais

TEST SUBSTANCE

Identity: [1-"*CJPerfluorooctanoic acid ([1-“CIPFOA)

Remarks: 99% pure, specific activity = $1.7 mCifmmol

METHOD

Methodiguideline followed: Not specificd

Test type: Invivo

‘Speciesistrain/eell type or line: RavHarlan Sprague-Dawley, obtained from Harlan Sprague-Dawley
(Indianapolis, IN)

Sex: Male

Age and body weight range of animals used: Six-wecks, 170-195 grams
Numberofanimals/sex/dose: Not specified

Routeof administration: Intraperitoneal (ip)

Vehicle: Propyleneglycol/water (1:1, viv: | mike)

Doses: 9.4 umole.

Excretion routes, body fluids, and tissues monitored and/or sampled during study: Liver, plasma,testes

‘Statistical methods used: Differences from control were determined by one-way analysisofvariance.“The least significant differences test was usedto compare individual means where analysisofvariance.indicated differences. The levelof significance for all analyses was P < 0.05.
Method remarks:

“Test animals and test substances
[1-"CJPerfluorooctanoic acid was synthesized and purifiedasdescribed by IL. Reich et al(1987). Hemoglobin (2 x crystallized, dialyzed and lyophilized), fatty acid free bovine serumalbumin, and all tissue culture media and supplements were obtained fromSigma ChemicalCompany (St. Louis, MO). Reagent grade solvents were obiained from Aldrich ChemicalCompany (Milwaukee, WI). Water purification was performed by passing distilled water througha four-bowl Milli-Q water purification system and a 0.25 Am filer (Millipore Corp, Milford,MA). Rats were individually housed in suspended stainless-steel cagesin a temperature-
controlled room (approximately 21°C), A 12-hour light and 12-hour dark photoperiod was‘maintained. Food (Purina Rat Chow No. S012, Ralston Purina Co, St. Louis, MO) and water were
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providedadlibitum throughout the study. An acclimation period ofa least -week was allowedbefore initiationofthe experiment.
‘Covalent bindingofPFOA to proteins in vivo

{1-C]Perfluorooctanoic acid ([1-“CIPFOA) was administered to rats in propylene glycoliwater(1:1, Iv 1 mike) ata doseof9.4 Amol ip. At designated times post-tratmen, ats were.anesthetized with Nembutal (50 mg, i.) issueswere quickly removed, freeze clamped, andstored at 70°C. Blood was remove ina lighly heparinized needle and plasma was separated bycentrifugation. Macromolecular binding was determined on tissue homogenates, whieh arebrought up to 10% TCA and put on ice for 10 minutes. To remove any unbound perfluorinaiedacid, samples were washed with 3 mLof methanol ther (31) 6 times and then 3 more timesusing 3 mLofchy acetate. Washing was continued, ifnecessary, until no additional PFOA-derived "C could be extracted from the protein. One milliliter of | N NaOH was added to theprotein precipitate and placed ina shaking water bath overnight at 37°C to solubilize the proteinprecipitate. The sample was then neutralized with | M acctic acid and | mL was usedfor liquidscintillation counting.while another aliquot was used forproteinanalysis. The protein analysiswas performed according (0 O.H. Lowry ct al (1951). PFOA-derived radioactivity in all sampleswas quantitated using a Packard Liquid Scintillation Analyzer with quench correction performedwitha Packard DPM 1-2-3 software program. Radioactivity in hydrolysates was determined inHionic-Fluor scintillation cockiail. Binding was expressed as pmol PFOA equiv/mg protein.
‘Covalent bindingofPFOA to hemoglobin and albumin in vitro

“C-labeled PFOA was added o tubes containing albumin or hemoglobin in 1.0 mLof phosphatebuffer to givea 2,4, 8, or 100 AM solution. Ifmethionine or cystine were present, they were.added in 1 mL of phosphate buffer 0 bring the reaction mixture up to 2 mL. All experimentswere done usinga final volume of buffer of2 mL. The time of incubation was | hour at 37°C.Protein was precipitated with 10% TCA. To remove any free unbound perfuorinated acid,samples were washed with 5 mL ofacetone 5 times. Samples were vortexed for | minute andpun at 2500revolutions minute for§ minutes afer each acetone wash step. The acetone wastransferred off. Protein samples were then washed with § mi.ofether2 additional times, Washingwas continuedif necessary until no additional PFOA (as determined by liquid scintillationcounting) could be extracted from the protein. The protein powder was hydrolyzed with | mL of1 N NaOH at 37°C in a shaking water bath overnight. Binding was expressed as pmol PFOA<auivimg of protein.
Selectionoftarget tissues for the analysis of PFOA-binding to proteins

“The liver, plasma, and tests were selected as arget tissues for the analysisof PFOA-binding toproteins because they are ither majortissuesofdistribution for PFOA in rats Iver and plasma)or they are target organs for perfluorinated acid toxicity (liver and tests).
RESULTS

Detailed results:
‘Covalent bindingofPFOA to target tissues in ats

The covalent binding data for PFOA for cach tissue (2 hour, 1 day,and 4 days afte treatment)were pooled because no time-dependent changes in he absolute and relative concentrations ofcovalently bound protein were observed. The tissue climination hal-ife for PFOA (average.tise 1 = 9 days) showed that there was le difference in tissue concentrationsofPFOA in therangeof 2 hours 10-4 days. In PFOA-trated rats, the absolute concentrationof covalently bound
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PFOA was significantly higher in the plasma than in the liver. OF the tissues examined, the testeshad the highest relative concentration of PFOA-derived radioactivity covalently bound to protein.Approximately 0.4%ofthe testes PFOA concentration was covalently bound. To determinewhich proteins were modified following in vivo administration of PFOA, tissues were.Homogenized and subjected to SDS-PAGE autoradiography with fluorography. Duc to the smallamountofcovalently bound "C found within these tissues, no radioactive proteinbands weredetected when 50 4 protein was separated on SDS-PAGE and the X-ray fii was exposed o thegel for up 10 2 months at 70°C.
Covalent bindingof PFOA to hemoglobin and albumin in vitroThe covalent bindingof PFOA to hemoglobin was diminished by the additionofcysteine with noeffctofmethionine in parallel incubations.

Metabolites measured: [1-'C)Perfluorooctanoic acid
CONCLUSIONS

Despite the metabolic incrtnessofthe perfluorinated faty acids, the results indicated that PFOAbinds to proteins in the plasm, liver, and testes inacovalent manner. Although PFOA-derivedradioactivity could be found covalently associated with protein following the organic extractions,the amountofradioactivity associated with any given protein was not cnough to be seenfollowing SDS-PAGE autoradiography. The in vitro covalent binding of PFOA was reducedfollowing the additionofcysteine to the incubation, but not the additionof methionine to theincubation. Thus, the abilityof cysteine to inhibit PFOA covalent binding of proteins suggestedthat protein sulfhydryl groups may be involved; sulfhydryl groupsmaybe the sitesof covalentattachment of PFOA.
REFERENCE
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PHARMACOKINETIC STUDY

Title: Cholestyramine-Enhanced Fecal EliminationofCarbon-14 in Rais after Administration ofAmmonium ['“CJPerfluorooctanoate or Potassium [‘ClPerfluorooctanesulfonate

TEST SUBSTANCE

Identity: Ammonium['“Clperfluorooctanoate (["CJ-APFO)

Remarks: (/*CJ-APFO: specific activity= 0.51 uClimg, radiochemical purity >98%
METHOD

Methodguideline followed: NA

Test type: in vivo

Species/strainfeell type or line: rat, Charles River CD.

Sex: male

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

Numberofanimals/sexidose: 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 trated with cholestyramine~ 13.5 mg/kg mean (control group)

Excretion routes, body fluids, and tissues monitored and/or sampled during study: Urine, feces.plasma, red blood cell, and liver were monitored and/or sampled during the study.

‘Statistical methods used: Data were expressed as means & standard deviations. The student's -est wasused to cvaluate significanceofdifference between two groups at a significance level ofp < 0.05.
Method remarks: Rats were housedi individual stainless-steel metabolism cages and fasted with free
acess 0 water for 24 hours prior 10 administrationofthe est substance. Carbonyl-labeled [“CJAPFO
was obtained from 3M. Cholestyramine was obtained from Mead Johnson. Thedosing solutions werprepared by dissolving the tes substance in 0.9% NaCl (the ['CJAPFO solution contained 2.1 mg/m).
Cholestyramine (dried and ground resin Z-620) was mixed, 4% by weight, with Purina Lab Chow. The
radio-fabeled test substance was administered a a single intravenousdose (lateral tail vein). Two mL of
the dosing solution was administered to each of 10 rats. Five rats were given 4% cholestyramine in feed
(ad libitum; the other rats were given normal Purina Lab Chow. In order to allow a comparison of the
radiometric results on an absolute basis, the radio-labeled doses were not adjustedforindividual body
weights. The average doses as administered to each group were 13.3 me/ke (cholestyramine-treated
animals) and 13.5 mg/kg (control animals). Urine and feces samples ware collceted at intervals for
individual rats 14 days after administration ofthe test substance. At thi time, the ais were anesthetized
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PHARMACOKINETIC STUDY
Title: Metabolic Handling of Perfluorooctanoic Acid in Rats
TEST SUBSTANCE

Identity: Perfluorooctanoic Acid (PFOA)

Remarks: Perfluorooctanoic acid (a mixtureoflincar and branched isomers) was supplied by MinnesotaMining and Manufacturing Company, St. Paul, MN SS101. Its purity was not indicated.
METHOD
Method/guideline followed: Not specified

Test type: Fluoride determinations and ultrafilration studies were uilized—Rat in vivo and in vitro:Human serumein vitro

Speciesistrain/cell type or line: Holtzman rat; Human serum
Sex: Rat-female; Human-not specified

Age and body weight rangeof animals used: Rats weighed spproximately 250 grams, ageofrats wasnot specified: Human scrum-age and weightof source was not specified
Number of animals/sex/dose: Fluoride determination—not specified; Ulrafiltration studies—Ratsscrum-two aliquots; Human serum-thrce 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 ratswere fed a low fluoride (<0.5 ppm) dict; Human serum-0, 7, or 1500 ug nonionic fluorine (asperfluorooctanoic 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 wasanalyzed for ultrafiltration studies
‘Statistical methods used: Means were statistically comparedby calculating Student's t-value. A P-valueOF <0.025 was chosen as indicating significance.

Method remarks:

Fluoridedeterminations —Rais were administered 2 mi ofan aqueous solution containing 2 mg of‘nonionic fluorine. as perfluorooctanoic acid,bystomach intubation. Theanimals were placed inindividual metabolic cages and fed rat chow (Purina) and tapwater (1ppm fluoride)adlibitum for 4.5,8.24, or 52.5 hours. In addition, four rats were placed in metabolic cages and fed a low fluoride (<0.5 ppm)dit and distilled water for a periodof96 hours. This resulted in a substantial decrease in fonic fluoride‘content ofthe feces and facilitated the analysis for nonianic fluorine. A few crystalsof thymol were added
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tothe rine coainrs iit bacteris grovth during the collection period. At he end of hecxprimentl prod,th rine and fc werole nd the nest sed snl wes safc bycardiac puncte. The blood was allowed 0 clot and the serum was colloid aesacme metStored faze uni nsyasd. Urine, er, 3nd fcc wi ssovsnc om addnt idebaseline data, The volumesof win colleions, which included war needed teemtcages, and he wightofhe feces wer corded. A sal known quantofdisilod stdtohe fces sample, wich wer hn homogenized 03 ick Sumy. The sor and wee mreaoyonic uoride a pH 5 with th lords fon-spciic slectode. Te foie Mavi nt Hemop.feceswas detrmined t pH 5.0 with th are lcirode atsoanofte asemspercorc aid a1 60°C (he ride in prfluaroocanote acids not kd aie der teeconn"Th tal fuorine contentofseu, une, and ces was deermined wih ne orgs boscnxracion echnie. Filton ml.ofised water was add 10 he xyen bs pe astonofth samples) 0365 Tord rap. Up 00.3 ml. ofrum of rine spitets .0.smpoll of lerpaperpulp and fd without ding nthe oxygen bom. Largo voresrp 16 3-opyofSram ow in arid were piped ot the pele and pied prio fo corti. Hh rataSigh modifi for th anys ofthe fees mht 15 mL oftol soni srenpin acts ues (rte.Orion Research, Inc) was added othe oxygen bom pro 0 ng nica of 1mLofmr Pont otrecovery samples wets cai rough he nie proche.
Uliaftationstudies —The pioftwo 90-mL. aliquots of human serum ws ated 7.4 bycailibaion wilh mixture of 95% sis ad 554 carbo dioxide. Seventy. fofmonies ori (sspefuorootanoe acd) was added to one siquot and 1500 ug was added fo he acon. Aer 3 ove 1nLof he spiked seu was rmaved for dearminaionofte nts encima oper rcomercid and he remaining surcontain peraroocaneie ci as rmioredtoan ooTeewlrafileation uni iid with Diafl XMS0 membrane. whch retains molecules 50.000 aon. TocSamplechamber was flushed with 95% i, 5% carbon diode, pressurised wit isos,ad 15lfilise was clletod. An leit was io prepared om pooled scrum otsaed fo ty re(dosedTo th ore deirminaion dy) 4.3 hour hrrein te 3. ofniente Poon orperluorooctanic acid by stomach intubation and om 75 mL of ulered (4174) ene comeich 900 ofomni Marin had bec added
RESULTS
[r—
Employing the oxygen bomb reverse extraction echique for etrmination ofttl urine, recovery780: 10 SEMY% was abaind or prfuroocianoic acid, The recovery of Tari rompeuorooctanoc cid was creased 094 + 1.5% when 15 mi ofTISAR buffer end of water, wasusd as th foride rap insideth oxygen bomb. The quantity oF nonionic Morin was coatSubiracing the onic Tuoride fom th otal Torin deermined fe aching i he ovygon boarddividing by citer 80 or 54% The banklo th proce employing 0.74 Ths sape mit alltand 13 ml ofredisilled water a3 ride rap was 0.13. 0.020 ug. Th modified provers weedetemine th otal furide contentof he feces had blank of 0.40.3 0.053 pg.
Th results abained in the wlvailrtonsudy ofthe binding ofperflurooctanic acid in serum are giveninable 1 The contol periment which peTuoroocanci aid wae added 10a stor csSolution buered at pi 74 provided viden ht hewiration meme bound yo leperuoroocianoie sci. Visuallyal ofthe hoioni Moric (a permeroocsnore sek) asd othelin solution was laFeable. Te addiion of perfuoroctanele cd to hom somim n acums
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which elevated the nonionic fluorine to levels as high as 16 ppm, resulted inat least 99%of the addednonionic fluorine being bound to serum constituents and not being ulraflterable. Serum harvested fromrats 4.5 hour afte the administration ofa2-me dose of nonionic fluorine,as perlTuorooetanoic acid, had a‘nonionic fluorine level in excessof13 ppm and virtuallyallofthis was bound to components in theserum and not ulraflirable. Prior to intubationofperfuorooctanoic acid, the ionic and nonionic fluorinelevels were 0.032 and 0.07 ppm, respectively. Within 4.5 hours after the administrationof thepertluorooctanoic acid, the nonionic fluorine in the scrum rose 10 13.6 ppm. Despite the lage increase.(200-fold) in the nonionic fluorine level in the Serum, the ionic fluoride level remained very low (0.03PP). The nonionic fluorine level in the scrum decreased to 11.2 and 0.35ppmat§hours and 24 hours,respectively. The level observed at 24 hours was stil approximately seven times the baseline level, By 96hours. the mean level of nonionic fluoride in the serum had decreased to 0.08 ppm, a value that was notstatistically different from that ofthe undosed animals. Throughout the entire 96 hours, the fonic fluoride:level ofthe serum remained very low.
“Table 1. Fluoride Content of Serum, Serum Ultraflrates, and Buffered Isotonic Saline Before and Afterthe Addition of Perfluorooctanoic Acid”

‘Specimen p [Ulmfiiaie|
[Tonic | Toul| ionic | Toul |Bullered Saline | Perfiuorooctanoic acid 21(oH 7.4) added

[Allguott"TNew T0014|ooaAliquot | Perfluorooctanoie acid 0080added
Perlluarooctanoic acid | 001% 63 0025 0.086added

 TCommlenn 1002 [on|~ T |2 [Experimentalserum 10013_|_ 132 | 0016 |_0.03“Fluoride contents were reportedas ppm and were the mean of two determinations,“Pooled serum from normal ra.
“Pooled serum fromrats4.5 hours afcr administration ofa 2-mg doseofnonionic fluorine asperfluorooctanoie acid.

Theurinewas analyzed for nonionic and ionic fluorine since the in vivo data showeda rapid removal ofnonionic fluorine from the serum the results are shown in Table2. Although the urine from the undosedanimals contained no detectable nonionic fluorine,within4.5 hours afer receiving the dose, an average of749 jgor 37% of the fluorine in the administered dose was recovered in the urine. The quantity ofnonionic fluorine inthe urine increased 10 61%of the administered dose at § hours and by 24 hours 76%ad been excreted in the urine. Between 24 and96hoursofthe experimental period. the quantity of‘nonionic fluorine found in the urine increased to §9%. The rate ofexcretionof nonionic fluorine thusincreased from 0 jg/hour in the undosed animals to 16 sg/hour, 4.5 hours after receiving the dose ofperfluorooctanoie acid. The rateof nonionic fluorine excretion rapidly decreased to § pghour over theinterval from 52.5 to 96 hours. The rat of excretion of fon fluoride n the urine for the undosed animals,based on a 24-hour urine collection, was found (0 be 1.73 yg Frhour. Although there was a tendencyfoward an increased ionic fluoride excretion in the dosed animals, ionic fluoride excretion rte was notsatistically greater than that ofthe nondosed animals.
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Table 2. Urinary Excretion of onic and Nonionic Fluoride Following Administrationof 2 2-mg Dose ofNonionic (As Perfluorooctanoic Acid) to Rats
“Time (hr) Tonic” (ugh) | Nemome

hr ‘Accumulative % of|[ee[Basing 1ipso | 0[0Bs TT men| deems| 37ie0Bo osesos| eee| eiesseT esos TT ieea0| 76e27523 18208|Tsriz|wisar |be 17 seis |ware |“Excretion ates for fon and nonionic fluoride were calculated as ig excretedhr from the preceding imepoint. The baseline value was based on a 24-hour urine collection
“Mean £ SEM
“The jonic fluoride excretion rate for the 96-hour period is not givensince these animals were fed lowAuoride diet.

nan effort 10 account for theremaining nonionic fluorine, feces collected from dosed animals over 52.5-and 96-hour periods were analyzed for nonionic fluorine. The percentageof the administered dose ofnonionic fluorine recovered in the urine and fecesofanimals afte 52.5 and 96 hours is shown in Table 3,Afier $2.5 hours, a mean of 4.5%ofthe administered doseofnonionic fluorine was recovered in thefeces. An additional 81.5% was presentinthe urine, which brought th total quantityof nonionic fluorineexcreted inthe feces and urine 10 86%. By 96 hours, however, the quantityofnonionic fluorine excretedin the feces had increased to 14.3% and the entire dose ofnonionic fluorine had been excreted in the urine.and feces

Table3. Percentageof the Administered DoseofNonionic Fluorine Recovered in the Urine and Fecesafter 52.5 and 96 hours
[lime TUrine [Foes Tol[525 815530 [4sei0 Tse0s3s|% [803226 Lassal"7 Tissers|

Metabolites measured: lonic and nonionic fluorine

CONCLUSIONS
“The nonionic fluorine level in the scrum was increased 200-fold afer administrationof the dose, butreturned to baseline levels by 52.5 hours. Although perfluorooctanoie acid is rapidly absorbed and boundto nonultrafilierable components in the serum, the entire dose of nonionic fluorine was recovered in theurine and feces after 96 hour. Neither the ionic fluoride level in the serum nor the raeof tonic fluoride.excretion inthe urine was significantly altered by the administrationof perfluorooctanoie acd. Althoughperfluorooctanoic acid has not been identified in the urine, the available data Suggest that it has beenexcreted intact or in, possibly. aconjugated form.
REFERENCE
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PHARMACOKINETIC STUDY
“ite: Stimulation by oestradiolofthe urinary excretionofperfluorooctancic acid in the male rat
TEST SUBSTANCE

Identity: Periluorooctanoicacid(PFOA); 98%pure.
Remarks: The test substance was dissolved in amixtureof propylene glycol-water (1:1) ataconcentrationof25 mg/ml.

METHOD

Methodiguideline followed: NA

Test type: in vivo,

Speciesisrain/cell type or line:rat Wistar

Sex: male and female

Age and body weight range ofanimals used: age not specified, male bw range 170-300g, female byrange 150-150g,

Number of animals/sex/dose: Dosed with vehicle: 6 males and 6 females: Dosed with singleintraperitoneal injectionofPFOA: 6 females,6males, 10 castrated males, 10 castrated males treated withoestradiol, and 10 intact males treated with oestradiol

Route of administration: intraperitoneal injection

Vehicle: propylene glycol-water (1:1)
Doses: 50 me/ke. single injection

Excretion routes, body fluids, and tissues monitored and/or sampled during study: urine, serum
Statistical methods used: one-way analysisofvariance (differences between groups), Student's ttestfor unpaired data (differences between meansof two groups)
Method remarks: Rats were housed in metabolic cages in groups of5. They were fed standard rat chowand tap wateradlibinum. Twenty males were castrated a the ageof28 days and afte S weeks they wereused in the test. Halfof the operated and 10 intact males were dosed with 500 g/kg oestradiol valeratesubcutaneously every sccond day for the 14days before the test. Urine was collected in the cages duringthe 96 hoursafter a singledoseof PFOA. Blood samples were collectedbycardiac puncture. Serumsamples were ultrailered to determine theproteinbindingofPFOA in serum. The PFOA contents ofurine, serum, and ultrafiltrates were measured with gas chromatography. The free anionic and passible‘conjugated formsof PFOA in urine were separated and assayed for PFOA concentration.
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RESULTS

Detailed results: Castration nd administration of ocsiadiol 0 the male ras hada significantstimulatory effect onthe urinary excretion of PFOA. During the ist 24 hours, ome rats enerted 72 +5% (126) ofthe dose, whereas inact males excreted only + 4% (1-6). Afr he oestradiol nesters,both inact and castrated males wre abl o excrete PFOA i urine in ilar amounts ae formats (6119% and 68 + 149% at 24 h respectively). The castrated males without oestradiol reatment extra]PFOA in urine faster than intact males (50: 13% at 24h), but not as fast as females or oestradiol atedmales during the whol test(P < 0.01). At the endof he test (96 h he concentration of PFOA in sheserum of ntact males was considerably higher (17-40 tics) than inthe scrumofother groupe.
Females and ntact males treated with PFOA excreted slighty more urine than control animals up to 72(P<0.05) afer treatment. PFOA may cnhance the urine volume excreted.
Ultrafiltcaton and ansysis of th urine samples indicated that PFOA is not metabolized and is secreted inis anionic form. Over 98% ofPFOAwasbound to proeins i the serum of females and intact mesdetermined in the samples taken during 12 hater dosing.
Metabolites measured: none

CONCLUSIONS
No conclusions were given.
REFERENCE

Viinen. M., Hanhijarv.H., fakonaho, J. and P. Peura 1989. Stimulation by oestradiol ofthe urinaryexcretion perfTuorooctanoi acid in the male rat. Pharmacology & Toxicology 65: 274-217
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PHARMACOKINETIC STUDY
Tile Disposition of peeorooctanoie acid nthe rat afc single and subchronic administration
TEST SUBSTANCE
entity: Perfuoroocane acid (PFOA) fom Aldeh-Cheni: puiy was no indicted
Remarks: The est subsiance was dissolved nc209% NaC1 solution for ntagavags administration and6) propyiene shcolwatr mixars (1:1 fo mvaperionel administtion.
METHOD

Method/guideine followed: NA
Test type: in vivo
Speciesstraincell type or line: Wistar
Sex: male and feral
Age and body wight angeof animals sed: a) newly weaned not speed10 wecksbw not specified
Number of animalssexdose 4) 15

2
Route of administration: 3) inragavage

Wr mespenioncal
Vehicle: 20.9% NaCl soon) propylene ghyentwater 1:1)
Doses: 0)3, 10, and 30 mg/day, daily doses for 28 consecutive days5) $0 me single infecuon, volume- 0.25 mL/100;
Excretion routes, body uid, nd tissues monitored andor sampled during study: serum, brn,liver, kidney, un, Splen. ovary. esti, and adipose koe
Statistical methods usd Th iological bal. of ROAin the serum and oer sss was estedfrom the squaion (nar rgrssion) afh inca lationship between ime and concenaton of eosna semiigarios ie.
Method remarks: Th animal were housed at 21°C, witha dak period fom pn. 07 am. Theywre given ap wate and gular ot chow ad iin. The scram as called by edomonsNr decapitation the brain was sampled and the he issues were sampled pessoper oeconcentrations of PFOA inthe srum. tissues, ad id exacts were desmind sng spar gasSromitoaphy.
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RESULTS
Detailed results: 3) Atal three dose levels in the gavage study. the levels of PFOA in the serum andothe issues analyzed wer higher in mals than females (p< 0.05). The distribution of PFOA wamainly 10 the serum, but liver, kidney, and lung tissues also had high concentrations. A significant (p <0.05) positive correlation was observed between the dose and the concentrationof PFOA found i theliver (= 0.996). kidney (¢ =0.933), spleen (= 0.995), andlung (r' = 0.959) of females. No similarsignificant correlation was found in males. However, the spleen, testis, andbrsin concentrations of PFOAcorrslated positively with the concentration i the serum (r= 0.969, 0.971, and 0.976, respectively).
5) After intraperitoneal injection, the concentrations of PFOA in the serum and other issues assayed werehigher in males than in females during the whole tes. PFOA was mainly distributed to the sera, buttier, kidney, spleen, and brain tissues alsohad high concentrations. Twelve hours after administration ofPFOA. about 10%ofthe dose was found in the serumoffemales, compared to about 40% in males. Afierv0 wacks. about 3.5% ofthe dose was sill ef in th serum ofmales. In omales, the PFOA levelsin theserum, fiver, and kidney decreased ina discontinuous fashion, indicating distinct phases. The half-livesof the concentrationof PFOA in the scrum were 24 hand 105 h in females and males, respectively. Thehalflife of PFOA in the lier of females during he first week was estimated 0be 60, while in males itwas found to be 210 h. In males, a more linea relationship between time and PFOA concentration wasobserved. PFOA was not found inthe assay ofthe lipid fractionofthe liver, Similar levels of PFOAwere found in thespleen as in the ivr (females = 73 hand males= 170 h). Inthe kidney, halves of145 hand 130 h were found fo females and males, respectively.Metabolites measured: none

No conclusions were given.

Ylinen. M. Kojo. A. Hanhijdrvi, H., and P. Peura. 1990. Dispositionofperfluorooctanaie acid in the ataftr single and subchronic administration. Bulletin ofEnvironmental Contamination & Tovicology 44:46-53.
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EPIDEMIOLOGIC DATA
Title: Mortality Among Employees ofa Perfluorooctanoic Acid Production Plant

TESTSUBSTANCE
entity: Perluoroctanic acd (PFOA)
Remarks: The cohort was exposed fo PFOA during production of the chemical. Many other chemicals(28. benzene, asbestos) were also used or produced tthe plan. The workers were exposed f thesechemicals as wel
METHOD
Study design: Retrospective cohort mortality study

‘Manufacturing Processing/Use: There was no information inthe study on methods used to manufactureand process PFOA. PFOA is used as a surfactant, and i is uscd i large numberof usr]applications and consumer products including plasticizers, lubricants, wetting agents, and emulsifiers.
Hypothesis tested: To determine whether morality from any cause at the 3M Cottage Grove(Minnesota) manufacturing facility was associated with occupations] xposure o PFOA.
Study period: The study population worked at the plant from Jan I, 1947 to De 31, 1983
Setting: Minnesota 3M plant that produced PFOA and other chemicals,
Total population: 3537 employees paricipated in the study (2788 males and 749 females), 1339 of thistotal worked inthe Chemical Division. 398 (348 malcs and $0 female) of these employees weredeceased,of which 148 males and 11 females worked in the Chemical Division
Subject selection criterias All workers employed for at leas § months atth plan between Jan 1, 1947Dec 31, 1983.
‘Comparison population: In SMR analyses: U.S. general population death rates; Minnesota populationdeath rates. Women were compared only withthe U.S. population because ce. and calendar period.specific Minnesota ats or women were ot available. In proportional hazards analyses: non-Cremiealivision workers at the plant.
Participation rate: Six workers employed during this ine were excluded becavs they had incompleterecords. resultingin 099.8% participation ate (33773543). Of this population, vital sts (tive ordead) was obtained for 100% ofthe individuals, and death certificates were obtained for 99.5% of thoseWho died.
Subject description: Individuals employed during the study period were identified through companypersonnel records. Man ag at employment was 27.3 years for males and 27.6 years for females. Meanage at death was S64 for males and 55.4 fo females
Health effects studied Mortality
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Data collection methods: Vial status was obtained from the Social Security Administration for 1947-1982. and from the National Death Indes for 1979-1989. Work histories and other employe das wereobtained from company personnel records. Death certificates were obtained from the sate healthdepartmentsfo those employees presumed fobedeceased
Exposure periods The potential exposure period was from Jan. 1, 1947 fo Dec. 31, 1983,
Description/delineation of exposure groups/categorics: PFOA productionwasrestricted totheChemical Divisionofthe plant. Employees wh worked inthe Chemical Division fo at leat | monthwere considered exposed to PFOA. Employes who never worked in the Chemical Divisionor workedthere forfess than | month were considered not exposed fo PFOA.
Measured or estimated exposure: Cumulative exposure to PFOA was estimated usin the surogatemeasureofmonthsof Chemical Division employment
Exposure levels: Not measured. Employees were considered either exposed o not exposed.
Statistical methods: Statificd Standardized Mortality Ratios (SMRS), adjusted for ag, sex, and race,were calculated and compared 0 U.S. and Minnesota whic death rates for men. For women, only saterates were available. The SMR for males were stratified for 3 atency periods (10, 15, and 20 yours) and3 periodsofdurationof employment(5, 10, and 20 years). Cause-specific mortality rates were comparedbetween exposed on unexposed workers sing staifed SMR.
Relative risk and 95% confidence intervals were estimate fordeaths fromall causes, cancer,cardiovascular diseases, and other selected causes using proportional hazard models (SAS). Age at firstnmployment, year offrst ployment. and durationof ployment were included 4covariates i themodel. The appropristnes ofthe proportional hazard assumptions was tested wing sratifid modelswith graphical analysisoflog versus follow-up time relationships and models tha tested he significanceofa product erm between exposure nd og follow-up ime.
Other methodological information:
A nosologis coded the death certificates for underlying causeofdeath for the workers according 10 ICD§

Data costed included yaroffirst smployment, age at ist employment, duraion of employment, andduration of employment in the Chemical Divison. Lengthof cmployment at he plan, length ofcmployment in the Chemical Division, calendaryea offst cmployment, and agt at frst employmentwere analyzed to determine whether they had a effcct on numbers of deaths fom al causes and fromspecific causes.

Describe results; For al female employees, the SMR for all causes and foral cancers were less than |“The ony elevated (although not significant) SMR was for ymphopaietc cance. and was bused on only 3deaths. When exposure status was considered, SMR forall causes of death and for all cancers weresignificantly lower than expected, basedon the US, rates. for both he Chemical Division workers and theother employees of the plant.
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In male workers, the SMRs were close to | for most ofthe causesof death when compared to both theU.S. and the Minnesota death rates. When latency and durationof employment were considerod, therewere no elevated SMRs. When employee deaths in the Chemical Division were compared to Minnesotadeath rates. the SMR for prostate cancer for workers in the Chemical Division was 2.03 (95% C1 63 +459)

The SMR for prostate cancerfor workers in the Chemical Division was 2.03 (95% CI 55 - 4.59). This.was bascd on 4deaths (1.97 expected). There was alsoa statistically significant association with lengthof employment 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 ChemicalDivision was 1.13 (95% C1 1.01 to 1.27). Itose 10.3.3 (95% C1 1.02 -10.6) for workers employed in theChemical Division for 10years when compared to the other employees in the plant, The SMR forworkers not employed in the Chemical Division was less than expected for prostate cancer (58).
Study strengths: Vital status was determined for 100% of the cohort,
Study weaknesses: Therewas a potential for misclassificationof exposure because manyofthe non-Chemical Division employees may have been exposed to PFOA. In addition, exposures were notmeasured; therefore categoriesofexposure were very broad (ever vs. never exposed). This exposuremisclassification would bias the effect estimates toward the null. Workers werealso exposed to otherchemicals in the workplace. The authors also note that there are differences in the distribution ofage atisk among the Chemical Division and non-Chemical Division workers and that this could confound theresultsofthe study. There were also small numbersofdeaths in manyof the categories for males andespecially for females in all categories. The cohort needs to be followed for many years to come in orderto develop an accurate picture ofthe mortality experienceofthe employeesofthis plan.
Research sponsors: National Institute for Occupational Safety and Health Grant and the 3MCorporation

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 wasobserved, the results must be interpreted carctully. Continued follow up of this study or other studies.with direet exposure measurements might help to confirm the association.
REEERENCE

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

OTHER
“This study i the second updateof the mortality study. Another update is expected to cover the yearsthrough 1997. It has not yet been submitted to EPA.
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EPIDEMIOLOGIC DATA.
Title: Mortality Studyof Workers Employed at the 3M Cottage Grove Facility

Identity: Perfluoroctanoicacid (PFOA) and other fluorochemicals
Remarks: This study is an updateofthe study published by Gilliland and Mandel, 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 from this plan is ammoniumperfluorooctanoate (APFO), apotent synthetic surfactant used in industrial applications. APFO rapidly dissociatesin biologic media toperfluorooctanoate (PFOA).
Hypothesis tested: To determine whether occupational exposure to PFOA and other fluorochemicals isrelated to the mortality experienceof employees ofthe 3M facilityinCottage Grove, Minnesota,
Study period: The study population worked at the plant for atleast 1 year since Jan. 1, 1947. The cohortwas followed through Dec. 31, 1997. Currently employed workers were assigned Dec 31, 1997 as theirlast date of employment.

Setting: 3M plant in Cottage Grove, Minnesota that produced PFOA and other chemicals.
“Total population: 6678 workers were idenified. Of these workers, 3992 worked at the plant for at leastone year. Eighty percentof the cohort was male,

‘Subject selection criteria: All workers employed at the Cottage Grove plant for at least 1 year. The‘cohort was followed through Dec. 31, 1997. Currently employed workers were assigned Dec 31, 1997 astheir last dateof employment.

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

Participation rate: Death certificates were obtained for 97% (n = 590)of the cohort who were deceased.
Subject description: 80% (n = 3183) of the employees in the cohort were male. The mean age atfollow-up was $6.6 years, and the mean number of years worked at the plant was 12.1. The number ofperson-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 recordsofany employee with at least 1year employment were abstracted to record the workers’ name, SSN, 3M identification number, date ofbirth, and datesof work history. This cohort was linked to records from the original cohort to update the‘employment information and verifyotherdata. The National Death Index was searched for aloftheworkers. Discrepancies with the original cohort were resolved and deaths before 1979 were verified inthe Social Security Death Index. A licensed nosologist coded thedeathcertificates o ICD §.
Exposure period: The potential exposure period was from Jan. 1, 1947 to Dec. 31, 1997.
Description/delineation of exposure groups/categories: Workers were placed into 3 exposure groupsbased on job history information. Those groups were: definite PFOAexposure(jobs where cell‘generation, drying. shipping and packaging of PFOA occurred throughout the historyofthe plan);probable PFOA exposure (other chemical division jobs where exposure to PFOA was possible but withTower 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), or not exposed (1815).

Statistical methods: Standardized Mortality Ratios (SMRs) and 95% confidence intervals were derivedusing the PC Life Table Analysis System software developed by NIOSH. This program computes age,‘gender, and race-specific SMRs using standard lie table methods. The expected numberof deaths areestimated by multiplying the age, gender, race, and calendar period tabulated person-years of follow up tothe corresponding causc-specific mortality reference rates. Mortality ratesfor white Minnesotans were.used as reference data.

Other methodological information:

Deseribe results: 607 deaths were identified in the cohort. 46ofthese deaths were in the PFOAexposure group, 267 in the probable exposure group, and 294 in the not exposed group. The authors alsostratified by a minimumofone-year exposure to PFOA in both the definitely-cxposed and probablyexposed groups. 182 workers(17deaths) were definitely exposed for at least 1 year and 1673 workers(219 deaths) had probable exposure for at east one year.

When all employees were compared tothe sate mortality rates. SMRs were less than 1 or ony slightlyhigherforallofthe causesofdeath analyzed. Noneof the SMRs were statistically significant at p = 05The highest SMR reported wasfor bladder cancer (SMR = 1.31, 95% C1 = 0.42 - 3.05). Five deathswere observed (3.83 expected)

A few SMRs were elevatedforemployees in the definite PFOA exposure group:2 deaths from cancer ofthe large intestine (SMR = 1.67). 1 from pancreatic cancer (SMR = 1.34), and1 from prostate cancer(SMR = 1.30). In addition, employees in the definite PFOA exposure group were 2.5 times more likely todie fromcerebrovascular disease (5 deaths observed 1.94 expected; 95% CI = 0.84- 6.03).
In the probable exposure group, 3 SMR were notable: cancerof the testis and other male genital organs(SMR = 2.75. 952% CI = 0.07 15.3): pancreatic cancer (SMR = 1.24, 95% CI = 0.45 ~ 2.70) and
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malignant melanomaofthe skin (SMR = 1.42, 95% C1 = 0.17 5.11). Only 1, 6, and2cases wereobserved. respective. The SMR fo prostate cancer bn is group was 0.86 5.
There were no notable excess in SMRs inthe non-exposed group, except for canceofthe bladder andoor inary organs. Four cases were observed and ony 1.89 wer expected (95% C1 0.5 4.40
“The excess in prostate cancr deaths that was observ in the first study was not as stron in this updatedcohort Only | death was reported i he definite xpos group whi 5 wer observed te propublexpos group: 10s dificult o trp these results ine he exposure categories were modied deeheat study. However,al ofthe crmplogees in cithe group were saumod 1 have some expose bsPFOA. The new dlinatonof exposures further defined the hermical plant employes of the rsdyand placed hem nto2 groups, while the im plant employees sll remained nth non-exposed ronsThe numberofyears that these employees worked a he lan andor were exposedt PFOA wacoraporedfo prostate cancer
The excess mortality in cerebrovascular discase noted in employees in the definite exposure group wasurbeanalyzedbased on umber of yearsofployment a th pan. Three of he deh oes inworkers who were employed in job with definite PFOA exposurefo more hn Scars but 10 yous(SMR~ 15.03,95% C1 - 3.02 43.91). The ther2 occured in employess with os tha | yc ofdei exposure. The SMRwas 69 (35% C1 - 139. 30.24) for iployeeswith grater th & sours ofdefinite PFOA exposure. When hee deaths were furtheralyzedbycumulative pore (imc.Weighted according o exposure category). workers wih 27 years ofposure in probable PROA exposedjobs or thos with © years of definite PFOA expasure were 3.3 times more Hel 1dieofcercbrovesontrdisease han th general population. A dose.respons lions wht nt observed with yeas of

he light excess in biadde cancr in the cohort 5 a whole should be noted. PFOA exposures werereported in employee serum at th Decatur, Alabama plan, and ladder cancer mort ty ws 4 timeshigher in workers with high exposure job han the general population (SIR 4.31, 95% C1 0.991406). Three deaths were reported, and al of them occured nthe high exposure group. PEOA has beenused at hi planta a elastomerin lsoropolymer production ori s produced 4 by-product. I 1 aenow being manufactured at Decatur. Muncie his ben occuring ince 1999,
Study strengihsiweaknesses: 1s difficult 0compare the results of the firs nd second moralStudi at he Cotage Grove plant ine he exposure categories were modified. AMhough the authorslim that the newer expose categories ar more accurate, thers Silla reat chance that exposuremisclssifcarion occured. Without measured xpos. is dieu ojudg te reiabily of sheexposure categories hat were defined. It shouldbe oid tha in this stu the chemical plan employeeswere sub-divided into PEOA-cxposed groups and he film plant mplayece emained in the non:exposed group. Nevertheless al ofthe deaths were considered 0 probably have had exposure 10 PFOAinh workplace. Scvencen death cctificats wet no oaied and therefore were mot inched i heStudy. “This i important because t could greatly change the analyse for th couseof death tha hadmall nbcofcases. There at oer chemical preset in he plant. 1 odor 1 confi he resultsregardingcerebrovascular discase (vas an ria of death cert coding), gional moray iesWer usd or the reference population. The resus did not change
Research sponsors: UniversityofMinnesota
Consistency of resus: The xcess in prostate cancer deaths that was observed i the frst study was otas trong in this updated cohort. Only 1 death was reported nthe dete posure group while were
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observed i the probable exposure group. Iti dificult 0 interpret thes results since the exposurecacgoris were maid ine he lst stdy. However alohe ployee n thr grou wenassumed © have some exposure to PFOA. The new dinationof cxposures futher deine th chemicalplant employees of he fst study and placed them no groups, hi he Fl plan ployon stremained in he non-€xposed aroup. The umber of years hat dese employees worked a hs pent anorwere exposed to PFOA was nt reported for prose ancer
coxcLusions
Follow upofworker morality at Cotage Grove needs continue. Although there were more than 200additional deaths included in this analysis, t il small number nd te cohort 5 61 easly oun.Given he reals of suis an urorchenicls in both nial and humans, thr nals swe ommeOFparila interest ae bladder ance, prostate cancer cerebrovascular disease, cancer and orden ofhe iver, and pancreatic cance,
REFERENCE
Alexander, 3H. April 26,2001. Mortality study ofworkers employed a the 3M Cottage Grove fc.Final Report. Division of Environmentaland Occupational Health, School af Publi Heath Univertyof Mimesota.

omer

This study differs fom the 1993 mortality study i ha his one requires 1 yearof exposure for inclusionin the cohort (as opposed 0 months). Inaddition, the cxposrscacgorics were mon specificAdiional coor members were included (r= 169 tht Should hav been included nthe st sd. It isnot lea why these employees wer nt included in he 199 study
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EPIDEMIOLOGIC STUDY
“Tithe An Epidemiologic InvestigationofReproductive Hormones in Men with Occupational Exposure10 Perfluorooctanoie Acid

Identity: Perfluorooctanoic Acid (PFOA)
Remarks: This pape further examines the observation inialy reported by Gillilandin his doctoralthesis that total serum organic uorine may be asociated with reproductive hormone changes in PFOAproduction workers

METHOD
Study design: Two cross-sectional studies, wilzing general medical surveillance and analysisof cleverhormones inserumof male employes at PFOA production facility.
ManufacturingProcessing/Use: PFOA was produced atthe plant by an electrochemical process, whichinvolveda four-siage process: isolating and converting the chemical 0.0salt sur, converting theslury0a salt cake, dying th cake, and packaging. The greatest iklihood fo exposure 0 PFOA occurred inthedrying area. PFOA. a potent synthetic surfactant is uscd in industrial applications.
Hypothesis tested: Since PFOA has been shown to result in dose-related increases in hepatic, pancreaticacinar. and Leydig cell adenomas in laboratory animals and increased serum cstradiol levels, ROA mayshowa similarcfTct in humans with regard t reproductive hormones, pariclary increased stradiol ordecreased testosterone serum loves,
Setting; PFOA production plant (presumed to be 3M plant in Cattags 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-<1ppm 1-<10ppm, 10-<30 ppm. and 230 ppm in order to determine fan effect existed at the highestSerum levels.
Participation rate: Not specifi.
Subject description: Characteristicsof subjects were not described.
Health effects studied: Potential changes in: serum cortisol, dehydroepiandrosterone sulfate (DHEAS).
estradiol, follicle-stimulating hormone (FSH), 17a-hydroxyprogesterone (17-HP), free testosterone, totaltestosterone, tcinizing hormon (LH), prolactin, thyroid-simulating hormone (TSH), and sex hormonebinding lobulin (SHBG)
Data cllecion methods: Medical surveillance consisted of a medical questionnaire, measurement ofeight. weight, and pulmonary function; sandard biochemical nd urinalysis tests; PFOA determination:and several hormone assays.
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Details on data collection: The upper limitofdetectionof PFOA in 1993 was 80 ppm, whereas there.was no upper limitofdetection in 1995. A thermospray mass spectrophotometry assay was used todetermine serum PFOA levels in 1993 and 1995. Eleven hormones were assayed. Cortisol was assayedusing a fluorescence polarization immunoassay. Radioimmunoassays (RIA) were used for DHEAS,estradiol, 17-HP and total testosterone. Free testosterone was determined using cquilibrium dialysis. LH,FSH, and prolactin were assayed using a microparticle enzyme immunoassay. TSH was determined usinga chemiluminescence immunometic assay. SHBG was assessedvia a radioimmunoassayafterchromatographic sample purification. Bound testosterone was calculated as total testosterone less freetestosterone. The same assays were used for both 1993 and 1995 analyses.
Exposure period: Not specified.

Description/delineationofexposure groupsieategories: For the stratified analyses, employees weredivided into four serum PFOA level categories: 0<1 ppm, 1-<10 ppm, 10-<30 pp, and 230 ppm inorder to determine if an effect existed at the highest serum levels. Seventy-five percentof the employeeswith serum PFOA levels at 10 ppm or greater participated in both years.
Measured or estimated exposure: N/A

Statistical methods: Simple and stratificd analyses, analysisof variance (ANOVA), Pearson correlation‘coeflicients, and ordinary multivariable regression were used to evaluate associations between PFOA andach hormone. with adjustment for potential confounding variables. For stratified analyses, employeeswere divided into four serum PFOA level categories: 0-<1 ppm, 1-<10 ppm, 10-<30 ppm, and 230 ppm inorder to determine if an effect existed at the highest serum levels. For multivariateevaluation, PFOA. age,body mass index (BMI), alcohol use, and cigarette use were examined as both catcgorical and continousvariables. Regression models were fitted with PFOA entered as a continuous variable using linear,square, and square root transformations. The possible nonlinear association ofestradiol, free testosterone,and bound testosterone was evaluated. Nonlinear dose-response relationships were examined by model itand by comparing parameter estimates,using indicator and continuous variables. Stepwise selectionprocedures 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— [15 ppm in 1995. SerumPFOA measurements wer highly correlated among the 68 employees who participated in the studyduring both years.

PFOA was not highly correlated with anyofthe hormones or with the following covariates: age, alcoholconsumption, BMI, or cigarettes. Most ofthe employees had PFOA serum levels less than 10 ppm. In1993, only 12 employees had serum levels> 10 ppm, and 15 in 1995. However, these levels ranged fromapproximately 10 ppm to over 114 ppm. There were only 4 employees in the30 ppm PFOA group in1993 and only S in 1995. Therefore, it is likely that there was not enough power to detect differences ineither of the highest categories, The mean ageof the employees in the highest exposure category was thelowest in both 1993 and 1995 (33.3 years and 38.2 years, respectively). Although not significantlydifferent from the other categories, BMI was slightly higher in the highest PFOA category.
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Estradiol was highly correlated with BMI (1 = 41, p< 001 in 1993, and r= 30, p <.01 in 1995). In1995. all employees with PFOA levels > 30 ppm had BMIs > 28, although this effect was not observedin 1993. Estradiol levels in the, 30 ppmgroup in both years were 10% higher than the other PFOA‘roups: however, the difference was not statistically significant. The authors postulate that the study maynot have been sensitive enough to detect an association between PFOA and cstradiol because measuredscrum PFOA levels were likely below the observable effect levels suggested in animal studies (55 ppmPFOA in the CD rat). Only 3 employees i ths study had PFOA serum levels this high. They also.suggest that the higher estradiol levels in the highest exposure category could suggesta thresholdrelationship between PFOA and estradiol.

Free testosterone was highly correlated with age in both 1993 and 1995. The authors did not reportanegativeassociation between PFOA serum levels and testosterone. There ware no statistically significanttrends noted for PFOA and cither bound or free testosterone. However, 17-HP, a precursor oftestosterone, was highest in the 30 ppm PFOA group in both 1993 and 1995. In 1995, PFOA wassignificantly associated with 17-HP in regression models adjusted for possible confounders. However,the authors stare that this association was based on the rosultsofone employee (data were not provided inthe report). There were no significant associations between PFOA and cortisol, DHEAS, FSH, LH, andSHEG.

Study strengths and weaknesses: There are several design isses that should be noted when evaluatingthe resultsof this study. First, although there were 2 studyyears (1993 and 1995), he populations were.not independent. Sixty-cight employees participated in both years. Second, there were 31 fewer
employees who participated in the study in 1995, thus reducing the power ofthe study. There were alsovery few employees in cither year with serum PFOA lovels greater than 10 ppm. Third, the cross.
sectional design of the study does not allow for analysis oftemporality of an association. Since the ha:life of PFOA is several years, the suthors suggest that it is possible that there may be some biological
accommodation to the effects of PFOA. Fourth, only one sample was taken for cach hormone for each of

thestudy years. In order to get more accurate measurements for some ofthe hormones, pooled bloodtaken ina short time period should have been used for ach participant. Finally, there may have been
Some measurement errorof someof the confounding variables.

Research sponsors: 3M Company

Consistency of results: An earlier study reported an association between total serum organic fluorine inworkers and increased estradiol and decreased testosterone levels. However, t i difficult to compare the
results of this study to the previous study because serum PFOA in workers was measured in this study.
CONCLUSIONS

In two cross-sectional studies in 1993 and 1995, significant hormonal changes among the male productionemployes were not apparent in relation to thir measured serum PFOA levels as had been previously
observed in laboratory animals. However, it should be noted that PFOA serum levels in workers were‘much lower than those levels reportedtocause effects in laboratory animals,
REFERENCE

Olsen, GW. etal. 1998. An Epidemiologic Investigationof Reproductive Hormanes in Men withOccupational Exposure to Perfluorooctanoic Acid. JOEM. 40(7):614-622
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EPIDEMIOLOGIC STUDY

“Title: Anepidemiologic investigationofplasma cholecystokinin and hepatic function in
perfluorooctanoic acid production workers

Identity: Perfluorooctanoic acid (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 producedvia a 4-siage.electrochemical process involving converting the chemical toa salt slurry and then 10 salt 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 to obesity and alcohol,

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

Setting: PFOA production plan, Cottage Grove, MN

Total population: Not specified

‘Subject selection criteria: None specified, although participation in medical surveillance at the plantwas voluntary.

Total #of subjects in study: The numbers of participants in 1993, 1995 and 1997 were 111, 80, and74. respectively. There were 68 participants in common for 1993 and 1995, 20 in common for 1993 and1997. and 17 in common for all three years

Comparison population: N/A

Participation rate: approx. 70%

Subject description: Workers who engaged in the production of PFOA. No other informationwas 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 ofa questionnaire, pulmonary function, height, and weight
‘measurements, biochemical and urinalysis testing. 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 areprovided in another robust summary (Olsen ef l., 1998).
‘Serum biochemical tests included: alkaline phosphatase, gamma glutamy! transferase (GGT), serumslutamy! oxaloacetic transaminase (SGOT), scrum glutamyl pyruvic transaminase (SGPT), total bilirubin,direct bilirubin, cholestrol, low-density lipoproteins (LDL), high-densitylipoproteins (HDL),triglycerides, blood urea nitrogen (BUN), creatinine, and glucose. Hematology tests included: hematocrit,hemoglobin, rd blood cells, platelets, and white blood ces
Plasma CCK-33 was measured by direct radioimmunoassay. Serum PFOA was determined bythermospray (1993 and 1995) andelectrospray (1997) high performance liquid chromatography massspectrometry methods.

Exposure period: Not specified.

Description/delineationofexposure groups/categories: For the stratified analyses, employees weredivided into four serum PFOA level categories: 0-<1 ppm, 1-<10 ppm, 10-<30 ppm, and 230 pprm inorder to determineifan effect existed at thehighest serum levels,
Measured or estimated exposure: N/A

Exposure levels: N/A

Statistical methods: Simple and stratified analyses, Pearson correlation cacflicients, ANOVA, andordinary multivariate regression with adjustment for potential confounding variables
Other methodological information:

RESULTS

Describe results: The mean PFOA scrum level in employees participating in the 1997 study period was6.4 ppm (range 0.1 - 81.3 ppm). The mean CCK value was 28.5 pg/ml (range 8.8 - 86.7 pg/ml), The.highest CCK values were reported in the 2 exposure categories loss than 10 pm. The means were 50%higher in these 2 categories than inthe categories greater than 10 ppm (p =.06). When adjusted forpotential confounders, multivariable regression models indicatedaweak negative association between‘CCK and PFOA; however, these data were not included inthe report. There were no statisticallysignificant differences in serum chemistry values for participants with high CCK or PFOA levelscompared to participants with low CCK or PFOA levels.
Serum PFOA levels were not consistently associated with any variables, such as alcohol orcigarete usc,or with any hematological or chemistry parameters, and none of the values for such parameters were.statistically significant at anyofthe PFOA levels. There was no evidence that PFOA levels modifyhepatic responses to obesity andor alcohol.
Study strengths and weaknesses: 11 should be noted that CCK wasonly measured in 1997. The authorsindicate that the cross-sectional study format does not permitadirect analysis of an observed associationwith respect to time. Additionally, the numberofparticipants in 1995 and 1997 was significantly lowerthan the numberofparticipants in 1993.
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Research sponsors; 3M Company
Consistencyofresus: Theresusof his study ar inconsistent withcasfindings that PFOAmodulates hepatic responses alcohol and obesity and tha thre1.positive Comeivon Benson PFOAnd COK levee
“Th followingexplanations may indicatewhytisstay filed fo ind posits sociation betweenPFOA and CCK values

His posible that he heptocrcinogenic cfc of peroxisome prfifrstors in rodents do no act heSame biochemically in humans“The sum PFOA lvel observed i workers may hvebe 00 lowtodetestaneffect. Effcts inanimals wereobservedat ighe dosechan mosof the serum cls found i avorters(CCKreceptorsmay be diffrent betwen as and humans. Theor, the monkey mg bw rarepropriate animal mode 0 ud te pancreatic ccs of PFOA himansThe inalvement of CCK i he initaton or promotion of pancreatic cancer etrversil“The rt may not be an aproprisic mode in te tdafparent cancer im humane ss acinar clmalignancies induced by carcinogensin ras, ar rein mars.

heresis donot suggest ha hee i an ssoiation between PFOA levels and increases in plasma CCKTeves. nordo hey sgt theprescnceofhepatic oxiiy at the PEOA levels oberved actiat PFOA level observed nti stdy modus pai sponses best and sesh ee
REFERENCE
Olsen. GV. etal. 1998. 3M Final Report: An pidemiologi investigationofplasma cholecystokinin,atc funciion and scrum perToraosancie sed vel in production workers St. Pa, 3 ComprSept
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EPIDEMIOLOGIC STUDY
Title: Serum Perfluorooctanoie Acid and Hepatic Enzymes, Lipoproteins, and Cholesterol: a Study ofOccupationaly Exposed Men

Identity: Total serum fluorine was uscda a surrogate for PFOA exposure. Serum PFOA was notmeasured due to the cost of analyzing the samples,
Remarks: Originally, cmployces were considered “unexposed” bascd on thei job descriptions;However, when their scrum levels were analyzed, these “unexposed” workers had PFOA levels higherthan the general population. Therefore, total serum fluorine was used to classify workers into exposurewroups
METHOD

Study design: Cross-sectional study
Manufacturing/Processing/Use: This plant produces PFOA, aswellss several other specialty chemicals
Hypothesis tested: To determineifworkers exposed to PFOA experienced changes in hepatic enzymes.and lipid metabolism. These effets have ben observed in rodents exposed (0 PFOA.
Setting: PFOA production plant- 3M Chemolite plant in Cottage Grove, MN
“Total # of subjectsin study: 115

Subject selection criteria: Participants were recruited fromall employees at the PFOA production plantwho were employed during the periodof 1985-1989.
Comparison group/populations All subjects potentially were exposed to PFOA. Therefore, differences.in mean values ofthe biochemical endpoints were compared.
Participation rate: Presumedtobe > 80%

Subject descriptions Mean sge = 39.2; mean body mass index = 26.9; 76% drank less than | oz. alcoholper day and 17% drank 1-3 oz. aloholAdy: 74 percent smoked.
Health effects studied: Possible cfectsof otalserum fluorine on levels of hepatic enzymes,lipoproteins, and cholesterol, including: serum glutamy! oxaloscetc transaminase(SGOT). scrum glutamy! pyruvic transaminase (SGPT), gamma elutamyl transferase (GGT),eholeserol, low-density lipoproteins (LDL), and high-densitylipoproteins (HDL)
Data collection methods: Participants completed a medical history questionnaire, were measured forheight 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 categoricsbased on job descriptions; however, those workers presumed to have littl or no PFOA exposure had totalserum fluorine levels 20-50 times higher than those levels reported in the general population, Therefore,workers were classified into groups by total scrum fluorine levels. Employees were placed into on of§roupsoftotal serum fluorine levels: <1 ppm, 1-3 ppm. >3- 10 ppm, >10+ 15 ppm, and > 15 ppm.
Measured or estimated exposure: Exposures were estimated. Total serumfluorine was used assurrogate measure for PFOA exposure.

Statistical methods: Stratified analysis, ANOVA, Pearson correlation coefficients, and linearmultivariate regression were used to evaluate associations between PFOA and biochemical endpoins,For stratified analyses, ANOVA procedures were used to assess differences in mean values. Age, bodymass index (BMI),alcohol use, and tobacco use were included inthe regression models as potential‘confounders. Number ofcigarettes smokedperday was used in the model asacontinuous variable ifmodel ft was improved compared with the model using categorical variables.

RESULTS

Describe results: The rangeof the serumfluorine values was00 26 ppm (mean 3.3 ppm).Approximately halfofthe workers fell into the > 1 - 3 ppm category, while 23 had serum levels < 1 ppmand 11 had levels > 10 ppm.

‘There were no significant differences between categories when analyzed using univariate analyses forcholesterol, LDL, and HDL. PFOA was, however, associated with HDL levelsin moderate drinkers. Inthe multivariate analysis, therewasnota significant association between total serum fluorine and.cholesterol or LDL after adjusting for alcohol consumption, age, BMI, and cigarette smoking. Therewere no statistically significant differences among the categories oftotal serum fluorine for SGOT,SGPT. and GGT. Increases in SGOT and SGPT occurred with increasing total scrum fluorine levels inobeseworkers (BMI= 35 kg/m). No workers reportedhepati disease diagnosesorsigns,orsymptoms.consistent with hepatic disorders. No clinical casesofliverdysfunction associated with PFOA exposure.were found in these workers.

Studystrengths and weaknesses: PFOA was not measured directly and thereis no exposureinformation provided on the employees (cg. lengthof employmentiexposure). The authors state that no.adverse clinical outcomes related to PFOA exposure have been observed in their employes; however, itis not lear that there has been follow-up of former employees. [n addition, the standard deviationsreported for the liver enzymes were very high for many of the exposure categories, indicating instabilityin the results. Many participants in the study were employedin productionofcompounds other thanPFOA.

Research sponsors: A NIOSH grant and the 3M Medical Department
Consistency of results: There are no other known studiesofthis 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 effect of alcohol use and obesity on hepatic lipid and xenobioticmetabolism.
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REFERENCE

Gland. F.D. andJ.S. Mande. 1996. Serum perfluorooctanoicacidand hepaticenzymes,lipoproteins,and cholesterol: Astudyofoccupationallyexposed men. Am. Journalof Industrial Medicine, 20: 560.568.
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EPIDEMIOLOGIC DATA
Title: An Epidemiologic Analysis of Episodesof Care of3M Decatur Chemical and Film PlantEmployees, 1993-1995
TEST SUBSTANCE
entity: POSF-based chemical used at the Decatur plant
Remarks: Episodesof care analyse ae not often used in occupational epidemiologic studi.
METHOD
Studydesign: Episodeofcarecomparison

ManufacturingProcesing/Use: The 3M Decatur, Alabama plant began production in 1961. It is madeupof he film plant and the chemical plant. The 3 major produc groups in th chemical plant areprotective chemicals, performance chemical, and fluoroelstomers. PerTuoroactanesulfony! fuoride(POSE) i the majo sulfonate fluorocherical manufactured at Decatur and 1 wd as the precursor vo heproduction ofa varietyofperfluorinated amides, alcohols, acrylacs, and ther uorochermical polymers
Hypothesis testeds To use episodesof cars methodology a a screen for morbidity outcomes associatedwith long-term, high exposure o POSF-based productiona the 3V facility in Decatur. Alabarm
Study period: Episodesof care experience of 652 chemical employes and 659 film plan employeeswere analyzed for workers at the plant wha ere employed fo at east | ycar between January 1. 1995and December 31, 1995
Setting: 3M plant in Decatur, Alabama
“Total population: 1311 workers were eligible fo the cohort at east 1 year ofemployment atthe plan),The total worker population ws not reported.
Subject selection criteria: All workers employeda the Decatur plan for at feat 1 year beeen Jan. 1,1993 and Dc. 31. 995. Episodesofcare were limited to their Decatur meof amployment foremploys hired, terminated, or died during the study period. However, recordsof employees onMedicare, long-term disability or who chose HMO coverage were not i the database and would not beincluded inthe episodes ofcarefo that ployee
‘Comparison population: Chemical and film plan employees were analyzed separatly and thencompared to cach other. Employee comparison groups were defined according to thei potentialWorkplace exposure to POSF fluorochemical production. GroupA+ all chemical plant employees and alfilm plant cmployces eligible for the cohort. Group B: all chemical plant employes who worked solelyin the chemical plant and al fm plant employees wh worked exclusively in he fim plant. GroupC.all chemical plant employes with high luorochemical exposures compared herjo counterpars inthe film plant. Group D: al plant workers with high fluorochcmical exposure fo a east 10 years prior10 the study onset compared to ther job counterparts in th fm plan
Participation rate: 97% of Decatur employees were eligible for participation in the study.
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Subject description: 829% ofthe cmployces in the cohort weremale (S30i the chemical plant and $55in the film plant). The mean age was 45.1 in the chemical plant and 48.6 in the film plan. Sixty percentofthe chemical plant employees hadworkedonly in the chemical plant anda similar percentage offilmplant workers had worked exclusively in the film plant. Seventy-six percent of the chemical plantworkers had high exposure jobs.

Health effects studied: Morbidity. Based on animal data and epidemiologic studics on PFOA andPFOS, certain episodesof care were considered a priori. They included: liver and bladder cancer.endocrine disorders involving the thyroid gland and lipidmetabolism,gastrointestinal disorders of theliver and biliary tract, and reproductive disorders.

Data collection methods: The Clinical Care Groups episodeofcare software developed by Ingenix, Inc.was used to providea comprehensive grouping ofallvisits (inpatient and outpatient, procedurcs,ancillary services, and prescription drugs used i the diagnosis, treatment and managementof morc than400discases or conditions. The software code constructs an episodeof carearound the index-cligiblerecord by searching backward and forward in time for the health claims records that are related to thedisease or condition on the index record. The index record consistsof either procedure codes indicative.ofa face-to-face encounter or apharmacy recordfor adelineating drug.
Exposure period: The episodesofcare that were included inthe study were those experienced betweenJan. 1.1993 10Dec. 31, 1995.

Description/delineationof exposure groups/eategories: Workers were placed into groups according topotential workplace exposures: workers who were employed solely in the chemical or film plants, thosewho had high exposure jobs, and those who worked at east 10 years in jobs with high potential forMuarochemical exposure.

Measured or estimated exposure: estimated basedon job history information.
Exposure levels: Not measured. Employees were placed into exposure categoriesbasedon job.description.

Statistical methods: A risk ratio episode ofcare (RREPC) provided the estimate of risk between theobserved to expected episodesofcare for chemical plant employes compared to the observed toexpected episodes ofcare among film plant employees. The expected number ofepisodes of care for boththe film and chemical plant employeswascalculated from health claims dataof the 3M manufacturingpopulation in the U.S. Because the chemical and film plant cohorts had slightly different age and genderstructures, anadjusted ratiowascalculated and compared to the unadjusted risk rato. In most cases, therisk ratios were comparable. Therefore, 95% confidence intervals were only calculated for the unadhustedrisk ratios

Other methodological informations 1tshould be noted that from an epidemiologic perspective, anepisodeofcare could represent any and al incident cases. prevalent cass, and/or misclassified cases(both fas positive and fase negative). In addition, types and countsofepisodesofcare may differ bythe software used, and iti possible that 2 different diagnosesmay be assigned to the same cpisode.‘Certain services, such as ab procedures and prescriptions may not be reported for the episode. Also, theendpointofan cpisode may vary among software programs. The clinical flexibility of the algorithm maydiffer depending on the software program,
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Describe results: The only increased iskof episodes for the conditions ofa prior interest were forneoplasmsof the male reproductive system and for theoverall category of cancers and benign growths(which included cancerof the male reproductive system). There was an increased riskofepisodes for theoverall cancer category for al4 comparison groups. The risk ratio was greatest in he group ofcmployees with the highest nd longest cxposures to fuorochemicals (RREPC - 1.6, 95% C1 - 1.22.1).Tncreased riskofepisodes in long-time, high-cxposure employees also was feported for male reproductivecancers (RREPC 0.7, 95% CI = 1.1 - 458). It should be noted that the confidence interval fs very wideFor male reproductive cancers and the sub-<ategory of prostate cancer. Five episodesof care wereobserved for reproductive cancers in chemical plant employees (1.8 expected),ofwhich4were prostatecancers. One episodeofprostate cancer was observed in film plant employees(3.4 expected). Thisfinding is important because an cxcessinprostate cancer mortality was observed inthe Cottage Groveplant mortality study. However, the update ofthe study did not confi this finding.
“There was an increased riskof episodes for neoplasms of the gastrointestinal tract in the high exposuresr0up (RREPC 1.8, 95% C1 = 1.2-3.0) and the long-term employment, high exposure group (RREPC =2.9,05% CI'= 1.75.2). Most ofthe cpisodes were attributable to benign colonic polyps. Similarnumbers of episodes were reported in film and chemical plant employees.
In the entire cohort, only 1 pisodeof care was reported forlivercancer (0.6 expected) and | for bladdercancer (1.5 expected). Both occurred in film plant employees. Only 2 cases ofcirrhosis ofthe liver wereobserved (0.9 expected), both in the chemical plant. There was greater riskof lower urinary fretinfections in chemical plant cmployees, but they were mostly due {0 recurring episodesofcare by thesame employees. Its difficult to draw any conclusions about these observations, given the smal numberofepisodes reported.
Chemical plant employes inthe high exposure, long-term employment group were 2 % times more likely10 seck care for disordersofthe biliary tract than their counterpart i the film plant (REC. 2.6, 95%I= 1.25.5). Eighteen episodes ofcare were observed in chemical plant employees and 14 in fim.plant workers. The sub-categories tha influence this observation were cpisodesofcholelithiasis withacute cholceysits and cholelithiasis with chronic or unspecified cholecystitis. Mostof the observedcases occurred in chemical plant employes.
Risk ratiosof episodesof car for endocrine disorders, which included sub-categoriesofthyroid discase,diabetes, hyperlipidemia, and other endocrineo nutritional disorders, were not elevated in thecomparison groups. Corlitions which were not idenifid a prior but which excluded the mull hypothesisin the 95% confidence interval for the high exposure, long-term employment group included: disorders ofthe pancreas, cysiiis, and lower urinary trac infections.
Studystrengths and weaknesses: See “other methodological information” section for imitations ofepisodesof care software. The results of this study should onlybeused for hypothesisgenerationAlthough the episode ofcare design allowed fora direct comparisonof workers with similardemographics but different exposures, ther are many limitations to this design. Episodesofcare arereported. no disease incidence; therefor, his parameter cannot be interpreted in any other manner, Thedata are difficult 0 interpre because a large RREDC may not necessarily indicate high riskof incidenceofdiscase. In addition, manyofth isk ratios for episodesofcare had very wide confidence intervals,The analysis was limited to 6 years. Also, the wilizationofhealth care services may reflect local medicalpractice patterns. Individuals maybe counted mre than once in the database because they can bocategorized under larger or smaller disease classifications. Episodesofcare may include the same
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individual several times. Notall employees were included in the database, such as those on long-termdisability.

Research sponsors: 3M Company

‘Consistency of results: No other morbidity studies have been conducted on fluorocheicals.
CONCLUSIONS
“This study should only be uscd for hypothesis generation regarding workers employed at the Decaturplant who are employed in jobs with high exposure to POSF-based fluorochemicals
REFERENCE
Olsen, GW. Burlew, MM, Hocking, BB, Skratt, JC, Burris, JM, Mandel, JH. An epidemiologic analysisofepisodes of careof 3M Decatur chemical and film plant employees, 1993-1998. Final Report. May18,2001
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Title: A Cross-sectional analysisof serum perfluorooctanesulfonate (PFOS) andPerfluorooctanoate (PFOA) in relation to clinical chemistry, thyroid hormone, hematology, andurinalysis results from male and female employee participantsofthe 2000 Antwerp and DecaturNuorochemical medical surveillance program

TEST SUBSTANCE

Identity: PFOS, PFOA

Remarks:

METHOL

Study design: cross-sectional

Manufacturing/Processing/Use: Facilities in Decatur, Alabama and Antwerp, Belgium which‘manufacture perfluorooctanesulfonyl fluoride products. These fluorochemicals can metabolizein the body to PFOS.

Hypothesis tested: To provide an aggregate analysis of the hematology, clinical chemistries,and hormonal parameters of volunteer 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 500 Decatur employees working in thechemical plant area were eligible for inclusion in the surveillance.
Subject selection criteria Voluntary participation in medical surveillance program in Y200.
“Total # of subjects in study: 255 Antwerp employees (206 male and 49 female) and 263Decatur employees (215 male and 48 female).

Comparison population: N/A

Paricipation rate: 75% of employees at the Antwerp plant and 50%of the employees ai the‘Decatur plant who were eligible participated. 73%of the participating Antwerp male employeesand 75% of the Decatur employees were engaged in production activities. Only 12% of theparticiparing Antwerpfemale employees were engaged in production activites compared 10 63%of the Decatur female employes.

Subject description: Male Antwerp employees had lower PFOS and PFOA levels, weresignificantly younger than Decatur male employees, had lower BMI, worked fewer
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‘years, had higher self-reported daily consumptionofalcohol, had lower mean alkalinephosphatase, GGT, AST, ALT and triglyceride values and higher total bilirubin and HDLvalues. Comparable results were observed for Antwerp female employees vs. Decaturfemales.

Health effects studied: To determineif there were differences in the following parametersbased on PFOS/PFOA levels: hematology (hematocrit, hemoglobin, RBCs, WBCs, plateletcount). clinical chemistries alkaline phosphatase, gamma glutamy! transferase, aspartateaminotransferase, alanine aminotransferase, total and direct bilirubin, blood urea nitrogen,creatinine, glucose, cholesterol, low density lipoproteins, high density lipoproteins, andiglycerides), and thyroid hormones (thyroid stimulating hormone, serum thyroxine, freethyroxine, serum triiodothyronine, thyroid hormone binding ratio, and free thyroxine),
Data collection methods: Medical questionnaire, work history questionnaire, blood serasamples. measurements of height, weight, and blood pressure, urinalysis (Decatur only),and standard clinical chemistry and hematology tests, thyroid hormone measurement, andpulmonaryfunction tests. Values usedfor reference ranges were not provided,
Details on data collectionsThesite-specific work history questionnaire was administered to alparticipants. The data were self-reported. Questionnaire conten, design, administration, cic.were not provided in this report. Data on blood collection (amount, etc.) not provided.Urinalysis was only assessed for Decatur employees via standard urine microstick analysis whichtested forurineglucose, albumin, and RBCs.
TSH, free T4 and T3 were determined by immunochemiluminometric assay. T4 and THBRwere determined bya cloned cnzyme donor immunoassay. FTI was calculated by multiplyingT4and THBR.

Sera samples were extracted using an ion-pairing extraction procedure. In addition to PFOA andPFOS, the extracts were also analyzed for PFHS. PFOSAA, PFOSA, and M536
(perfluorooctanesulfonamidoacetate) using high-pressure liquid chromatography electrospraytandem mass spectrometry and evaluated versus an extracted curve from a human serum marix,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/delineation of exposure groups/categories: Workers were stratified by plantlocation as well as by serum PFOS distribution, production status (production vs. non-productionworkers), and gender.

Mean serum PFOS levels for all employees participating in this study at Antwerp (n = 206) andDecatur (n = 215) were 0.96 and 1.40 ppm, respecively. Levels among production employees.were higher. At Antwerp, the mean PFOS levelofmale production employees was 1.16 ppmand 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 wer higher. At Antwerp, the mean PFOAlevel of male production employees was 1.28 ppm and 2.34 ppm at Decatur.

Measured or estimated exposure: Serum PEOS and PFOA levels were used to estimateexposure.

Statistical methods: Descriptive simple and stratified analyses, Pearson correlation coefficients,analysisofvariance. and multivariable regression were used to evaluate associations betweenPFOS and PFOA and cach hematological and clinical chemistry test and thyroid hormone assay.For stratified analyses, employees were divided into quartiles of thir serum PFOS distribution,Potential confounding factors considered in the analyses included: age, BMI, alcoholconsumption, cigarette usc, years worked at cither plant, andtype ofjob.
Multivariable regression models were fitted with PFOS/PFOA analyzed as continuous variables.Natural log transformationsof the dependent variables were performed, when necessary, tonormalize 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 thoseanalyses were ratified by gender and production status. They were placed into quartilesdepending on production status. Therefore, the PFOS values in the quartiles are different formale production, non-production, and female employees. In addition, these analyses are notappropriate for PFOA.

Antwerp

‘The mean PFOS level for all employees at ths 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 0.42ppm for non-production employees. The mean for female cmployecs.was 0.13 ppm.

Mean PFOA serum levels wer 1.03 ppm for all male employees at the Antwerp plant. Male
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production employees had higher mean serumlevels (1.28 ppm) than non-production employees(0.34 ppm). These values were significantly different between plants. Female employees had amuch 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 femaleemployees 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), 03(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 scrum PFOS level was 2.61PP (range 1.76-6.24 ppm) and the lowest was 0.29 ppm (range 0.04 — 0.41 ppm). Productionemployees in the highest quartile were significantly (p < .05) older and worked more years atAntwerp than employes in the lowest quartile. The only difference in clinical chemistries forproduction workers was in BUN. When compared by quartileofserum POS distribution, nosignificant (p <.05) differences among male production employees were observed for thyroid(TSI. T4. free T4, T3, THBR, FTI) or for hematology (HCT, HGB, RBC, WBC, platelets). Thesame held rue for non-production employees (n = 56).
Forall female employees, BUN was significantly different (higher) between I* quartile and 3and 4"quartile. Thyroid and hematology results were not significantly different between any ofthe quartiles 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 0.73ppm for non-production employees. The mean for female employeeswas 0.93 ppm. 75%of male employees worked in production jobs (n = 161) and 63%of femaleemployees worked in production jobs.

“The mean PFOA serum level for all male employees at the Decatur plant was 1.90 ppm. Maleproduction employees had higher mean serum levels than male non-production employees (2.34ppm and 0.59 ppm, respectively). These values were significantly different between plantsFemale 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 a theDecatur plant whoworked at production jobs.

Male production employees were placed into the following quartiles based on PFO levels: QI(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), Q4 (mean, 3.22 ppm; range, 2.31 - 10.06 ppm).
When male production workers were placed into quartiles, theonlysignificant (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, platelets), or urinalysis (albumin, blood,sugar),

For female employees (both production and non-production employees), there were nosignificant differences among quartiles for demographics, thyroid, hematology, or urinalysisexcept 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 rangefor hepatic clinical chemistry tests and liver enzyme and bilirubin tests, there was a higherpercentageof male Decatur production workers in the highest PFOS quartile for ALT, GGT, andtotal liver panel than the other quartiles. Most notable were the results for ALT where 8% ofemployees in the lowest exposure group (Q1)and 28% in the highest exposure group (Q4) hadvalues above the reference range, while the percentages for total liver panel (which includesalkaline phosphatase, AST, ALT, GGT, and total and dircet bilirubin) were 18% and 35%.respectively. This trend was not evident in Decatur non-production employees (although the nwas only 54), in Decatur females,orin any ofthe Antwerp employees. However, cach sub-population hada different serum PFOS quartile distribution. Therefore, they cannot be directlycompared.

Analyses combining employees from both plans

When clinical chemistry resultsofall male employees from both plants were combined (bothproduction and non-production) (n = 421) and placed into quartiles (n = 105 per quartile), meanvalues 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). I should be noted that the number ofAntwerp production employees were evenly distributed among the quartiles while this was notthe case for Decatur employees. The highest number of Decatur employees was in the 4”quartile. In addition, overall the employees in the 1* quartile were slightly younger, had a lowerBMI, and worked fewer years than employees in the other quartiles.
‘Thyroid results for this same group indicated that T3 was significantly higher (p <.05) andTHBR was significantly lower (p < 05) in Q4 than QI. In female employees combined for bothplants (n = 97), alkaline phosphatase and GGT were significantly higher (p< 03) and totalbilirubin significantly lower in Q4 than in Q1. Most of the Decatur female employees worked inproduction jobs while mostofthe Antwerp females worked in non-production jobs. Therefore,Qa was 929% female production workers and allof them worked at the Decatur plant
“The combined plant data were analyzed for employees who had values above the reference rangefor alkaline phosphatase, AST, ALT, GGT, and total iver panel. For male employees for all ofthese measures, the levels increased from Q1 10 Q4. In QI, 4% ofthe employees had valuesabove the reference range for ALT and 6% for GGT, while 12% was reportedforQ4 for both ofthese tests. For total liver pan, 14%ofthe employees had values above the reference range in

162

000Cs1 162



Q1 as compared t0 23% in Q4. The numbers of female employees with values above the
reference range was very small (n = 8)

PFOSand PFOAanalyses

‘Theabove data were not adjusted for potential confounders; therefore, multivariable regression
analyses were conducted. Therewas a postive significant (p = 04) association between PFOS
and cholesterol and also a positive significant (p = 05) association between PFOA and
cholesterol. When both POS 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 riglycerides (p = 0009). No significant
associations were observed with POS, 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 (p = 04) association between T3 and PFOS was observed. Plant
location was highly significant (p-< 0001) in the model. BMI, cigarettes/day. alcohol/day 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,aswell as the other thyroid hormones, were not significant in the regression
analyses. Mostof the thyroid hormones, including TSH, T4, THBR, and FTI, were not
significantly associated with PEOS, PFOA, or TOF. However, PFOS, PFOA and TOF were
positively associated (p= .04, 01, and 004, respectively) with T3.

Study strengths and weaknesses: Cross-sectional design, voluntary paricipation, 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 a 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 thoseof the 1995 and 1997
cross-sectional medical surveillance data, in that all ofthem conclude that there were no
significant abnormalities in hematological and clinical chemistry parameters of the 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.
cannot be compared. A longitudinal analysis of these 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 Decaturfuorochemiecl production and non-production employees do not have significant changes inserum cholesterol, lipoproteins, or hepatic enzymes hat are consistent with toxicologicalfindings in laboratory animals. However, the study weaknesses should be considered
REFERENCE
Olsen GW, Burles MM, Buris JM, Mandel JH. October 11, 2001. A cross-sectional analysisof serum perfluorooctanesulfonate (PFOS) and perfluorooctanote (PFOA) in relation o 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 Departmen.
Last updated: 429/02
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EPIDEMIOLOGIC DATA

“Title: A Longitudinal Analysis of Serum 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:

ETHOD

Study design: longitudinal

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

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

Study period: Therewere 3 ime 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 oneofthe 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 all 3 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 anda
higher daily consumption ofalcohol 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, IU/L), aspartate aminotransferase (AST, IU/L), alanine
aminotransferase (ALT, IU/L), otal and direct bilirubin (mg/d). Demographic data collectedvia 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 methods ofanalysis differed slightly cach year. In 1994/95, the method used
tetrabutylammonium to fon-pair with PFOS and PFOA in the scrum. The ion-pairs were then
extracted with cthyl 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 chromatoreraphy/mass spectrometry, using selected fon monitoring in
the negative-ion mode. In 2000, sera samples were extracted using an jon-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/delineationof exposuregroups/eategories: The groupsofemployees were
stratified into subpopulations A, B, and C. “A" was comprisedof the employees who
participated in all 3 years ofsurveillance, “B” contained those employees who participated in
1994/95 and 2000, and “C” contained those who participated in 1997 and 2000.

Measuredor 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 142 ppm 185 ppm

2000 116 ppm 1.67 ppm

Viean PFOA levels in Males
Antwerp Decatur

199495 1.08 ppm 1.90 ppm
1997 154 ppm 1.41 ppm

2000 1.43 ppm L83 ppm
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Statistical methods: repeated measures incorporating the random subject effect fitted to-a
mixed model using SAS. Restricted maximum likelihood estimates of 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.
drinks 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, this provided an
opportunity to undertake a longitudinal assessment.

RESULTS

Describe results:

PFOS 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 subcohorts (those who participated in 2 or more medical exams between 1995
and 2000), Antwerp and Decatur employees in each of the 3 subohorts had lower mean serum
PEOS levels in 2000 than at theiryearof entry.

‘When analyzed using mixed model multivariable regression and combining Antwerp and
Decatur employees, there was no association between PFOS and serum cholesterol or
wiglycerides 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 compared by surveillance year, PFOA levels in the
employees participating in medical surveillance at 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 subcohorts at
the Antwerp plant. However, among the 3 Decatur subcohort, mean PFOA levels tended to.
increase.

When analyzed using mixed model multivariable regression and combining Antwerp and
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 employes (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 wasalso statistically significant (p =
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02) for subgroup B (employees who participated in biomonitoring in 1994/95 and 2000). Therewas nota significant association between PFOA and triglycerides among Decatur workers,
There were no significant associations between PFOA and changes over time in HDL, alkalinephosphatase, GGT, AST, ALT, total bilirubin, and direct bilirubin.
Total Organic Fluorine (TOF) results
When analyzed using mixed model multivariable regression and combining Antwerp andDecatur employees, there was a statistically significant positive association between TOF andserum cholesterol (p = 007) and triglycerides (p = .008) over time. However, the interaction{erm with ime (years) was not significant. This association was more consistent for Antwerpemployees than Decatur employees.
Study strengths and weaknesses: Study limitations include the following1. a very small numberofemployees participatedi all 3 study periods (only 24%, n = 41)2. different labs were used cach year for analysis and different analytical techniques forPFOS and PFOA

3. could not analyze female employees due to small numbers4. PFOS levels in employees are decreasing over time while PFOA levels are increasing5. PROS and PFOA serum levels in employees are below those causing effects in laboratoryanimals
6. mean serum PFOS and PFOA levels were significantly lower in Antwerp employees thanDecatur
7.. more Antwerp employees than Decatur participating in this study (57%vs43%)8. there are several consistent differences between the Antwerp and Decatur malepopulations (eg. statistically significant differences in BMI, age, consumption ofalcohol,and differences in chemistry profiles)
9. only | measurement at certain point in time was collected for each clinical chemistryest
10. other perfluorinated chemicalsare present in the plants11. all participants were volunteers

Research sponsors: 3M

Consistency of results: This is the first longitudinal analysisofthe surveillance data and willprobably not be repeated,

The positive association between PFOA and serum cholesterol and triglycerides is not consistentwith 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's Cottage Grove facility wherePEOA serum levels in workers arc much higher than at the Decaturor 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 didnot show significant changes, consistent with toxicological data,of lipid or hepatic clinicalchemistry values associated with PFOS. A positive statistically significant association wasobserved between PFOA and cholesterol and triglycerides. When analyzed by plant and also bysubcohort, these associations were limited to the Antwerp employees and, in particular, the 21Antwerp employees who participated in all 3 surveillance years. The limitations discussed aboveshould be considered when interpreting these result.

REFERENCE
Olsen, G.W.. Burlew, M.M, Burris, LM., Mandel, 1H. A Longitudinal Analysis of SerumPerfluorooctanesulfonate (PFOS) and Perfluorooctanoate (PFOA) Levels in Relation to Lipidand Hepatic Clinical Chemistry Test Results from Male Employee Participantsofthe 1094/05,1997. and 2000 Fluorochemical Medical Surveillance Program. 3M Final Report. October 11,2001

OTHER

Last updated on: 5/7/02
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GENETICTOXICITY STUDIES
Tile: An Assyof Cell Transformation and Cotxiiy in C34 107 4Clonal Cell Line for the TesChemical T2942 CoC
TEST SUBSTANCE
entity: T:2942 Coc
Remarks: Whit powder dissolved in DMSO; compostion and pity not indicated
METHOD
Method/Guideline followed No guideline number specifi
Test types Cytotoxicity and eel ansformaton
Test system: Mouse embryo oblast
Gr No
Year study performed: 1950
SpeciesStraiaicllypelel line: Cellsof the C3H 107-172 clone§
Metabolic activation: None
Concentrations ested: 01,10, 10,50, 100,200 gin,
Statistical methods usd None:
Remarks: The test mata was disolsd in DMSO and <205 ofthe solution was added fo th clesrowing in Eagle Busal Medium (BME). Benzolapyrensanddi-cpoxy tans ser vet a posicontol and DMSOas. solvent contol. Priori th performance af he reformation say. doo angea wer obtained i he form of cietyease a1 xpress bpai (ms) chenThe approximate in vito LDSO cytotoxicity oss was chosen sie medi dosfo he se steransformation poten ofthe est chemical. Tho dansfomtion sey wa performed 1s homesassessmentofcel anstormaton in the colony mode (pha 1 and determination of 1) ane mionPotenil (hase 2) Pras 1 wa performed in i elec. The cst shemales remed 3 ponslr aplication and th cules wre ref very 3 days or 141 17 doy. Pes war mashed, on,and sind at 14 days to score for transformation: Phase 2 was 10 performedmphpods(11010. 30d 100 g/mL) with butadiene eponid sa postive conver In pst 3 rotceprocesseda 38 digs afr removal ofhe et substance

RESULTS
Overall transformation results: Negative
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Cytotoxic concentration: approximate LD= 50 gL.
Statistical resus: None
CONCLUSIONS

hers was no evidence of ransformation observ at any ofthe dose eves ested ster the colony orfoc assay methods
REFERENCE
Gary, V.F. and RL. Neon. 1981. An Assayof Cell Transformation and Cytotoxicity in C3H 10.5Clonal Coline for ih Tex Chemical T-2543 Coc. 3M Company. St. Po A
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Tiles Mutagenicity Test on T6564 nan Fi MorseiromAsay
TEST SUBSTANCE
deni: T6564
Remarks: ls, colores ids composiion and pry ot cists
METHOD
Methou Guideline followed Procol No.5, Edition 17, mie for3 Corporsion
Test ype: vivo mouse micronucleus assay
Lp: ves
Vear studyperformed 1995
SpeciuStain: Mouse CHLCD-IE(CRIBR
Sex Male and fale
No. animals/sex/dose: Five (micronucleus assay), Three (range-finding studies)

Vehicte if wed: Deionized ter
Route of administration: Ors eve
Doses:Dose Selection Study: 1000 1510. 201, 2540, 3010 meDoss Seton Stuy T1010, 1520, 2020, 2530 mgsMicronucius Asay: 495,995, 1990 meg
Frequencyof treatment: Once
Statistical methods vd: Analysisof rian; Dunn's st

Remarks: The nialbody weight ofthe animals was 22.4 - 28.3 for feral and 310-31. forales theragewas § weeks. Dosing wa acid wings solno Iomg sed on presof th dose Slcion study. the mama oleate dos wa sstimated 155000 Eke. A sii om,ining deionized war, and 3 Josie como, ing cyclophosphamide 1 50 mg, we lemme,Animals wre scrificed 24,4, and 72 hour 36r dosm and bone MO as vraidosides and sted with May-Grunvald solution and Gionss ior os. TheSd rt cade foranalysis. and scored fo micronel ad he plyehoniticybrocyte(RCE) 0 mormochvomhoc (NCE) el at. On hosand ECE pr anil wre wed
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Effect on mitotic index or PCEINCE ratio by dose level and sex: Negative
Genotoxie effects (unconfirmed, dose-response, equivocal): Negative
Statistical results: Negative:

Remarks: All animals in the micronucleus est group appeared normal immediately after dosing;however. one male from asecondary dose group was found dead 22 hours after dosing. Allother animalsappeared normal. The positive control induced significant increases in micronucleated PCE as comparedto the vehicle control
In the dose selection studies, there ware mortalities a the 1510, 1520, and 300 mg/kg dose levels. Clinicalsigns oftoxicity in the dose selection studies were hunched posture, hypoactivity, and rough hair coat.

“The test article did not inducea significant incase in micronuli in bone marrow polychromaticerythrocytes and is considered negative in the mouse micromicleus assay.
REFERENCE

Mur, H. 1996. Mutagenicity testonT-6564 in an invivo mouse micronucleus assay. Study number17750-0455. 3M Corporation, St.Paul, MN,
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Tite: Mutagenicity Test on T-6564 Measuring Chromosomal Aberrations in Chinese Hamster Ovary(CHO) Cells: witha Confirmatory Assay with Multiple Harvests
TEST SUBSTANCE

Identity: T-6564, also referred toas L-13167 and FC-1015-X.
Remarks: The specific gravity ofthe est substance was 1.22 gn. Substance was a clear colorlessliquid

METHOD

‘Method/Guideline followed: Protocol No. 437C, Editon4wasmodified for 3M Corporation
Test type: In vitro cytogenetics
Test system: Chinese hamster ovary calls in culture
Gey

ear study performed: 1996
Species/Strain/cell-typeeell line: Chinese hamster ovary celsipermancnt cell line supplied by Dr, §.Wolff. University of California, San Francisco. Cell line had an average cycle timeof 12 © 14 hours,Modal chromosome number was 21.
Type of metabolic activation used: Aroclor 1254 induced ra iver $9 homogenate, 15.0 uml, plusNADP ar 1.5 mem and isocitric acid at 2.7 mg/m.
Concentrations tested:
Rangefinding

0.169.0.508, 1.69,5.08, 16.9, 50.3, 169, 508, 1690, 5080 pg/ml(both with and without activation)Initial study
Without activation: 62.5, 125, 250, 500, 1000, 1500, 2000 pgmWith activation: 250, 500, 1000, 2000, 3000, and 4000 pgm!Confirmatory study
Withoutactivation/20.1 hours: 100,200, 400,600, 800, 1000, 1200 g/mlWithout activation/dd.2 hours: 50, 100, 200, 400, 600, 800, 1000, and 1200 pgm!With actvation20.1 + 44.2 rs: S00, 1000, 1500, 2000, 2250, 2500, 2750, and 3000 ug/ml

Test conditions:

Numberofcell: In the main studics (both with and without activation), cells were cultured for about 24hoursbefore treatment byseeding about1.2 x10° calls for the 17.8hourassay and 0.8 x 10° cells for the4.2 hou assay. The culture medium used was McCoy's Sa culture medium supplemented with nutrientsand antibiotics,
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Negative Controls: Inthe nonaciivtion assays, negativecontrols were cultures with cells and culturemedium only. Solvent controls contained only the solvent for the test article, sterile deionised water at10.0 ulmi. In the activation sudics, negative and solvent controls were the Same as those inthenomactivation studics but also included the $9 activation mix
Positive Controls: MitomycinC was used for nonacivaton studies. Cyclophosphamide ws used in theactivation studies

Only cells with 21 + | centromeres were analyzed. One hundred cells from each replicate culture oftreatment groups and negativeand solvent control groups were analyzed. At least 25 cells rom thepositive contol cultures were analyzed.
Inthe main study (afer range-finding study was completed), both inital and confirmatory sudics weredone

Statistical methods used: Fisher's ExactTest (Sokal and Roblf 1981)was used to compare the percentof ces with aberrationsincach ramet group wih the control group. Lincar tren texts of increasingnumbersof cells with aberrations with increasing dose were also donc. Tess were considered fo besignificant a ap valueof < 0.01

RESULTS
Overall results:

(1)Without activation —

Initial ral negative (no significant increases in lls with chromosomal aberrations observed atconcentrations tested)
20.1-hour confirmatory study — negative (no significant increases in cells with chromosomalaberrations observed at concentrations tested.)

4.2-hour confirmatory study- negative (no significant increascs in cells with chromosomalaberrations of polyploidy were observed at concenations tested)
2) With activation

Initial ral negative (no significant increases in lls with chromosomal aberrations observed atconcentrations tested )

20.1-hour confirmatory study -positive (a significant increase in cells with chromosomalaberrations wasobservedat 2500 g/m.)
4.2-hour confirmatory study~positive (significant increase in cells with chromosomalabermations was observed ut 2750 g/ml. Also,a significant increese in polyploidy was observedin cultures dosed with 2250, 2500, and 2750 g/m.)
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Genotoic effects: Positive result for chromosomal aberrations at two concentrations (2500 and 2750ug/ml) in the presenceofactivation. Positive for polyploidy and endoreduplication in the presence ofactivation

Cytotoxic concentrations: In therange-findingstudy, complete cytotoxicity was observed in culturesdosed with S080 ug/mi (both with and without activation). The lowest doses at which cytotoxic effectswere seen in the main study were:
Without activation

Initial - 00 ug/ml
20.1-hr confirmatory - 600 ug/ml
44.2-br confirmatory~ 400 pg/ml

With activation
Initial ~ 2000 pg/ml
20.1-hr confirmatory- 2000 g/ml
44.2: confirmatory - 2250 ig/ml

Statistical results: Two concentration inthe main study (2500 and 2750 ug/ml) showed significantlyrater numbersofchromosomal aberrations.
Remarks: Statistical significance was judged using a rule that was stricter than usually used to judgestatistical significance (i.., p < 0.01 was used rather than p < 0.05.) No information was available todetermine whether chromosomal aberrations were significant at p < 0.05,
Inthe initial tial without activation, mitorc index reductions were 25%, 30%, §7%, and 96% at doses of125,250, 1000, and 1500 g/m, respectively when compared with solvent controls.Chromosomal aberrations were analyzed from cultures dosed with 125, 250, 500, and 1000 g/m. In theinital trial with activation, a mitotic index reduction of 2% was scen at 250 ug/ml when compared withsolvent controls. Chromosomal aberrations were analyzed from cultures dosed with 250, S00, 1000, and2000 pg/ml,

In the 20.1-hour confirmatory trialwithout activation, mitotic index reductions were 73%, 84%, and 95%at doses of 800. 1000, and 1200 ug/ml, respectively when compared with solvent controls. Chromosomal‘aberrations were analyzed from cultures dosed with 200, 40, 600, and 800 g/ml
10 the 44. 2-hour confirmatory tral without activation, mitotic index reductions were 12%, 61%, 639%, and92% at dosesof 50. 400. 600, and 800 ug/ml when compared with solvent controls. Chromosomalaberrations were analyzed from cultures dosed with 100, 200, 400, and 600 g/m.
nthe 20.1-hour confirmatory rial with activation, mitotic index reductions were 13% 38%, 15%, 11%,and 30% at doses of 1000, 1500, 2000, 2250, and 2500 ug/ml, respectively when compared with solveronirols. Chromosomal aberrations were analyzed from cultures dosed with 1500, 2000, 2250, and 2500ng

in the 44.2-hour confirmatory rial with activation, mitotic index reductions were 14%, 17%, 56%, and53% at doses of 1000, 2250, 2500,and 2750 pgm when compared withSolvent controls. Chromosomalaberrations were analyzed from cultures dosed with 2000, 2250, 2500, and 2750 g/ml.
“The authors describe the following deviations from the protocol - endoreduplication and polyploidy were‘analyzed separately because some doselevels showed increased endoreduplication and some showedincreased polyploidy.
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CONCLUSIONS

“The authors state that T-6564 was considered negative for inducing chromosomal aberrations in Chincsehamster ovary cells expect ata single dose level (with activation) that induced significant toxicity.
Remarks: Significant toxicity was observed inthe 20.1 and 44.2 h confirmatory trials with activation atthe highest concentrations tested. These twoconcentrations were also positive for chromosomalaberrations. Thesignificance of positive response in the presence of excessive toxicity is questionable,however.

Muri,H. 1996. Mutagenicity TestonT-6564 Measuring Chromosomal Aberrations in Chinese HamsterOvary (CHO) Cells: withaConfirmatory Assay with Multiple Harvest. Final Report. CorningHazleton Inc. CHV Study No.: 17750-0-437CO. September 16.
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Tite: Mutagenicity Test wit T-6564 in the Salmonella-Escherichia ColiMammalisn-microsomeReverse Maton Assay with aConfirmatony Assy
TEST SUBSTANCE
entity: T6564 alorefed08s L-13167 and FCI01S.X
Remarks: The substance was ler, colorless uid. No ober information was provided on he fstSubstance
METHOD

Method Guideline followed CHV Protocol 409R, Eiion4. Experimental methods nd mites werebased on Ames ta. (1975) and Green and Muriel (1976)
“Test types Salmonella Escherichia ColiMammalianmicrosome Reverse Mutation Assay witha.Confimatory Avy
Test system: Salmonella typhimurium and Escherichia col sins
Gury
Year study performed: 1996
SpeciesStrain/cellypelel line:
Salmonella typhimurium sins TASS, TALOD, TA1S3S, and TAIS37 rom Dr. Bruce Ames, Departmentof Biochemistry, University ofCalifornia, Berkeley.
Escherichia coi ssn W207 from National Collcion of Indust! Bactrs, Torey ResearchStaton. Scotland.
Metabolic activation: Aroclor 1254-induced rat liver $9 homogenate, pus NADP, 0,NaH.POUNaHPO. glucose-phosphae, KCLMEC,
Concentrations ested:
Rangefinding -

10 doses from 667 0 5000 plateMain sudy
100,333, 1000, 3330, S000 pg ple (ith an without activation)

Test conditions:
Numberofcells: Densityoftester strain cultures were > 0.5 x 10° bacteria per ml,

Negative (vehicle) comrols: These were plated forall str sain both in the presence and sbsence of$9 mix. Positive controls: These were uscd both i the presence and absence of she 89 mi: fonthermical were used depending on th Sin bin tse
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During the range-finding study, the growth inhibitory effect (cytotoxicity)ofthe test article to the testsystem was determined usingS. typhimurium strain TAL0D. Cytotoxicity was determinedtobe adecrease in the number of revertant coloniesperplate or thinning ofthe background bacterial lawn. Noeytotonicity was observed in therange-finding study.
During the main study, both initial and confirmatory studies were conducted.
The authors” criteria fora positive test result was (0 produce at least a2-or 3-fold increase (the amount.depends on the strain tested) in mean revertants per plate compared with the vehicle control. The increasehad tobe accompanied bya dose response for increasing concentrationsof the 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 mumbers of revertants per plate both with and without activation. In theconfirmatory assay, however,anon-dose responsive S-fold increas in numberofrevertants was observedin S. typhimurium strain TA1S37 in the absenceof S9 mix. Thisstrain was retested and all daa wereacceptable and no positive increases in numbers of revertants per plate were observed.
Genotoxic effects: A S-fold increase in revertants occurred in one strain (see Overall Result), but wasnot confirmed upon retesting.

Cytotoxic concentration: No eytotoicity observed in the range-finding test, and none was noted in themain study.

Statistical results: NA

Remarks:

Since the positive response seen with . typhimurium TALS37 occurred at oly one dose at the beginningofthe dose response curve and was not repeatable, the test agent, T-6564 is considered negative in this

CONCLUSIONS

The authors conclude that under the conditions of the study, T-6564 did not cause apositive increase inthe numberofrevertants per plateof any tester strains, cither in the absence of presence of the 9 mix.
REEERENCE

Lawlor. T.E. 1996. Mutagenicity Test with T-6564 in the Salmonella~ Escherichia ColiMammalian-microsome Reverse Mutation Assaywith a Confirmatory Assay. Coming Hazleton Inc. Final ReportCHV Study No: 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 other information was given on solubility or purity.
Remarks:

METHOD

Method/Guideline followed: Protocol No.: 449C0, Edition No.: 2, Modified for 3M Corporation
Test types i vitro 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 the S9 supernatant fraction ofhomogenates from livers of rats pretreated with Aroclor 1254 for the nonspecific induction ofmetabolizing 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 rial (without activation)—127, 253, 505, 1010, 1510, 2010, 2510 pg/mL;
Initial ial (with activation) — 253, 505, 1010, 1510, 2010, 2510, 3010, 4010 g/mL;Confirmatorytrial (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 tial (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 employedaCochran-Armitage test for linear trend andFisher's Exact Test (Thakur etal. 1985) to compare the percentageofcells with aberrations (and, ifapplicable. the percentageof cells with more than one aberration). polyploidy. and endoreduplication intreated cells with results from vehicle controls. Test article significance was established where p<0.01.All factors as stated previously were taken into account and the final evaluationof the test article was.based upon scientific judgement.
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Remarks:
Experimental Design

Human venous blood from asingle, normal, healthy male donor was drawn into sterile,Heparinized Vacutainers. Cultures were intitcd with 0.3 mi.ofblood/S mi. culture (dese range.finding assay) or 0.6mLof blood/10.0 mL culture (chromosomal aberrations assays) in 15 mL.centrifuge tubes. The cells were incubated at approximately 37°C on a slope, with loose caps, inan atmosphereof about $% CO» inair. The culture medium used was RPMI 1640 (RH.Biosciences) supplemented with 15% fetal bovine serum (FBS; Biochemed. Lots ES331,doserange:finding assay: Lot No.: T06024, chromosomal aberrations assay), 1% phytohemagelutinin(PHA-M:; Gibco). penicillin (100 unitsimL_; Quality Biologicals) and srcptomycin (100ug/mlQuality Biologicals). and 2mM L-glutamine (Quality Biologicals). Deionizedwater (Prepared atCHV. Lot 20) was the solventofchoice for this assay. The test article was dissolved indeionized water at a concentrationof 500 ma/mL. The test article solutions and the vehiclecontrol. deionized wate, were dosed with adosing volume of1% (10 ulmL) fo this assy.
Negative and Solvent Controls

In the nonactivation assays, negative controls were cultures that contained only cells and culturemedium. Solvent controls were culture that contained deionized water at he highest‘concentration used in test cultures (1% or 10.0 puL/mL). In the activation assays, the negative andsolvent controls were the same as described in the nonactivation assays, but with the $9 activationmix included.

Positive Control Agents
“Thepositive control agents, which were used in the assays, were mitomycin C (MMC; CAS# S0-07-7, Sigma, Lott 40H2508) for the nonactvation series and cyclophosphamide (CP: CASH60535-19-2, Sigma, Lot# 43H0269) in the metabolic activation seris, In the chromosomalaberrations assays, tree concentrations of MMC (0.08 and 0.10 g/m. initial and confirmatorytwials; 0.1, 0.2, and 0.3 ug/L, third trish) and CP (20, 30, and 50 gm) were used to inducechromosomal aberrations. Oneofthe dose levels was analyzedincach of the aberration assays.Both MMC and CP were dissolved in water

Range finding Assays
In these assays, cultures were initiated with0.3 mLofblood/$ mi. culture and were incubated for2days prior to treatment.

Assay Without Metabolic Activation
“The Iymphoeytes were incubated with the test article for 19.5 hours at ~37°C. The tes 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 harvested 20 hoursTater.

‘Assay With Metabolic Activation
In this assay, the lymphocytes were incubated with the test article for3 hours at <37°C in thepresenceof a at liver $9 reaction mixture ($9<15 limi, NADP = 1.5 mgm, and isocitric acid27 mg/m). The S9 fraction (Molccular Toxicology, Inc., Lot 0667) was derived from theliver of male Sprague-Dawley rats, which had ben previously treated with Aroclor 1254. Inorder 0 avoid possible inactivationofshort livedandhighly reactive intermediates produced by.ihe $9 enzymes through binding to serum proteins, the medium did not have FBS during the‘exposure period. After the exposure period, he cells were washedtwice with buffered saline.
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CompleteRPMI clture mdi was ddd 0 he cultures, whichwre incubated for 16. hoursColeamid® (inal concentration = 0.1 gm»whieh was ded or heft 2. hve to sesmeaphasc cel.
Asay Evasion

Mitotic index was analyzed from the surviving dose levels by analyzing the number ofmetaphases resent in 1000conseeuiv cls
Chromosomal Aberation Assay—With and Without Motboli ActivationTn hechromosomal aberration says, replica, Clues wre sed at eal dos eve and ornegative controls, posi control. and slvnt contol. The bration says reendedWilha 22.0 our harest me inth nil ria and wih 2.1 4d 46.0 hows arr pnes tcconfirmatory ras. Chromosomal aberrations were analyzed om th cues seud ms deIevls and fom oneof the psi contol dons
Abortion Assay Without Metabolic ActivationCultures wer nied2days priorto testment with 0.6 mLofwhole lood/10.0 mL culture in15 mL centrifuge bes Two daysaferclr nation,cls were regi te cp cistpredetmined concentrations or pproITAIC 19.3 and 433 hours. The ures were maneith buffered saline, Complete RPMI 1610 medium, containing 0.1 sgn. Coco waplacedbackont hecll. Two hours cr, thecal wre harvestand aiedic hdwemade. Theslides were stained n $54Giemsa Soluton fohe analysis of chromestunsbrmions. Table | consisaSummary ofth eament ehedulsof oe ahem assywithout meiablic activation
Aberin Assay WithMcsbolcActivationCallswernated2daysprior samen with 0.6 ml. ofwhole bload/10.0mi.clare in15 mL centrifuge bes. Twoday feculurs nation,thcleswer ncbatedst-37oCfor Sours in he prsenceof he testarilnd he 59 eacion miu. Af he s-hounxpos period,th llswere washed tic with buffered le and heec werereedwithcomplete RPMI 1640 medium. On-enth g/mL. Colcamid® was ded 0 the eres dung theTat 22.0 hoursof incubation. The meaphisecls were harvested and predor yopeneemys
Harvest Procedure
"Thecll suspensionwascntifged, thesupermatanwas discarded, andth cls wee restedwilh hypotonic KCI (0075 M) for =10 minute. Af enfgaton nd eonsof te Ko heells were washed3ims with rshprepared ative (ssc methanolie ser si.51,0). Aidedsideswer prepared om heharvested cll

Slide Preparationand SsiingSlides were prepared by droping th harvested cultures on lea fds. The sides wre sindwilh 5% Giemsa solution for theanalysisofmito index and hromosemis sbenatonsSides ers aediedand cover ppd.
Abortion Ansys and Asay EvaluationCallswere selected forgod morpholoeynd only clswit he numberofcentromeresqual 0ie modal umber 46 were analy. On hundred cells, pose, rom cach eps spurt ot4 dose Teelofth est article, th negativecontol, thesolvent ono and pois ome]
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cultures were analyzed for the different typesof chromosomal aberrations (Evans, 1962). At east25cells were analyzed for chromosomal aberrations from those cultures with ~25% cells withchromosomal aberrations. Cell with serrations were recorded. Mitotic index was assessed byanalyzing the number ofmitotic cels/1000 cells he ratio was expressed as percentage ofmitotic cells. Chromatid and isochromatid gaps, ifobserved, were noted in the raw data and weretabulated. They were not, however, considered in the evaluation of the ability of the tes article toinduce chromosomal aberrations. Percent polyploidy and endoreduplication were analyzed andthe 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 the cultures dosed with S000 ug/ml. Reductions of35%, 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 g/m.

Range-finding Assay With Metabolic Activation
Hemolysis was observed prior to washi the cultures dosed with 5000 g/mL. Reductionsof§%,5%. 4%, 1%, and 100% were observed in mitotic indicesof the cultures dosed with 1.67, 50.0,S00. 1670, and S000 g/m, as compared withthe solvent control culue.

Chromosomal Aberration Assay Without Metabolic Activationinitial Trial —Hemolysis was observed prior to wash in the cultures dosed with 2510 g/mL.Reductionsof 38%, 18%, 18%, 50%, 35%, and 95% in the mitotic indices, as compared with thesolvent control cultures, were observed in the cultures treated with 127, 253, 505, 1010, 1510,and 2010 pg/mL. respectively.
‘Confimatory Trial —Inthe 22.1-hour confirmatory trial, hemolysis was observed prior to wash oftheculturesdosed with 1600 and 2000 g/mL, and asight evidenceof hemolysis was evident atharvestof the cultures dosed with1600 g/mL. Reductionsof2%, 14%, 64%, 74%, 93%, and93% in the mitoic indices, ascompared with the solvent contol cultures, were obscrved fn thecultures dosed with 125, S00, 900, 1200, 1600, and 2000 pg/mL, respectively. In the 46,0-hour‘confirmatory trial, hemolysis was observed prior to wash of the culturesdosedwith 1600 and.2000 g/mL. Reductionsof 599%, 939%, 98%, and 98% in the mitotic indices, as compared withthe solvent control cultures, were observed in the cultures dosed with 900, 1200, 1600, and 2000em respectively.

Chromosomal Aberration Assay With Metabolic ActivationInitial Trial—Hemolysis was observed prior to wash in the cultures dosed with 2010, 2510, 3010,and 4010 g/mL. No cells were visible prior to the addition of Colcemid® to the cultures dosedwith 4010 g/mL. Hemolysis was observed prior o the additionofColcemid® to the culturesdosed with 3010 ug/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 with253.505, 1010, 1510, 2010, and 2510 pg/mL, respectively.
‘Confirmatory Trial-—In the 22.1-hour confirmatory trial, hemolysis was observed prior to washand prior to harvestofthe cultures dosed with 2000, 2500, and 3000 pg/mL. Reductions of 15%,5%, 69%, 82%, 97%, and 100% in the mitotic indices, as compared with the solvent controlcultures, were observed in the cultures treated with 500, 1000, 1500, 2000, 2500, and 3000g/mL, respectively. In the 46.0-hour confirmatory tial, hemolysis was observed prior to washand prior to harvest of the cultures dosed with2000, 2500, and 3000 g/mL. Reductionsof15%,80%, 100%, and 100% in the mitotic indices, as compared with thesolvent control cultures, were:observed in the cultures trated with 1500. 2000, 2500, and 3000 g/m, respectively.

Statistical results: The est substance did not significantly increase chromosomal aberrations with orwithout metabolic activation.

Remarks:

Chromosomal Aberration Assay Without Metabolic Activation
Initia Tial—No significant increase in calswith chromosomal aberrations, polyploidy. orendoreduplication was observed atthe concentrations analyzed (253, 505, 1010, 1510 g/mL)
‘ConfirmatoryTrial—n the 22.1-hour confirmatory trial, no significant increase incells withchromosomal aberrations, polyploidy. or endoreduplication was observed at the concentrationsanalyzed (125, 250. 500, and 900 pg/mL). Inthe46.0-hour confirmatory trial, no significantincrease incellswith chromosomal aberrations, polyploidy, or endoreduplication was observed atthe concentrations analyzed (125, 250, 500, and 900 g/mL). The sensitivityofthecel culturefor inductionofchromosomal aberrations was shown by the increased frequencyof aberrationsin the cells exposed to MMC, the positive control agent.

Chromosomal Aberrations Assay With Metabolic Activation
Initial Trial —No significant increase incells with chromosomal aberrations, polyploidy, or‘endoreduplication was observed at the concenizations analyzed (505, 1010, 1510, and 2010
g/mL).

‘Confirmatory Trial —In the 22.1-hour confirmatory tial, no significant increase in cells withchromosomal aberrations. polyploidy, or endoreduplication was observe at the concentrationsanalyzed (250. 500, 1000. and 1500 pg/mL). In the 46.0-hour confirmatory trial, due to toxicity,only 52 metaphases were available for analysis in one of the cultures dosed with 2000 g/mL. No.significant increase in cells with chromosomal aberrations, polyploidy, or endoreduplication was.observed at the concentrations analyzed (500, 1000, 1500, 2000 pg/mL), except fora weakincrease in endoredupliation at 2000 g/mL. The successful activation of the metabolic systemwas 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 cells with and without metabolic activation. These results were verified inindependently conducted confirmatory trials.
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Murl, Hemalatha. 1996. Mutagenicity Test on T-6342, Measuring Chromosomal Aberrations in WholeBlood Lymphocytes With a Confirmatory Assay With Multiple Harvests. Coming-Hazelton, Ine. (CHV).Vienna, VA. CHV Study No.: 17073-0-49C0.
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“Title: Mutagenicity Test on T-6342, Measuring Chromosomal Aberrations in Chinese Hamster Ovary
(CHO) Cells Witha Confirmatory Assay With Multiple Harvests

TEST SUBSTANCE

Identity: T-6342 C: clear, colorless liquid.

Remarks: T-6342 was soluble in sterile, deionized water >4.980 g/L. (the test substance at a
concentration of 4980 ug/mL in culture medium remained completely soluble ata pHof 7.5).

METHOD

Method/Guideline followed: Protocol No. 4370, Edition No. 4, Modified for 3M Corporation
Test type: Invitro mutagenicity assay.

Test system: Chinese hamster ovary (CHO) cells

GLP: Yes

Vear study performed: 1996

‘Species/Strain/eell-type/cell line: Chinese hamster ovary cells (CHO-WBL) from a permanent cel line,
originally obiained from the laboratoryofDr. S. Wolff, UniversityofCalifornia, San Francisco. The cells
used in this study had been recloned to maintain karyotypic stability. This cll line had an average cycle
ime of 12-14 hours with a modal chromosome numberof 21. The CHO cells were grown in McCoy's Sa
culture medium, which was supplemented with 10% fetal bovine serum (FBS), 1% L-glutamine, and 1%
penicillin and streptomycin, at approximately 37°C, in an atmosphereofabout 5% CO in air

‘Metabolic activation: With and without rat liver $-9

Concentrations tested:
Range finding assay—0.166, 0.498, 1.66, 4.98, 16.6,49.5, 166,498, 1660, 4980 pg/mL;

Initial ral (without activation)—125, 250, 500, 750. 1000, 1500, 2000 pg/mL;
Initial rial (with acivation)—250, 500, 1250, 2500, 3750, 5000 pg/mL;
Confirmatory trial (withoutactivation)—125, 249, 498, 746, 995, 1490. 1990 pg/mL;
Confirmatory trial (with activation) —249, 498, 1250, 2490, 3730, 4970 g/mL.
Repeat tial (without activation) 250, 500, 1250, 2490, 3740, 4980 g/mL

Statistical methods used: The Fisher's Exact Test withanadjustment for multiple comparisons (Sokal
and RohIF, 1981)was employed to compare the percentage ofcels with aberrations in cach treatment
‘roup with the resuls from the solvent controls. A linear rend test ofincreasing number ofcals with
aberrations with increasing dose (Armitage,1971) was also performed. Test article significance was
established where p<0.01

Remarks:
Experimental Design

Inthe chromosomal aberrations assays, replicate cultures were used at cach dose level and for
negative and solvent control. Single cultures were used for cach of two doses of the positive
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control. The aberrations asays were conducted with a 20.0-hour harvest ime in the cil iand with 20.0- and 44.1-hour harvest ies i the confiematony vias, Chiomeserm) shareswre analyzed fom the cures rated a 3 dose evel and om on one of te postr cmldoves.
Negative and Sven: ControlsIn the onactvation says, negative contol were cultures that contained nly els and culturemedium, Solvent controls were cultures containing the Seivent for the est rile o the gheeconcentration used in est cultures. In he activation assays, the tive and Solvent comet werethe same as describe in th nonactivtion assays, but with he $5 ction mix inched.
Positive Control Agents

The positive contol agents, which were use i the assays, were mitomycin C(MMC; CASY $0-07-7, Sigma, Lott 25HO61S)for the nonsctivationseics and ¢yclophosphamide (CP; CASH6055-19-2, Sigma, Lot#67FO153) in the metabolic activation serie In th chromosomitaberrations assays. wo concentrations of MMC (0.08 and0.10 gL, inital and sonimmatorywil; 0.50 and 1.0 g/mL, third ia) and CP (5.0 and 10.0 g/ml) wor wed induce.chromosomal aberations nthe CHO cells One ofthe dose levels was analysed in eve oftheaheration says. Both MMIC and CP were dissolved in water
Range ining Assays

Tn hese assays, the els were culured or approximately (=) 24 hours prior to treatment byscding= 0.3 x10°cells25 em flask into $ mLofcomplete McCoy's Sa culture medium, Table1 contains summaryofth ramen Schedule of he rande- nding assay All dosing wnsachieved witha 19 (10 mL) dosing of cach soc solution and he solvent control ular wsdosed with 10 uLinLof serif deionized water
Assay Without Meabolic Activation

“The clueswereincubated with th est aril for 17.8 hours at 37°. The test article was‘washed from he cells withphosphate.buffered saline ad eh complte medium contaningColcemid® (final oncentation 0.1 g/mL.) was added. Th cultures were the eypinized andHarvested 2.0 hours ater
Assay With Metabolic Activation

In this asa, the CHO eels were exposed to the test article for3 hours a ~37°C inthe presenceofaat iver $9 reaction mixture (S915 ulm, NADP~ 1.5 mg/mL and soci cid 25.mg/mL). The $9 faction (Molecular Toxicology, nc, Loth 0363) wa dered rom the ver ofmaleSprague Dawley rats, which had been previously ested with Aroclor 1255. In oder tyavoid possible inactivationofshort ved and highy reactive intermediates produced by ne $9cnzymes through binding o scrum protein, th medium dd nt ave FBS during the exposureperiod. Afr the exposure period th cls were washed twice with buffered sae, CompreMcCoy's 3a medium was added to the curs, which were cubedfo 16.8 hots iColenid® (final concentration = 0.1 g/mL whiehwasadded forth lst 2.0 hours collectmetaphase cols The culture were rypsinized, harvested, ied, and Sides wer propane angStained as desribed forth nonscivaton ange nding assy.
Assay Evaluation

Mitotic index was analyzed from the highest five suviing dose evs by analyzing the umberof metaphases present i 1000 consecutiv scl
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Abcration Assay Without Metabolic Activation
‘Cultures were initiated by sceding approximately 1.2 x 10° cells 20.0 hour assay) and 08 x 10°cells (=44.0 hour assay) per 75 em’ flask into 10mLof complete McCoy's Sa medium. One dayaftr culure inition fo th initalandconfiomatory ial the cll wee incuba 239°CWilh he test article at pedetemined doses for about 17.7 (3.0 hous ssa) and 418 (441 nourassay) hours. Al dosing was achievedwith 1% (10 uLimL) dosing ofeach stock sou ndthe solvent control culture was dosed with 10 mLofstr deonized wate. Th cutie‘were washed with buffered saline, Complete McCoy's Sa medium, containing 0.1 gmL.Colcemid®,waslaced buck oto the cls. Approximately 2 hows tr th cls mare harvestedand air-dried slides were made. Th ldes were sind n 3% Gio solution for th snips orchromosomal aberations. For the thir tril on day afer cure tiation.th cultures wsincubated at ~37°Cfor3 hours nth presenceof he fest article in McCoys $a medium withoutFBS. After he 3-hour exposure period, he cells were washed twice with bufered saline and theall werrefed with complete McCoy's Sa medium. One-tenth mL.Caled wos addeduring he lst =2.0 hours of incubation. The metaphase cls wee harvested and prepared forCptogencic analysis.

Aberration Assays With Metaboli Activation
Cultures were initiatedby seeding approximately 1.2 x10° cells (20.0 hour assay) and 0.8 x 10°lls (44.1 hour assay) per 75 cm’ flask into 10mL of complete McCoy 52 medium. One deyater cuore niaon, he cures hat were rated under te conditions of metabolic setainwre incubated at 37° for hours in the presnceof th et artile andthe 89 reacion mixturein McCoy's Sa medium without FBS. All dosingwasachieved with 1% (10 Lim)dosingcach siock solution andthe solvent control culture was dosed with 10 Lm. of serie deionisedater. Aer the 3-hour exposure period th cls war washed tice with buffered sain nd seell wer refed with complete McCoy's Sa medium. On-tnth gn. Coleemid® was added tohe culture medium during th ast ~2.0 hoursof incubation. Th metaphase sels were harvestedand prepared for cytogencic analysis.

Harvest Procedure
Prior oth harvestof the cultures, visual observations of oxiiy were made, These observationsincluded an assssment ofthe percent conflucnc of the cell monlayer within th cute Packs“The cules wer ls caluated or the presenceof toric odod cls floating nthe wedThe cures fom the doserane.finding assay wer trypsinized frst 0colt moti amsinterphase cells and were eated with 0.075 M KC hypotonic souton. Th cular were fixedwith an absolute methano:gacial acti acid (1, vv) Txative and washed several times belonesiedred sides were prpared.

Side Preparation and StainingSlides were prepared by droppin the harvested cultures on clean slides, The slides wer standWilh 5% Giemsa solution fo he analysis ofmitotic inde and chromosomal aberrations AllSlides wee i-dried an cover sipped using Depexc mounting medio
Analysisof Aberrations and Assay Evaationlls were selectedfo good morphology and oly els with the numberof catrorners cquslhe mods] number 21 + 1 (range- 20.2) wre analyzed. One hundred cells, possi, fromcach replicate culture at dos levelsofth est articic and fromth negative nd sop comoCultures wre analyzed for th diffrent es of chromosomal aberrations (Evans, 1063), At eas1s
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25 cells were analyzed for chromosomal aberrations from oneof the positive control cultures.Cells with aberrations were tecorded. Mitotic index was assessed by analyzing the number ofmitotic cells/1000 cells: the ratio was expressed as percentageof mitotic cells, Chromatid andisochromatid gaps, if observed, were noted in the raw data and were tabulated. They were not.however. considered in the evaluation of the abilityofthe test article to induce chromosomalaberrations. Percent polyploidy was analyzed from the ~44.0-hour assay.
SULTS

Overall results: positive, negative, ambiguous: Positive
Genotoxic effects (unconfirmed, dose-response, equivocal— with/without activation): The testedsubstance was positive for lastogenic activity for highly tic treatmentsof short duration (3 hours) both,in the presence and absenceof an S9 metabolic activation system. The tested substance was also positivefor polyploidy for the highly toxic treatments.
Cytotoxic concentration:
This section only describes the cytoxicity observed at concentrations at which statistically significantincreases in chromosomal aberrations occurred.

Chromosomal Aberrations Assay With Metabolic ActivationInitial Teal —The tecatment with 3750 ugimL. was only slightly toxic, but the S000 ug/mltreatment was highly toxic, causing about 95% reduction in monolayer confluency for one cultureand 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).
Confimmatory Trial —
For the 20 hour harvest, the confluencyofthe cultures treated with 4970 ug/L was reduced byabout 70% and the mitotic index was reduced by 43%. For the culture trated with 3730 ug/ml(20 hour harvest), there was approximately a 30% reduction in confluency and an 15% reductionin mitotic index

Aberration Assays Without Metabolic Activation; 3-Hour Treatment20 hour harvest —A 30% reductioninconflueney occurred in the cultures treated with 2490ug/ml. The next higher dose, 3740 ug/L, was so toxic that only a small numberofmetaphasescould be examined.
44 hourharvest —A 55% reduction in monolayer confluency occurred in the cultures treated with3740 ugimL and the 2490 ug/L treatment resulted in a 30% reduction. The mitotic index wassignificantly reduced (7%) for thehighdose (3740 ugimL.).

Statistical results:
Chromosomal Aberration Assays With Metabolic ActivationInitial Trial —Significant increases in cel with chromosomal aberrations were observed in thecultures dosed with 3750 and S000 g/mL.

Confirmatory tral —For the 20 hour harvest,a significant increase in calls with chromosomalaberrations (simple and complex)was observedforthe culturesdosed with 4970 g/m.Although the 4970 g/mL treatment was (00 toxic o yield sufficient metaphases for analysis, itwas, nevertheless, noted that the percent polyploid cells increased significantly.
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Chromosomal Aberration Assays Without Metabolic Activation; 3-Hour TreatmentA significant increase in the numberofcllswith chromosomal aberrations was obscrved in thecultures dosed with 3740 g/m. (7.5%). A significant increase in percent polyploidy was also.observed inthe cultures dosed with 3740 g/mL. The mitotic index was significantly reduced(57%) for the 3740 g/mL. dose.

Remarks:
Range-finding Assay Without Metabolic Activation

In the culture treated with 4980 g/mL, no visible mitotic lls were observed; he cell monolayerwas <5% confluent and the culture consisted only ofdebris and dead cell, floating or attached. Asevere reduction in the numberofvisible mitotic cells was observed in the culture dosed with1660 jm. The cell monolayer looked unhealthy and the degreeof confluency was reducedbout 15%; floating dead cells and debris were noted. Floating debris was also observed in theculture dosed with 498 g/mL, but otherwise the culture was similar to the negative contol,Mitotic indices were analyzed from the cultures dosed with 16.6, 49.8, 166, 498, and 160 ug/mland compared to the solvent control. At 1660 g/mL, the mitotic index was essentially 7cro,However, litle or no reduction in mitotic index was observed a the next lower doseof 495ng/mL.

Range-finding Assay With Metabolic Activation
An unhealthy cell monolayer was observed in the culture dosed with 4980 g/mL. The cell‘monolayer confluence was reducedbyapproximately 85% and a severe reduction in the numberofvisible mitotic ces occurred (about 63%). At the nextlowerdoseof 1660 pg/mL, themonolayer confluence was the same as the solvent control and the mitotic index was onlysomewhat reduced (about 27%).

Chromosomal Aberration Assays Without Metabolic ActivationInitial Trial-—No significant increases in cells with chromosomal aberrations were observed forthe cultures analyzed (750, 1000, 1500, and 2000 pg/mL). Unhealthy cell monolayers, floatingdead cells and debris, severe loss ofvisible mitotic cell, and about 25% reduction in cellmonlayer confluence were obscrved in th cultures dosed with 1500 and 2000 g/mL. Slightlyunhealthy cell monolayers, floating dead cells and debris, areduction in the numberofvisiblemitotic cell, and about 15% reduction in cell monolayer confluence were observed in thecultures dosed with 1000 g/mL. At the lowest analyzed doseof750 pg/mL, the cell monolayers‘appeared tobealmost normal,withonly a slight eduction in the number of visible mitotic cells‘and about a 15% reductioni the degree ofconfluence. Severe reductions in mitotic index,relative tothe solvent control cultures, occurred at all dose levels (95%, 86%, 67%, and $7% at2000, 1500, 1000, and 750 pg/mL. respectively),
‘Confirmatory Trial For the 20-hour harvest, no significant increases in cels with chromosomalaberrations were observedfor any of the cultures analyzed (746, 995, 1490, and 1990 ug/ml). A95% reduction in mitotic index was observed at 1990 pg/mL; whereas, a 25% reduction inmitotic index was observed at 746 gm. Thecell monolayer confluence was reduced by about25% at 1990 ug/L and only 83 metaphases could be scored from one ofth replicate cultures,To compensate. 117 metaphases were scored from the replicate culture, in order toscore a total of200 metaphases for this dose. For the 44.1-hour harvest, chromosomal aberrations were analyzedfrom the cultures dosed with 249, 498, 746, and 995 pg/mL. No significant increases in cells withchromosomal aberrations were observedfor anyof the cultures analyzed. Percent polyploidy was
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scored at this harvest time and no significant increases were noted. The two highest applied dosesof1990 and 1490 g/ml. wer lethal Treatment with 995 g/m. was severely toxic, resulting inabout 40% reductions in monolayer confluence and 79% reduction in mitotic index. At 746mg/mL, however, th toxicity was much less (about 15% reduction in confluency and [8%reduction in mitotic index, compared to the solvent control cultures),
Chromosomal Aberration Assays With Metabolic ActivationInitial Trial Chromosomal aberrations were analyzed from the cultures dosed with 1250, 2500,3750, and S000 pg/mL. in the presenceofthe rat liver $9 metabolic activation system. Significantincreases in cells with chromosomal aberrations were observed in the cultures dosed with 3750.and 5000 pg/mL. The treatment with 3750 g/mL was slighty toxic, but the S000 ug/L.treatment was highly toxic, causing about 95% reduction in monolayer confluency for one cultureand about 75% reduction forthe replicate culture. Floating dead cells and debris were abundantand only 94 metaphases were analyzabl from the culture with greater toxicity. However. themitotic index was reduced by only 13%, compared to the solvent control cultures

ConfitmatoryTrial —For the20 hour harvest, a significant increase incells with chromosomalaberrations (simple and complex) was observed fo the cultures dosed with 4970 ugimL. Thistoxic weatment reduced the confluency by about 70% and causeda43% reduction in the mitoticindex. The treatment with 3730 g/mL caused about 30% reduction in the conflucncy and 18%reduction in the mitotic index. There was no clastogenic activity observed at 3730 g/mL. For the44.1-hour harvest, no significant increases in cells with chromosomal aberrations were observedfor any of the cultures analyzed (498, 1250, 2490. 3730 ug/L). Although the 4970 pig.raiment was 100 toxic 10 yield sufficient metaphases for analysis, it was, nevertheless. noted thatthe percent polyploid cells increased significantly. At 3730 g/mL, there was liteormot 0toriciy evident. The successful activation by the metabolic systemwas illustrated by the largeincrease in percent cells with chromosomal aberrations (at 20 hours harvest) in the culturesexposed o cyclophosphamide.

Chromosomal Aberration Assays Without Metabolic Activation; 3-Hour TreatmentFor the 20-hour harvest, no significant increases in cells with chromosomal aberrations wereobserved in the cultures analyzed (250, 500, 1250, 2490 pgm). At 2490 pg/mL, 30%reduction in confluency was observed. However, the next highest dose, 3740 pg/mL, was so toxic:that onlyasmall numberofmetaphases couldbe examined. For the 44-hour harvest,chromosomal aberrations were analyzed from the culturesdosedwith 500, 1250, 2490, and 3740sn. A significant increase in the numberofcells with chromosomal aberrations was observedin the cultures dosedwith 3740 g/mL (7.5%).A significant increase in percent polyploidy wasalso observed in the cultures dosed with 3740 g/m. Relative to the solvent controls, the 3740.sm treatment resulted in about 55% reduction in monolayer confluency and the 2490 y/mLfreatment resulted in about 30% reduction. The mitotic index was also significantly reduced(57%)forthe high dose.
CONCLUSIONS

“The test article, T6342,was evaluated abeing clastogenic to cultured CHOcells for highly toxictreatmentsofshort duration (eg. 3 hours) both i the presence and absenceof an $9 metabolic activationsystem. Polyploidy was also induced forthehighly toxic treatments.
REFERENCE

192

192
0060091
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Title: Mutagenicity Test on T-6342, Measuring Chromosoml Aberrationsin Human Whole BloodLymphocytes With a Confimmatory Assay With Multiple Harvests

entity: T-6342; clear, colorless liquid,
Remarks: No other information was given about purity or solubility
METHOD
MethodGuideline followed: Protocol No.: 449C0, Edition No.: 2, Modified for 3M Corporation
Test types Invitro mutagenicity assay
“Test systems Human whole blood lymphocytes
GLP: Yes

Yearstudy performed: 1996
Species/Strain/cell-type/cell line: Human/shole blood lymphocytes
Metabolic activation: With and without metabolic activation from $9 supernatant fractionof ivers ofvats pretreated with Aroclor 1254 for the non-specific inductionof metabolizing enzymes.
Concentrations tested
Range-fnding assay—0.167, 0.500, 1.67, 5.00, 167, 50.0, 167, 500, 1670, 5000 pg/mL;ital ial (withoutactivation) —127, 253, 05, 1010, 1510, 2010, 2510 pgm:ital tial with activation)— 253, 505, 1010, 1510, 2010, 2510, 3010, 4010 pg/mL;Confirmatory trial (replicate cultures, without ativaion, 22.1 hourassay)—123, 250, 500, 900, 1200,1600, 2000 pg/mL;
Confirmatory tia (replica cultures, without activation, 46.0 hourassay)—62.5, 125, 250, 500, 900,1200, 1600, 2000 gin.
‘Confimatory ial (replicate cultures, with activation, 2.1 hour assay and 46.0 our assay)—250, 500,1000. 1500, 2000, 2500, 3000 gm.
Statistical methods used: Statistical analysis employedaCochran Armitage test for lincar rend andFisher's Exact Test (Thakur ct al, 1985)0 compare th percentageofcels with aberrations (and, ifapplicable, the percentageof cels with more than one aberration), polyploidy, and endoreduplication intrated cells with results from vehicle controls. Test article significance was established where p<0.01.All factors as stated previously were taken into account and the final evaluationofthe test tile wasbased upon scientific judgement.
Remarks:

Experimental Design
Human venous blood fromasingle, normal, healthy male donor was drawn ino seit,heparinized Vacutainers, Cultures were initiated with 0.3 mL of blood/S mi. culture (dese range-finding assay) or 0.6 mLof blood/10.0 mi. culure (chromosomal aberrations assays) in 1 ml.
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centrifuge tubes. The cells were incubated at approximately 37°C on a lope, with loose caps, inan atmosphereof about $% CO; in air. The culture medium used was RPMI 1640 ORHBiosciences) supplemented with 15% fetal bovine serum (FBS; Biochemed, Lott ES331, doserange-finding assay: Lot No. T06024, chromosomal aberrations assay), 1% phytohemagalutinin(PHA-M; Gibeo), penicillin (100 units/mL; Quality Biologicals) and streptomycin (100 ugimL+‘Quality Biologicals), and 2mM L-glutamine (Quality Biologicals). Deionized water (Prepared atCHV, Lot 20) was the solvent ofchoice for this assay. The test article was dissolved indeionized water ata concentration of S00 mg/mL. The test article solutions and the vehiclecontrol, deionized water, were dosed with adosing volume of 1% (10 uLimL) or this ascay.
Negative and Solvent Controls

In the nonactvation assays, negative controls were cultures that contained only cells and culture.medium. Solvent controls were cultures that contained deionized water at the highestconcentration used in test cultures (1% or 10.0 uL/mL). In the activation assays, the negative andsolvent controls were thesameas described in the nonactivation assays, but with the $9 activationmix included

Positive Control Agents
The positive control agents, which were used in the assays, ere mitomycin C (MMC; CASH S0-07-7, Sigma, Lot 40H2508) for the nonacivation series and cyclophosphamide (CP; CAS#6055-19-2, Sigma, Lot 43H0269) in the metabolic activation series. In the chromosomalaberrations assays, three concentrations ofMMC (0.08 and 0.10 g/mL, intial and confirmatoryrial: 0.1.0.2, and 0.3 pg/mL, third trial) and CP (20, 30, and 50 gL) were used to induce.chromosomal aberrations. Onc ofthe dose levels was analyzed in cachof the aberration assays.Both MMC and CP were dissolved in water.

Range.finding Assays
In these assays, cultures were initiated with 0.3 mLofblood! mi. culture and were incubated for2 days prior to treatment.

‘Assay Without Metabolic Activation:
‘The Iymphoeytes were incubated with the test article for 19.5 hours at ~37°C. The test article waswashed from the lls with phosphate-buffered saline and fresh complete medium containing.Colcemid® (final concentration = 0.1 pg/mL) was added. The cultures were and harvested 2.0hours late.

‘Assay With Metabolic Activation
In this assay, the lymphocytes were incubated with the test article for3 hours at <37°C in the.presence ofa at liver $9 reaction mixture (59-15 lini, NADP = 1.5 mg/mL, and isocitric acid27 mg/mL). The S9 fraction (Molecular Toxicology, Inc., Lot#0667)was derived from thetiver of male Sprague-Dawley rats, which had ben proviously trated with Aroclor 1254. Inorder to avoid possible inactivationof short lived andhighly reactive intermediates produced by.the $9 enzymes through binding (0 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 RPMI culture medium was added to the cultures, which were incubated for 18.5 hours.Colecmid® (final concentration~ 0.1 g/mLjewhieh was added for the last 2.0 hourstocollectmetaphase cells.
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Assay Evaluation
Mii index as analyzed from the survivingdose levels by analyzing the umber of metaphasespresent in 1000 omsecuve cel.

Chromosome Aberin Assay—With and Without Metbolc ActivationInthe Shromasomal aberration sys, ure wae sed a ch dose esl and for negativecontol. posi contol, and solv controls. The sberaion sss wes sondoced win» 5 ueHarvest ime in the nl rial nd ith 22.1- 35d 46 0-vut rst 1s rte contre EeChromosomal aberationswere analyzed rom th cultures eed 1. dos evel an Fo reoheposhivecontol doses
Chromosome Aberation Assy Without Metabolic ActivationCultures were inited 2 days proto wesment with 0.6 mLof whole lood/10. mL cure in 15 ml.centrifuge tubes. Twodays flr cults inition,cllwere esewihfh 651 leo pocnmerminedConcentrations for approximately 19.3 and 43.3 hours. The clr we achedwthboComplete RPMI 164 medium, coining 0.1 g/mL. Colcemid®, wis paced ack ont he cel Tuoours ate, the cols were harvested and srdred sides were made The sds ars ioe 5Giemsa solution or he anys ofchromosomal bermations. Tale | comas ov oerement schedule of he abeaions sy without metabo station

Chromosome Aeration Assay With Meibolic ActivationCultures wer nated 2 days prior samen wih 0.6 mL. of whale blood/10.0 mL culture in 15 mL.coiifuge bes. Two dys afte cule nition, th clues wert incubated at <37C for3 hos mhpresence ofthetestarticleand the $9reaction mixture. Afr the hor xposure prod fo ale neWashed ice with bred saline and the cells were refed with complete REMY 1690 mtr. Ore thumlColoemid®wasadded to th cures during the at 2.0 howe ofincubation. The meshesell were harvested and preparedfoytogencic analysis. Tale | ontins a summary of omementhedule of the sbeaonsasay with etapa actvadon.
Harvest ProcedureThe cll suspension was conuiged, the supematanwas discarded, and th ls were tested with hypatonic KCI (0.075M) for +10minutes. After centrifugationand removal of the KC. he cells were wasp3times wthficshly prepared ixaiv (absolute mcthanallaial sce eid, 31, vo). Aeried shies wen proarcdfrom the arsoted cls

Side Preparation and Singids were preparedby droping th harvested cultures on ln sides Th fides wers stained with 5%Giemsa solution or the snlysisofmiei index nd chromosomal aborations. A shies wen tvetiosand over sipped
Aberaons Analysis and Asay EvaluationCalls were selected for god morphology nd oly alls wit he numberofceromnres equal f hemodal nme 46 were snalyzed. One hand cl, possible fom cach retecuts4 onelevels ofthe test aril, the negative control,he solvent control, and positive comel eses wor:analyzed fo the diferent typesofchromosomal aberrations (Buns 1062). At lo 25 ei moranaly.for chromosomal shertions fom those cules with 26% cls with Svarherations. Cells with abemrions were recorded, Mile de was acess by analoght mamberofmitotic el1000 cls the ratio was xpresed a prccmageofmito cle Chast ondiSohromaid aps. ifobscved, were noted he Fa dts and vere alse Thy es mr weve,
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considered n the evaluation ofth ability of he est article 10 induce chromosomal aberrations. Percentpolyploidy and endoreduplication were analyzed and th results were abulate.

Overall results: positive,negative, ambiguous: Negative
Genotoxic effects (unconfirmed, dose-response, equivocal - withvithout activation): Negative.
Cytotoxic concentration:

Range-finding Assay Without Metabolic Activation
Hemolyss was observed prior to wash inthe cultures dosed with S000 g/mL. Reductions of35%, 6%, 38%, 15%, 18%, $7%, and 100% were observedin the mitotic indices of the culturesdosed with 0.500, 1.67, 5.00, 16.7, 500, 1670, and 5000 gin.

Range-finding Assay With Metabolic Activation
Hemolysis was observed prio to wash in the cultures dosed with 5000 g/mL. Reductionsof$%,57%, 4%, 1%, and 100% were observed in mitotic indicesofthe cultures dosed with 1.67, 50.0,500, 1670, and S000 ign, as compared with the solvent control culure.

Chromosomal Aberration Assays Without Metabolic Activation
initial Trial—Hemolysis was observed prior 10 wash in the cultures dosed with 2510 pg/mL.Reductions of38%, 18%, 18%, 50%, 55%, and 95% in th mitotic indices,a5 compared with thesolvent control cultures, were observed in the cultures treated with 127, 253, 303, 1010, 1510,and 2010 g/mL, respectively.

‘Confirmatory Trial—In the 22.1-hour confirmatory rial, hemolysis was observed prio to wash ofthe cultures dosed with 1600and 2000 ug/L. and a slight evidenceofhemolysis was evident atHarvest of the cultures dosed with 1600 g/mL. Reductions of 2%, 149%, 64%, 74%, 93%, and93% in the mitotic indices, as compared with the solvent control cultures, were observed i thecultures dosed with 125, 500, 900, 1200, 1600, and 2000 g/mL, respectively. In the 46.0-hourconfirmatory trial, hemolysis was observed priorowash ofthe cultures dosed with 1600 and2000 g/m. Reductionsof59%, 93%, 98%, and 98°% inthe mitotic indices,as compared withthe solvent control culture, were observed in the cultures dosed with 900, 1200, 1600, and 2000sgl. respectively.
Chromosomal Aberration Assays With Metabolic ActivationInitial Tral—Hemolysiswasobscrved prior to wash in th cultures dosed with 2010, 2510, 3010,and 4010 g/mL. No cells were visible prio to the additionofColcemid® to the cultures dosed‘with 4010 g/mL. Hemolysis was abserved prior 0 the additionofColeemid® to the culturesdosed with 3010 g/mL. Reductions of 15%, 20%, 15%, 43%, 77%, and 95% in the mitoticindices, as compared with the Solvent control cultures, were observed in the cultures treated with253,505, 1010, 1510, 2010, and 2510 j/mL, respectively.

‘Confimatory Trial—In the 22.1-hour confirmatory rial, hemolysis was observed priorto washand prior to harvest of the cultures dosed with 2000, 2500, and 3000 g/m. Reductions of 15%,
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$9, 69%, 82%, 97%, and 100% i the mite indies, a compared with he solvent controlalte, were chsrved i he cultures ened with $0, 100" 1500 3000, 500 tammL, respectively In the 46.0-hourconfirmatory il emelyis wasabseed prs washand prior 0 Harvest ofthe cures dosed with 2000 2500, 4nd 000 p/m Reset on,50%. 1000, and 100% inthe mii inc, «compared with 1h sent ome mor or,obscrvd nthe cures cated with 1500, 3000, 3500 ad 000 mL. pee,
Statistical revalts: The est susan did no significantly nese chromosomal sbertions with orbout metabolic actvarion
Remarks:

Chromosomal Aberation Assays Without Metalic Actionnil Tria No sigan crass in cells wih chromosomal shrraions, polyploidy, ondorduplicion was observed a the concentrations antyscd (53, S05 100 10 ase
ConfimateyTris —n he 21-hour confirmatory rial, no significant increase cll withchromesomal bemations polyploidy.o ndoreduplication wesow a i onsentnmsanalyzed (125,250, 00.30 900 g/mL). I he 46.0 hour confimtoy1 cessincreas in cls with chromosomal SbeTions. pola.o Spddopheaion ner meme sthe Concenations analyzed (125,250, 500, and 500mL Toe srcityofhmsfor induction ofchromosomal aeration was Shaw by Thnersnessunithe cals expose 10 MMC. the ose cont apt

Chromosomal Abortion Assys With Metabolic ActiationTn Trial No significant ines n cols with hromesomal sberations polyploidy,orndorsdupication was absrscd a he concentrations amps (05, 1070, 1500 vnem,
Confirmatory Trial—In the 22.1-hour confirmatory trial, no significant increase in cells withchromosomal sberarons,poyploicy,or cndbredplcation wis heedscosasanaly76d (250. 50, 1000, and 1500 pgm. In dhe 46 O.ho onlmatonrdany 2 metaphases wer wailbl or anys nonof the cure ved wth 3000 pe. KioSignificant increase in <I with chromosamal shraions. poplarnonoobcrid at he concntations aly (00, 100.1500 000mt. xpos watincrease in endoreduplication a 2000ug ml. Th cece ctheto of he menue stewas lsd by the increased incidenceofsells with chromosomal ahora ecorest with cyclophosphamide. th posi control agen
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“The test ari, T-6342, was considered negative for inducing chromosomal aberrations in culured wholeblood human lymphocytes cels with and without metabolic acivtion. These rests were scrindependentlyconducted confirmatory als.
REFERENCE
Muri, Hemaatha. 1996. Mutagenicity Test onT-6342, Measuring Chromosomal Aberstions in WhaleBlood Lymphocytes With a Confrmatory Assay With Mulipe Harsests. Coming Hasehon. Ie. (CHV.Viena, VA. CHY Study No: 17073-0-449€0.
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‘GENETIC TOXICITY (IN VIVO)
“Tiles Mutagenicityteston T-6342 in an in vivo mouse micronucleus assay

tdentit: T6342
Remarks: [tis aclear, colorless liquid. The purity and chemical identity ofthe tes substance were notindicated.
METHOD
Method Guideline followed: This study was conducted using modifications ofthe procedures suggestedby Heddle tal. (1983). Protocol No. 435, Edition 17 (no reference given), modified for 3M Comaation.
Test type: Mouse micronucleus assay
GLP: Yes
Year study performed: 1995
SpeciesStrain: Mouse CrLCD-IB(ICRIBR
Sex: Male and female
No. animalssevidose: 15 for treatment group, for control groups
Vehicle (if used): Deionized water
Routeof administration: Oral gavage
Doses: 1250, 2500, and 5000 mek; Doses selected on the basis ofa previous study.
Frequency of treatment: Single dose
Statistical methods used: The analysisofthe data was performed using ANOVA (Winer, 1971) onihr untransformed (shen variances were homogenous)or rank transformed (when variances wereheterogeneous) proportions of cels with micronuele per animal. Ifthe ANOVA was significant(P<0.05). a Dunnett's vcs (Dunne, 1955; 1964) was used to determine which dose groups, f any, weresignificantly diffrent from the negative control. Analyses were performed separately for cach hareettime and sex combination.
Remarks: The animals were dosed with the appropriate amountof the fet substance and euthanizedapproximately 24. 4, or 72 hours aftr dosingfo extraction ofthe bone marrow. Ten animals (5 malsandS females) were randomly assigned to cachdoseharvest time group. Ten animals (5 males and 5females) were assigned 0 the control groups. The negativecontrol nials were dose with the vehicle,deionized water. The positive control animals wee dosed with $0mk cyclophosphamide (CP). Boutcontrol groups wre euthanized afer 24 hours. Afr the bone marrow was ollcied, was spread ono
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slides, dred. and stained with May-Grunwald solutionandGiemsa. The slides were scored formicronuclei and the polychromaic erythrocyte (PCE) to normochromatic cryrocyte (NCE) oel ratio.One thousand PCEs per animal were scored. The frequencyof micronucleated cols was expressed aspercent micronuclcated ells based on the otal PCE present in thescored optic field. The norms]frequencyofmicronuclei in this stain i about 0.0-0-4%.
RESULTS
Effect on mitotic index or PCE/NCE ratio by dose level and sex:
I=

[Males |Females| Males | Females |
0021002 | 0641007 | 0631005Positive control 54410577 | 2501033 | 0511006 | 0691011ny;

1250 mekg: [2h|"o28r005 |0001000|owoioow| 0751017| 0021002 |0681008|0741006 |_ 0061000 | 0021002 0361008| 0doro0e2500 meg: [20h "0121004| 0.041000 | 0691007 | 0641005 |
[38h 002002 0.651 0.010061002 | 0471007 | 0641007S000 mee: 0.101004 | 0801008 | 0191009

[38h 0150.09 | 0.061002 | 0610.00 | 0631006
0.171005 | 0.031003“Significantly different from the coresponding vehicle control (p< 0.05)

Genotoxic effets (unconfirmed, dose-response, equivoal: Negative
Statistical results No significant increases in micronscleatedpolychromatic erythrocytes wereobserved.
Remarks: Duc o toxiity, the PCE/NCE ratios of the males and females from the S000 mgfkg dose‘roup at the 72 hour harvest group were significantly lower than the vehicle contol animals
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CONCLUSIONS

‘The test material, T-6342, did not induce a significant increase in micronuclei in bone marrowpolychromatic erythrocytes under the conditionsofthisassay and is considered negative in the mouse:‘micronucleusassay.

Murl, H. 1995. MutagenicitytestonT-6342 inanin vivo mousemicronucleusassay.CorningHazletonInc. Vienna,Virginia. 3M Corporation. St.Paul, MN.
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‘GENETIC TOXICITY (IN VITRO)
“ite: Evaluation ofthe Ability ofT-7524 to Induce Chromosome Aberrations in Cultured PeripheralHuman Lymphocytes

TESTSUBSTANCE

entity: T-7524
Remarks: The specific gravity ofthe test substance was 1.23. Substance was brown past of98%purity; the remaining 2% was I-methyl-20pyrrolidinone.
METHOD
Method Guideline followed: OECD Guideline 473; EEC Directive 67/S48/EEC; OPPTS Guideline870.5375; Japancse Minit of Health and Welfare and Japanese Ministry of International Trade andIndus.
Test type: In vito cytogenetics
Test system: Cultured human lymphocytes
GL: v
Year study performed: 2000
SpeciesStrainicll-typelell ins cells obained rom healthy adult male volunteers
Type of metabolic activation used: ra liver microsomal enzymes routinely prepared from adult maleWistar ras, obtained from Charles River, Sule, Germany. Animals were housed at NOTOX in aspecial room under standard laboratory conditions, a described inthe Standard Operating Procedures(SOP). Rats were injcted intrapertoneally with Aroclor 1254 induced in com afl. Livers were wishedand minced and supernatant was used for action
Concentrations tested:
Without 9+

First Experiment: 1000, 3330 and 5000 ug/ml
Second Experiment: 333, 560. 1000, 1300, 1500, 2400, and 3330 g/m.333,420,560, 750, 1000, 1300, and 1800 gin,

With $9 (18% vv) -
Experiment 1: 1000, 3333 and S000 pg/
Experiment 2.1000, 3333, and S000 ug ml
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Test conditions:

Range-Finding Test: Lymphocyte cultures (0.4 ml blood ofa healthy male donor plus $ mi or 4.8 mlculture medium,withandwithout S9 respectively and 0.1 ml (9 mg/ml)phytohaemagglutinin) werecultured for 48 hours and thereafter exposed to selected dosesofT-7524 for 3 b, 24 h, and 48 h in theabsenceof $9-mix or for 3 h in the presence of S9 mix. After3 hrs, the cells exposed to T-7524 wererinsed once with $mlof HBSS and incubated in S ml culture medium for another 20-22 h (24 h fixationtime). The cells treated for 24 hr and 48 hr in absence of $9-mix were not rinsed after ireatment but werefixed immediately after 24 h and 48 h. Based on the resultsof dose range-finding test, an appropriaterangeofdose levelswaschosen for the cyotgenetic assay.

Experiment 1: Lymphocytes were cultured for 48 hours and then exposed in duplicate to selected dosesof T-7524 for 3 hours with and without $9-mix. After3 hrs, the cells were rinsed with 5 ml HBSS andincubated in ml culture medium for another 20-22 hr (24 h fixation time). Based on the mitotic index ofthe dose range finding test and the first cytogenetic assay, appropriate dose levels were selected for thesecond cytogenetic assay - the highest dose level tested inhibited the mitotic index by approximately 50%‘or more: the mitotic indexofthe lowest dose tested was approximately the same as the solvent control.
Experiment 2: Cells were cultured for 48 h and thereafter exposed in duplicate to selected dosesof T-7524 for 24 hand 48 h in the absenceof S9-mix or for3h in the presenceof S9-mix. After 3 h treatment,cells in the presenceof $9-mix were rinsed once with $ ml HBSS and incubated in $ ml culture mediumfor 44-46 h (48 h fixation time). The cells treated for 24 hand 48 h without S9-mix were not rinsed aftertreatment but were harvested immediately after 24hand 48 h fixation time.

Chromosome preparation: During the last 3 hof culture, cell divisionwasarrested by addition of thespindle inhibitor colchicine (0.5 ug/ml medium). Thereafter the cell cultureswerecentrifuged for $ minat 1300 rpm and the supernatant was removed. Cells in the remaining cell pellet were swollen by 5 mintreatment with hypotonic 0.56% (w/v) potassium chloride solution at 37C. After hypotonic treatment, thecellswere fixed with 3 changesofmethanol; acetic acid fixative (3:1 v/v).
Slide preparation: Fixed cells were dropped on cleaned slides that were immersed for 24 br in a 1:1 mix0F96% (v/v) cthanol/ether and cleaned witha tissuc. The slides were marked with the NOTOX studyidentification number and group number. Two slides were prepared/culture. Slides were set to dry andthen stained for 10-30minwith 5% (v/v) Giemsa solution in tap water. Slides were then rinsed in tap-water and set to dry. The dry slides were cleared by dipping in xylene before they were embedded inMicroMount and mountedwith coverslip.

Mitotic index scoring: The mitotic indexof cach culture was determined by counting the number ofmetaphases per 1000 cells. At least 3 analysable concentrations were used; the highest concentrationsanalyzed were those cultures where the mitotic index was inhibited approximately 50% or more comparedto the solvent control. The mitotic indexof the lowest dose levelanalyzed was abou the same as themitotic indexof the solvent. Cultures treated with an intermediate dose were also examined forchromosome aberrations.

Counting chromosome aberrations: To prevent bias, slides were randomly coded prior to examinationofchromosome aberrations and scored. Anadhesive label with the NOTOX study ID number and codewas stuck over the marked slide. At least100metaphase chromosome spreadsperculture were examinedby light microscopy for chromosome aberrations. If the numberofaberrant cells (gaps excluded)were 25or more in SO metaphases, no more metaphases were examined. Only metaphases with 46 chromosomeswere analyzed. Numbersofcells with aberrations and numbersofaberrations were calculated.
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suLTs
Genotoxie effects: T-7524 did no induce  siatistialy abioogiealysignificant increase in numbers ofls with chromosome erations
Cytotoxic concentrations:Viou

3 hr ncament 24brfixation: motoxic dose:highestdose tested S000gm,24h eatment; 24h fixation 2400 and 3530 gmt
3h estment 48 nation: 1300 and 1800 int

Wits
3he treatment: 24 he vation no oxi dose: highest dose ested S000 gn,hr estment 48 br fixation: no onc dose: Highest dose(oted S000 rm.

concLusions
When tested without 9 sndwith24 continuous ramen, T7524, induced stillsignificaincase in the numberof chromosome sberations at 1000 ug when saps wee nuded ne tolmerofbarton. However, whengaps arxcludd heumberofseraitate within heHistorical control rang of he laboratory. This increase was ot sce at 1000 g/l ith 8 hourominous resiment Because tis crease oceured a th idledose an. ued gape ud heChromosomeaberrations sn. xinggaps ar within th historicalcontre ne ofie petormlaboratory and no increas occured with 48 Coninuous reament he nErase Bot contin ty

Basedontheabove result, T-7524 i notclastogenic in human lymphocytes unde the experimentalconditionsofth sud.
Remarks: none
REFERENCE
NOTOX. 2000. Evaluation ofthe Abily of 7524 o Induce Chromosome Abertions inCuredPeripheral Human Lymphocytes. NOTOXPree Number292063 Hrtogenbosch.Th Nethrinds
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“Title: CHO/HGPRT FORWARD MUTATION ASSAY - ISO (T-6889.7)
‘Test Substance: Ammonium Perfluorooctanoate (FL-143)

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

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

METHOD:

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

OECD Guideline #476
Hsie, 1981

Test type: In vitro gene mutation in mammalian cell in culture

‘Test system: Chinese hamster ovary (CHO) cells

GLP: Y

Year study performed: 2002

Species/Strain/cell-type/cell line: CHO-KIline of CHO cells

Metabolic activation: Aroclor 1254 induced rat liver S9 homogenate plus NADP and isocitricacid.
Concentrations tested: Test article was dissolved in culture medium ata top doseof $ mg/mL.1:128, 1:256, and 1:512 dilutionsofthe S mg/mL solution were tested both with and withoutactivation.

Statistical methods used: Statistical program, Tallarida, R.S. and R.B. 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 for both the activation and non-activation assays was culture
medium; the positive control was ethylmethanesulfoxide for the non-activation assay and
demethylbenzathracene for the activation assay. Cultures were exposed to chemical for 17 hoursfor the non-activation-assay and for S hours in the activation assay. After exposure, cells werewashed 2X and supplemented with complete medium. Forty-eight hours and 64% after exposure
the cells from the non-activation and activation assays respectively were trypsinized, counted.and plateda | x 10°cells per 100 mm dish. The cells were passed every 48-72 hours to maintain‘exponential growth during phenotypic expression for6 days. Following phenotypic expression
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cells 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 10/100 mm Petri dish for 9days to allow mutantcolonies to develop. Cloning efficiency was determined at the same time by plating cells in
selective medium without 6thioguanine. Both sets of cultures were incubated for 9days to allowcolony formation. At the endofthe incubation period, plates were fixed in methanol and stainedwith Giemsa. Only colonies with 50 o more cell were counted.

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 from50% cell survival at a dilution of 11128 to 80% or greater atadilution of 1:512. These doses
were chosen for treatment and are adequate.

Statistieal results: Negative

Remarks: The testarc dd not induce asatsically significant increas in the number of mutantcolonics in treatedculturesvs those in the control culture. Positive and negative controls reacted a5expected indicating that the test system was behaving properly.

CONCLUSIONS

(CHOI) ell in culture: his i correct as stated
REFERENCE

Sadhu, D. 2002 CHO/HGPRT FORWARD MUTATION ASSAY - 1SO (T6.889.7) ToxiconCorporation, Bedford, MA, Toxicon Final Report: 01-7019-G1 Submitted to: 3M, St. PaulMinnesota 55144-1000.
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ACUTE TOXICITY

Title: An Acute Inhalation Toxicity Study ofT-2305 CoC in the Rat
TEST SUBSTANCE

Identity: Ammonium Perfluorooctanoate; CASH: 3825-26-1

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

METHOD

Method/guideline followed: Guideline number not stated.

GLP: No

earstudy performed: 1979

Species/Strain: RavSprague-Dawley (21110 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, witha otal of 17.90 gramsoftest materialdelivered ina total volumeof960 litesofdry air. The test material was sicved and packed into thelinerofa Wright dust-fecd mechanism. The flow rateof dry air was 16 liters/minute. The resultingdust-laden air was passed into the 32.3 liter glass exposure chamber housing the test animals for an‘exposure periodofonc hour. Theanimalswere observed for abnormal signs at 15-minute intervalsduring the exposure, upon removal from the chamber, hourly for4 hours aftr removal from test chamber,and daily thercafter for 14 days prior to sacrifice.

RESULTS

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

Remarks: During the exposure period, the study animals exhibited excassive lacrimation and salivation,decreased activity, labored breathing, gasping, closed eyes, mucoid nasal discharge, and irregularbreathing. After removal from the exposure chamber, red nasal discharge (10/10), yellow stainingof theanogenital fur (9/10), dry rales (6/10), red material around the eyes (5/10), excessive salivation (4/10),excessive lacrimation (1/10), and body tremors (1/10) were observed in the ats. Excessive salivation,
208
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lacrimation and body tremors had abated by the one-hour post-exposure observation and there was no redmaterial observed around the eyes at the two hour post exposure observation. Red nasal discharge (10/10)yellow staining of the anogenitalfur(6/10) and dry rales (5/10) were still scen at the ane hour post-‘exposure observation. During the 14-day observation period, excessive lacrimation (6/10) and salvation(3/10), mucoid nasal discharge (10/10), dry rales (8/10), dry red materi] around the nose (2/10), andmoist ales (1/10) were observed in th ras. Weight gains appeared normal. Necropsy findings showedHung discolorationin $10 rats (a higher than normal incidence).

CONCLUSIONS

11 was concluded from the study results that the test substance is not fatal to rats at a nominal exposure of18.6 mu/L. for one hour. Immediate effectsoftreatment were excessive lacrimation, salivation, decreasedactivity. Labored breathing, gasping, closing ofthe eyes, mucoid nasal discharge, irregular breathing,yellow stainingof the ano-genital fur, and dry rales. The persistenceoflacrimation,salvation, mucoidnasal discharge, dry rales, dry red material around the nose and moist ales along with lung discolorationseen at necropsy indicate that the material may havea prolonged or residual effect at 14 days,

FERENCE

Biofdynamics Inc. 1979. An Acute Inhalation Studyof T-2305 CoC in the Rat. 3M Company, St. Paul,MN. Project No. 78-7154.
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ACUTE TOXICITY

ite: Acute Oral Toxicity (LD) Study in Rats
TEST SUBSTANCE

Identity: Ammonium Perfluorooctanoate; CAS#: 3825-26-1

Remarks: Whit powder, 31 Lot No. 340; compasiion and puiy no indicted

METHOD

Method/guideline followed: Guideline numberntsisted
GLP (VN: No

Year study performed: 1975
SpecesStrain:Rat CharlesRiverCD

Sex (Males femalesboth): both
Number of animalsisex/dose: Sisex/dose

Vehicles 40% scctonc/60% com oil
Route of Administration: Oral gavage
Remarks: The fst material was administered at th following dos levels: 00, 215, 464, 1000, and2150 mek in a volume of 10 mig. The rats weighed 180-218 at study ntiaion. Animals wereabserved or mortality and pharmeotosic signs during the fs four hours afer dosing. at 24 hours anddaly thereat fora totalof 14 days. Body weights wererecorded immedistely prio fo dosing and at 7and 14 days. Animals that died on study were subjected 0 gross necropsy as wet all survivors at the endofthe 14 day observation period.
RESULTS
The following lic signs were observed: psi, plorection,hyposciviy, decreased limb tone, aiacorneal opacity, hypothermic to ouch, and death. Signs observeda necropsy ofanimals which werefound deador sacrificed maribund inciuded: 1)congestion, iting an red foi in the lungs: 2) distendedstomachs: or stomachs filed with lid including darkredor red ud. stomachs containing dar redparticulate materi: stomachs with hypernicor tickencd mucosa rosin of the glandular mucosa: 3)intestines filled with red id: and 4) paldiscoloration ofthe iver) red saiing around the ose andmouth. Animals that survived oday 14 had thickened stomach mcoss, hyperemic glandular stomachmucosa, hydromeira ofthe erus and motile coloration ofthe kidneys. Sgn were observeda al
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treatment levels. Treatment did not appear to have an effect upon weight oftheanimals that survived toterminal sacrifice

Numberofdeaths at each dose level (by sex):
100 mkg: 1/5 males, 0S females

215 mg/ke: 0/5males, 0S females
464 myke: 2S males, IS females
1000 mghkg: 3/5 males, 55 females
2150 mgkg: 5/5 males, $5 females

Remarks:

CONCLUSIONS
LD (male rats) = 680 mg/kg, with 399 — 1157 mg/kg 95% confidence limit
LD (female rats) = 430 mye, with 295 - 626 mg/kg 95% confidence limit

LD (combined sexes) = 540 mg/kg,with 389- 749 mg/kg 95% confidence limit

REFERENCE
Fluorad Fluorocheical FC-143 Acute Oral Toxicity (LDxc) Study in Rats. 1978. Study No. 137-091,
Intemational Research and Development Corporation. Sponsored by 3M Company.
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ACUTE TOXICITY

Title: Acute Oral Toxicity StudyofT-6669 in Rats (OECD Guidelines)
TEST SUBSTANCE

Identity: Ammonium Perfluoroocianoate; CAS: 3825-26-1

Remarks: Purity not stated

METHOD

Methodguideline followed: OECD Guidelines

GLP (VIN): ¥

ear study performed: 1997

‘Species/Strain: albino ratsofCrlCD (SD)BR strain

Sex (Males/females/both): both

Numberofanimals/sex/dose: S/sex/dose

Vehicle: disilled water

Route of Administration: gavage

Remarks: Dosesof 250 and 500 mgkg were tested. All dose levels were administered as volumes of 10ml body weight. The rats weighed 208-269 g and were 8-12 weeks old. Clinical observations wereconducted a 1, 25, and 4 hours afte test material administration and cach day for 14 days. Mortality
checks were conducted twiceaday (moming and aftemoon) for 13 days and on the morning ofDay 14.Body weights were determined on Days 0, 7. and 14 or at death if survival exceeded 1 day. All animals
were subjectofan abbreviated gross necropsy.
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RESULTS

LDSO: Males: > 500 mgrkg
Females: between 250 and 500 mg/ke.

Numberofdeaths at cach dose level (by sex):
250 mgkg — none: S00 mgkg 2/5 males and 55 females.

Remarks: All animals exhibited body weight gan throughout the study. All animals treated at 250mk appeared normal during the study except for two females that exhibited rd-stained faces andlorawet urogenital area within 24 hours oftest material administration. Clinical signs of toxicity observed inthe animals treated with S00 mg’ were: red-saincd face, yellow-stained or wet urogenital area,Iypoactivity, hunched posure, saggered gai, and excessive salvation. There were no test-matcrialrelated lesions observed at necropsy, although at 250 mg/kg one female had large pelvises in bothKidneys. At 500 mg/kg, one malehad acannibalised right lank, one female had multiple dark brownarcas in the glandular mucosaofthe stomach,and asecond female hada clear fluid inthe lumenof thebilateral homsofthe uterus

CoNCLUSIONS

None were specified beyond the results,

REFERENCE

Glaza, SM. 1997. Acute Oral Toxicity Studyof T-6669 in Rats. Corning Hazleton Inc. CHW.
61001760. January 10. Sponsored by 3M, S. Paul, Minnesota.

OTHER
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ACUTE - SKIN IRRITATION
Tite: Primary Skin ition Study —Rabbis
TEST SUBSTANCE
entity: T1395
Remarks: 10 other entfing information was given,
METHOD
Note pHof test materia: Not specified
MethodGuideline followed: Similar 1 est in Section 150041 Hazardous Substances and Artcles,Administtion and Enforsement Regulations. Fedral Regior, Vol. 35 No. 187. p. 270191 37September 1973
Test Types invivo
Speciesstrainell ype: albino rabbis
Sex (malesfemales/both): No pecied
Numberof animalssexidose: 6 ol
“oat dose: Doss of 0.53 wre placed onan iat ian an sbradd sic. ies were examined whidry andar appicaion ofwater a the nd fhe experiment
Vebicte: Not specified
Length of ime test materia is in contact with animaliel; Wappings were removed afee 24 hoursut thers was no indication shout whether 1h Sie wis washed. Readings wore aso made a 7 hours,
Grading scales Scores foryhan cha formation aswell as cde formation ver presented
Remarks: Six lino rabbis hd thei hai clipped rom tei backs and fans, and ive tts of oneeran (05 2 fet material ws laced om abadedy of icy prepared 1 6s, then covered wih‘nur patches and an impervious muir] was wrapped around te she 10 hesp the bandage in placeAer 24 hours and 72 hours th coverings ers emored and the degree of atthe and sds wae+econdod according 5 standardized eae he Dre method
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RESULTS

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

Primary irritation score: zero

Remarks: There was no indication of reliability and no QA/QC.

CONCLUSIONS

Based on the results, the substancewasnot classifiedas a primary iritant.

Gabricl, Karl. Summary of: Primary Skin Irtation Study ~Rabbits. Performed by: Bioscarch.
Submitted to 3M Company, 3M Center, 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 contentsof this summary, in reference to the protocols and
results of the study, are fimited.
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ACUTE - EYE IRRITATION

“Title: Primary Eye Iitation Study - Rabbits

TEST SUBSTANCE

Identity: T-1395

Remarks: no other identifying information was given.

METHOD

Note pHof test material: Not specified

MethodGuidelinefollowed: Similarto test in Section 1500.42 - HazardousSubstancesand Articles,Administration and Enforcement Regulations, Federal Register, Vol. 38, No. 187, p. 27019+, 27September 1973.

Test Type: in vivo

Speciesistrain/cell type or line: adult albino rabbits

Sex (males/femalesboth): Not specified

Numberof animals/sex/dose: 6/single dose

Total dose: 0.1 grampereye.

Length of time test material is in contact with animalcll:
5seconds in 3 animals; 30 seconds in 3 animals

Observation period: 1 hr, 24 br, 48 hr, 72 hr, and 5 and 7 days
Remarks: The test material was washed from the eyes in 3 animals afer5 seconds with 200 ccofwater‘andafter 30 seconds in 3 animals with 200 ccofwater. No other information on the methods was given.
RESULTS

Corrosive: Not specified.
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Irritation score:

fier see: All scores for Comea and Iris were zeros (for all rabbits). In two rabbits, scores forconjunctivac ware 4, and in | rabbi, the scorewas2, throughout the observation period.
Afier 30 sec: All scores for Comea and Irs were zeros (fo all rabbits). Inone rabbit, scores forConjunctivaewere 4 at 1-48 hrs, andincreased (0 6 at 72 hrs and at S and 7 days. In | rabbit, the score.was 4 throughout the observation period and in I rabbi the score was 6 throughaut the observationperiod.

“Tool used to assess score: Scoringwasdone according to the Ilustated Guide for Grading EveIrritation By Hazardous Substances.

Description of lesions: None

Remarks: None

CONCLUSIONS

The only conclusion provided in study was that the test substance was not an ocular irritant
Remarks: ‘This conclusion is suspect due to the positive scores observed during the study. However,without additional information on the scoring method, there is io way to provide an informed judgmentabou the results

REFERENCE

Gabricl, Karl. Summary of: Primary Eye Irritation Study — Rabbits. Performed by: Bioscarch.‘Submitted to 3M Company, 3M Center, St. Paul, MN.
OTHER

‘General remarks: This summary was based on a summary report and only limited data ables. Nodetailed report was available. Therefore, the contents ofthis summary, in reference to the protocols andresults ofthe study. are limited.
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ACUTE - EYE IRRITATION
Title: Primary Eye Iriation-Rabbit
TEST SUBSTANCE

Identity: 3M identified the test substance as T-1395.
Remarks: The test substance was not further characterized.
METHOI

Note pH of test material: Not specified
Method/Guideline followed: The methods employed in the testing, evaluation, and grading ofthe testmaterial are those described in Section 1500.42-Hazardous Substances and Articles, Administration andEnforcement Regulations, Federal Register, Vol. 38, No. 187, p. 27019, 27 Sept 197,

Test Types in vivo

Speciesistraincel type o line: AlbinorabbitNot specified

Sex (males/females/both): Not specified

Number of animals/sex/dose: single dose:

Total dose: 0.1 gram

“Test conditions: The test substance was instilled ino the right eyesofthe test animals; the left eyes wereno treated and served as controls. The test substance was not washed from the treated eyes.
Length of time test material is in contact with animalicell: The exposed eye was not washedfollowing administrationof the test substance.

Observation period: 1,24, 48, 4nd 72 hours post-cxposure; S and 7 days post-exposure.

‘Scoring method used: Interpretationofthe results was made in accordance with the grading systemoutlined in “Hlustrated Guide for Grading Eye Iritation By Hazardous Substances”
Remarks: Healthy young adult animals were used in ths study.
RESULTS

Corrosive: Not specified

Irritation score: No overall iiation score was given. Individually, 1 hour afer application of the testsubstance, 6/6 animals exhibited is iritation scores of and 4/6 animals exhibited conjunctivac irritation
28
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scores of 10; the remaining two animals exhibited conjunctiva iitation scores of6 and 8. 6/6 animalscontinued to display iritation ofthe iris and conjunctiva (iriation scores: 5 and 2-6, respectively) up to48 hoursafer administration of th fest substance. Iitation scores and incidence ofirritation haddecreasedbyday 7ofthe study, at which time 2/6 animals exhibited iis iitation scores of§ and 1/6animals exhibitedaconjuncivac itation score of2.No comeal iritation was observed in any of heanimals throughout the suds.

“Tool used to assess score: Interpretation ofthe results was made in accordance with he grading systemoutlined in “Hlustrated Guide for Grading Eye Imitation By Hazardous Substances”,
Descriptionof lesions: Not specified
Remarks: None
CoNCLUSIONS
Remarks: Based on the resultsof this study and the source uscd for interpreting the results, the authorsconsidered the test substance tobea primary ocular rian; | agree with this conclusion
REFERENCE
3M Company. 1976. Primary Eye Imitation Study-Rabbits.
OTHER
Remarks: This summary was based onasummary report: therefore, the contents ofthis summary, inreference o the protocols an resuls ofthe study, are mite
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ACUTE - SKIN IRRITATION

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

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

METHOD

Note pHoftest material: Not specified
Method/Guidelinefollowed: ICAO

Test Type: in vivo

Species/strain/eell type: Rabbit/New Zealand White Albino
Sex (males/females/both): Female

Number of animals/sex/dose: 3/exposure period
Total dose: 0.5 gram

Vehicle: None

Lengthoftime test material is in contact with animalicel: 3 minutes, 1 hour, or 4 hours
Test conditions: One day prior to application of the test substance, the hair was shaved from the backand flanksofeach rabbit. For each rabbit, two test sites were selected. Th test sites were lateral to themidline of the back and approximately 10 centimeters apart. The test substancewasapplied to cach ofthetest sites and occluded with 2-inch square gauze patches. The patches were secured with gauze wrap:then, the trunk of cach animal was wrapped with impervious plastic sheeting for the duration of theexposure period. After the exposure period, al wrappings were removed and the tes sites were examincdfor imeversible damage and scored for erythema and edema.
‘Grading scale: The authors presented separate iritation scores for erythema and edema, cach based on agrading scaleof 0- 4. Test siteswerealso observed for the presence or absenceofchemical bum, eschar,necrosis, and epithelial sloughing.

Remarks: Animals were housed in standard wirc-mesh cages in temperature and humidity controlledrooms with food and water offeredad libitum.
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Results: The test substance produc ieversibl tissue damage following a 3-minute, 1- hour, and 4-Hour contac period. Moderate rythenna and edema, as well as chemical bur, eschar. and necrosis ereproduced following all three contact periods. An endpoint was not achicved due to the extreme iiationTollowing each contact period.
Primary irritation score: Not reported
Remarks:

CONCLUSIONS,
“The chemical produced rrversile tissue damage 0th skin of female albino rabbis; including moderateerythema and dem, chemical bum, eschar, and necrosis. Inadequate informationwas presented in hereport 10 evaluate quality ofthe study and validity ofthe conclusion

REFERENCE
Primary Skin Iriaton Test with T-3371 in Albino Rabbis. 1983. Safety Evaluation Laboratory, RikerLaboratories, Tne. St. Paul, Minnesota. Experiment 10883580079
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ACUTE TOXICITY

“Title: Acute Oral Toxicity Study-Rats

‘TESTSUBSTANCE

Identity: 3M identified the test substanceasT-1585.

Remarks: The test substance was not further characterized.

METHOD

Method/guideline followed: Not specified

GLP (VN): No

Yearstudy performed: 1976

Species/Strain: RaSherman-Wistar, 200-300 grams

Sex (Males/females/both): Male and female.

Number of animals/sex/dose: /sexsingle dose

Vehicle: 50% water

Routeof Administration: Oral

Test conditions: Each animal was weighed and dosed by dircet administration of the test substance intothe stomach by means ofa syringe and dosing needle. The dosage-level was 1,000 mi kg and the estsubstance was dosed as a 50% wiv suspension in water. Following administrationofthe test substance,the animalswereallowed food and waeradlibitum for the 14-day observationperiod,during which timethe rats were abserved for signs oftoxicity and mortaliies.

Remarks: The test animals were deprived of ood (not water) for 24 hours prior to dosing.
RESULTS

LD: <1,000 mgkg

Numberofdeaths at each dose level (by sex): 1,000 mg/kg-3/S males, 45 females

Remarks: 60%ofmales (3/5) and 80%offemales (4/5) died following administrationofthe testsubstance; therefore, the LDS0 was determined to be < 1,000 mg/kg. Signs of toxicity included an eroded
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atic mucosaand writingsthe numberofanimals, which exhibited hse signs, was not speed. Theinesurvivinganimalsexhibited nochange nits nd ialbody weight

Remarks: The authors concluded the LDia to be-< 1000 mk: ares with is conclusion.
REFERENCE
Acute Oral ToxicityinRats-1585. 1976, 3MCompany,
OTHER

Remarks: This summary was based on a summary report submitedby3M; therefor, thecontents ofhis summary. in reference othe protocols and ressofth study arc ited
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ACUTEEYEIRRITATION
Tits Primary Be nation Suds-Rais
TEST SUBSTANCE
dentiey: T1555
Remarks: Noother specificationsreanding the test substance ers need
METHOD

Notepioftest material: Not specified
MethodGuideline followed: Section 1500.62 Hazardous Substances snd Articles, AdrmiistionandEnforecmen Regulations. Fedral Reger, Vo. 3. No. 187. 37019 Semmes 33. 197
Test Type inivo
Specestraincellype oline: RabbivAlbino
Sex malesfmatesbothy: No pci
Number of animalssexidose: single dose
Total dos: 0.15
Lengthof ime test materia is in contact with animal: 7days
Observation period: 1h, 24h, 45,721, 5 and 74
Scoring method usd: Used grading system outlined in“lustted GuideforGrading Eye Ion byHazandons Substances”
Remarks: The est subsanc (0.1 5)wasadminired 1 th right ye of cach rabbit, wil the wietedcr ervd cool. The estmuralwas 10 ached om he pen. At cbch obotsyes wre scoredfo comelapsctyand ren. ii, nd comune dnc hemos ndsre

Corrosive: Notspeciid
Irritation sco: Corneal opacity snd rca = 4 fs 2: Conjunctival igs = 2 Conjunctival chemonis& Cononetial discharge 3
ool used to mses sores “sted Gidefr Grading Ee rion By Hazardous Subsiances”
Description ofsions: None
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Remarks: The sores foral the sbbits were the same for each category and observation, The scoresremained the same through day 7. Only a summary ableofscores was given, with no description of heeffects.

CONCLUSIONS

The test substance is primary ocular iitant and requires cautionary labeling. Inadequate information ispresented in the reportto evaluat the quality of th study and the validity ofthe conclusions.
REFERENCE

Bioscarch, Inc. 1976. Primary Eye Imitation Study- Rabbits. Philadelphia, PA. 3M Company. St.Paul, MN.
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ACUTE TOXICITY
Title: Acute Dermal Toxicity Study of T-6342 in Rabbits
TEST SUBSTANCE.

Identity: T-6342;aclear, colorless liquid.

Remarks: None

METHOD

Method/Guideline followed: OECD Guideline TP2071. Most likely this should be OECD Guideline404 for Dermal Toxicity. OECD Guidelines do not begin with letters and do not£0as high as 4 numbers.
GLP: Yes

ear study performed: 1995
Species/strain: Rabbits/Hra(NZW)SPF

Sex (males/females/both): Both

Numberofanimals/sex/dose: 5 males, § femalesisngle dose
Total dose: 2000 mg/kg

Vehicle: None

Routeofadministration: Dermal

Remarks: The rabbits had the hair clipped from their backs before the appropriate amount of the festsubstance was applied to the intact skin. The areaof application was covered with a gauze patch and anocclusive dressing. Collars were uscd to restrain the animals. Afr the 24 hour exposure period, thecollars and dressings were removed. The tes sites were washed with tap water and disposable papertowels. Clinical observations and mortality checks were made at approximately 1, 2.5,and 4 hours aferfest material administration and twice daily thereafter for 14 days. Body weights were determined beforetest material was applied, at Day 7 and on Day 14. The inital dermal irritation reading was made 30minutes after removal of the test material and on Days 3. 7, 10, and 14. Al the end of the study, theanimals were euthanized and subjected to necropsy.
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Number ofdeaths at cach dose level (by sex): none.
Remarks: All animals appeared normal and exhibited body weight gains throughout the sud, with theexceptionof one male that lost weight during the first week. Dermal imitation consisted of Slight tomoderate erythema, edema, and atonia, and slight desquamation, coriaceousness, and fisuring. | Novisible lesions were obscrved at necropsy. The dermal LSO in rabbis was greater than 2000 mg/kg.

“The dermal LDSO of T-6342 was greater than 2000 mg/kg in male and female rabbits. The test substanceproduced sight to moderate dermal ration. No clinical signs during the study or visible lesions atnecropsy were noted.

REFERENCE
GlazaS. 1995. Acute dermal toxicity studyof T-6342 in rabbits. Coming Hazelton, Inc. Madison, WI.Project ID: HWI 50800374. 3M Company. St. Paul, MN.
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SKIN SENSITIZATION DATA
Titles Assessmentof Contact Hypersensitivity to T-7524 in the Albino Guinca Pig (Maximisation-Test)
TEST SUBSTANCE

Identity: T-7524

Remarks: Purity was 98% the remaining 2% was |-methyl.2-pyrrolidinone. Substancewasabrownpaste, witha specific gravity of 1.23.

METHOD

Method/guideline followed: EC methods for the determination oftoxicity, as last amendedby‘Commission Directive 96/S4/EC; OECD Guideline Number 406; Magnusson and Kligman 1970.
Study duration: about 90 days

GLP (YIN): Y

ear study performed: 2001

Species/strain: Guinea pig:DunkinHartley strain

Sex: Females

Number of animals per dose group: 10/treatment groups S/control group
Routeof administration: Intradermal and epidermal administration
Range-finding study:

Concentrations:Starting and subsequent concentrations were taken from the following series:1%, 2%, 5%, 10%, 20%, 50%, and 100%, and doses lower than 1%ifneeded. There was no.indication about whichdoses were usedforinductionor challenge. Vehicle not indicated.
Vehicle: not indicated

Induction method: Iniradermal injections of four concentrationswere used. Dermal reactionsware assessed at 24 and 48 hours

Challenge method: epidermal application was done using4 test substance concentrations.Dermal reactions ware assessed 24 and 48 hoursafter exposure.
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Main study:
duction (concenteation nd method:
Day 1: Thro njction wer mado at clipped scapular region14 ww mixtureof Freund's Complete Adjuvant wih waterst sbstancs a 5% concent, andA: Wav mitre of 10% et subsiance with Freund's Adanhehil was nt ndiaed
Day 7: Ten percent sodum-dodeey-sufte (SDS)was applied idermaly to lipped arabetween injection ies: hs provoked mild inflammatory reaction:
Day 8: Fifty percent et susince concenraton was applied pidemally otheSDSrestedarea and held lace with Micropors ae. The desing was emoved ar 45
Induction vice: Not ndicicd
Challenge concentration and metho):
Day I: A iy percent concntton ofth cst substance was appl spdormaly othelipped ark. Vehicle was no nici.
Challenge vehicle: Not indicted
Postobservaton period:
Sites were assess 24 and 48 hours ae induction snd chllengs phases

Grading sate The source of th ee was ot indicted, but bo ion and challenge eactonsere graded. Reals were evaluated sccordin1 EC cts for cassicaion nd bling requirementsfor dingerous substances and preparation.
Stata methods wed: None
Remarks: A relay heck of he cst tddt notindicted) was don usin alphahesyicinmamicaldehyde a. posiiv contol. Sin reactions wer indicts of entation te of 100percent fo ths compound.
RESULTS
Tose responseefects by dos levels No moraliy occured and o syste tori was bserved.Body weights andbodyweight gan wer ima between cons snd ested roups
Induction and challenge scores: During induction, kin fst wer cance bythe 10% SDSiresment. During challenge, no skin reactions were cident afer shallenge in raed groups ndconicl. Light yslos sining was sen at he et susiance-vese skin 16s (34 and 45 hous postChallenge. The sain did not hamper scoring fhe sin reactions.
Sensitization: A sensitization te of percent ws dtemined.
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Remarks: nore.
coNCLUSIONS
There wasno evidence that T7526 caused skin hprsensiviy in guinea pigs
[—
REFERENCE
NOTOX. 2001. Assessment of Contact Hypersensitivity to T-7524 in the Albino Guinea Pig(MaximisationTex). NOTOX Project number 22027. Hetagenbosch,TheNetherlands
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REPEAT DOSE DATA

ide: S Daily Dose Oral ToxicityStudywith T-6669 in Rats

entity: The est material was perluoroocianoie acid, ammonium salt, T-6669 (EC-143), Lot No. 235.CASRN 3825.26.1

Remarks: Its described as a white powder that is 93-97% smmonium perfluorooetanoste.
METHOD
Methodguidelin followed The study was conductedinaccordancewithacompany protocol TPG755dated December 20, 1996 included inthe report
Study duration: 20 deys
GLP (VIN): ¥
Year study performed: 1997
Speciesistrain: RaCrl:CS(SDIBR VAFPlus®)
Sex: Male
Number of animals per dose group: 10
Routeof administration: Oral gavage
Doses tested and frequency: 0,5.0, 14.0, or 42.0 mg g/day. Doses were administered once daily for§consecutive days
Posttreatment observation period: 15 days
Statistical methods used: Methods are oulined inthe report nd include ANOVA(Winer. 1971), Levene’s Test (Levene, 1960), and Dunnet’smuliple comparisontest (Dunner, 1964)
Remarks: Ina deviation from the protocol, the animals weighed between 303 and 395 gat studyinitiation; the protocol stated weights between 210 and 250g. The animals were provided food and waterad libitum, Revers osmosis water was used s the vehicle and the dose volume was S mike. Theanimals were observed twice day for mortality and moribundit. Each animal was removed from fscage and examined fo clinical signs before dosing and at pproximately 1, 2.5 and4 hours afer cachdose administration and daly hereafier. Bodyweighswere measured dail. Blood samples werecollected on Days -2 predose, though the protocol tate that the predose simple s collected on Day -1,6.9.15.nd 20. On Day 6, ive animals per group were sacrificed, and he iver was emved from eachanimal and weighed. The ight lateral lobeof he iver was collected fom cach animal, weighed, and
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nyse oepump CoN ids sty, Thereminersu was collectedand weighedOn Day 20, he emiing animals wae sceifced ad hi rs wer aled ind werhen
RESULTS

NOAEL dos and fc: reser hn 42 mei te ighst doe std. ANOELof<50mg,th lowest dose 6d based on he epic IS] Co onssci wasdein by he td uo,
LOAEL (dose and ef: Greer hn 2mek.th highestdss sis. ALOFL of50 mk. based on Higher hepaticploy] Co vids seiniy por dy
Toxic responses by dose lve Al animals sive 0 chu sre, No estmentltcdlia sgn were obered na gros.

50m: igherbpp!Conoxide sity (24 1UG compared 3 1UG forconte)
14.0myssignificantly eddman odywiht sins din dosingpaid her epic:Palmioy Con oxidase aiviy (39 L1G compared 13 TUG orsom
42.0 meg significantly reduced mea body weight sins dig dosing prid, igor hepaticamie Con axdueatviy (33 101 compar 5 101 fo somes

Statistical result: The owermea body weight gains for he ida igh dos groupswereaisicly nancompared o contol (1. 00)
Remarks: Thoughth mid- and high-dose eve groups cited overbdweightgain durin thedosing riod they showed covery ly with ht ey rdwe complete. Thoral mean odyweigh gin were no sgn Tansy dirtbeeen any Bre

Ths author td hat based on saninercss inh evesofpli]Con axiduseaii, anindicationofperoxisome prolfraion,all doe vl ste, he no st evel of1-666 lo hn507m when admin mle CHLCDASDIBR VAR ls oSconseci oys.
Remarks: The author designatedthe ofc vl bdonsigiisat inrsses i he eves ofpalioy] Con anda sciviy. However, enyme ndetion ms bs arse and in hesence ofthechanges is not ley indicative ofa ic oft, hres no LOAEL was eermined by thsus

Henao,S. 1997. 5 Daily Dos Ons Tosi Sy with .6660 in Rats. Coming Hato, ne.Madison.Wi. Laboratory Projet denifcton: CHW 4325-17. 3. St. Pau, MN
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REPEAT DOSE DATA

Title: 28-Day Oral Toxicity Study with FC-143 in Albino Mice; IBT NO. $532-10655

TESTSUBSTANCE

Identity: Fluorad® Fluorochemical FC-143, also referred to as PFOA ammonium salt, ammoniumperfluoroactanoate, 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: The purity ofthe est substance was not indicated.

METHOD

Method/guideline followed: Not stated

Study duration: 28 days

GLP (YIN): N

ear study performed: 1977

‘Species/strain: Charles River CDalbino mice

Sex: male and female

Numberofanimals perdose group: 10 (5 malesand 5 females)

Route of administrations 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, but the type oftest was not noted.

Remarks: Daily observations for behavioral reactions or mortalities were made, Weekly body weightmeasurements were taken. Gross pathologic examination was conducted at final sacrifice on all survivingmice. 11 was stated that “a representative setoforgans and other tissues was removed and preserved inneutral buffered formalin for future histopathologic examination.” However, organs examined were not
specified. Liver weights and liver to body weight ratios were calculated. Microscopic examination was‘conducted on livers from all sacrificed mice. Samples of livers and blood were sent to 3M for analysis,but the results,ifthe analyses were completed, are not included.
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RESULTS
NOAEL (dose and effect): none; effects at all doses
LOAEL (dose and effect): 30 ppm (hepatocellular hyperrophy: hepatocellular degeneration and/ornecrosis: cytoplasmic vacuoles; bile duct proliferation; increased liver weight, increased ivr tbodyweight ratios: body weight loss)

“Toxic responseleffects by dose level:
30 ppm: [see LOAEL]
100 ppm: increased liver weight cyanosis; hepatocellulardegeneration and/or necrosis bile ductproliferation; hepatocellular hypertrophy; cytoplasmic lipid vacuoles; body weight loss300 ppm: muscular weakness; roughed fur; cyanosis: hepatocellular degeneration andlor necrosis; bileduct proliferation: body weight loss
1000 ppm: muscular weakness; roughed fur; cyanosis; hepatocellular degeneration and/or necrosis;hepatocellular hypertrophy: cytoplasmic vacuoles (before deathbyday 9)3000 ppm: muscular weakness; coughed fur (before death during week 1)10000 ppm: muscular weakness; coughed fur (before death during week 1)30000 ppm: muscular wesknes: roughed fur (before death during week 1)
Statistieal results:

‘The following parameters were significantly diferent from controls (at a level ofatleast p< 0.05):(A) Body weight loss
30 ppm: females at week 4
100 ppm: males at weeks 1-4; females at weeks 2-4
300 ppm: males at weeks I.4; females at weeks 1-31000 ppm: males and females at week 1 (animalsdid afte week 1)
(B) Absolut liver weight increase:
30 ppm: males and females
100 ppm: males and females
Not reported at other doses because micedied before day 28.
(©) Relative liver weight increase:
30 ppm: females
100 ppm: males
Not reported at other doses because mice died before day 25.

Remarks: Body weight was suppressed n a dose-related manner; increased amounts of food ereconsumed albough food waste was also seen.
1000 ppm and higher: all males and femalsdied within the first9days of testing.300 pp: all mice except 1 male died within 26 daysoftesting.30 and 100 ppm test groups: onc animal did in each group. No othe deaths occurred. Gross pathalogyshowed enlargement and/or discoloration of 1 or more liver lobules in all animals sacrificed aher 28 dag.
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No conclusions were given by the study authors.
Remarks: All mice ed APFO los weight. Reductions in body weigh gain were followed by weightlosses in mice fed 30, 100, or 300 ppm. A dose-related pattern was sen inthe depressed body weights.Relative and absolute liver weights were increased in mice fed 30 ppm or more APFO. Grosspathological examinationofkidneys or other organsbesides livers inot discussed. Treatment relatedchanges were observed in th livers among all APFO treated animals including enlargement andlordiscoloration of 1 or mor liver lobes. Histopathologic examinationofall APFO treated mice revealeddiffuse cytoplasmic enlargement of hepatocytes throughout the liver (paniobular hypertrophy)accompanied by focal to multifocal cytoplasmic vacuole. Degeneration and or necrosisof hepatocytesand focal bie duct proliferation was also noted inmice within al groups.
REFERENCE
Christopher, B. and Marias, A.J. 1977. 28-Day Oral Tosicity Study with FC-143 in Albino Mice, FinalReport, Idusrial Bio-Test Laboratories, In. Study No. 8532-10655, 3M Reference No. T-1743CaC. Lot269.
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REPEAT DOSE DATA

“Title: 25-Day Oral Toxicity Study with FC-143 in Albino Rats
TEST SUBSTANCE
Identity: Fluorad® Fluorochemical FC-143, aso referred tas PFOA ammonium salt, ammoniumperflucrooctanoate, PFO, FC-116, FC-126, FC-169, FC-143, or as a major component of FX. 1003(octanoic acid, pentadecalluoro-, ammonium salt, CASRN 3825.26-1),T-1742C0C, Lot No. 269.
Remarks: Purity of he test substancewas not indicated
METHOD
Method/guideline followed: Not stated
Study duration: 28 days.
GLP (VN:N

ear study performed: 1977
Species/strain: Charles River CD albino ras
Sex: male and female

Number of animals per dose group: 10(5 males and 5 females)
Routeof administration: Diet - Purinarat chow
Doses tested and frequency: 0, 30, 100, 300, 1000, 3000, 10000, 30000 ppm

Post-obscrvation period: None
Statistical methods used: A test was used to compare mean body weighs, liver weights, and Iver tobody weight ratios among groups, bu th typeoftet was not specified.
Remarks: Animals were obscrved daly for clinical signsoftoxicity. Body weight and food‘consumption were determined weekly. Liver weighis, body weights, and liver weight to body weightratios were determined at terminal sacrifice. Gross pathological examination was conducted on llsurviving ras. [tis stated that the study included a complete examination of gross pathology and Aa‘complete sei@ of tissues and organs were examined, but he specific lists not supplied. Livers wereweighed to determine relative organ weight then stained for histopathologic examination. Samples ofTivers and blood we sent to 3V for analysis, but th resuls, ifthe analyses were completed, are notincluded
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RESULTS
NOAEL (dose and effect): none; effets observed at lowest cst dose
LOAEL (dose and effet: 30 pm (inressd iver weight and hepatoeyt hypertrophy)
“Toxic responselefecs by dose evel: All anima given 10000 or 30000pan ied within the irs weekoftesting. There were no premature deathso other clinical signofoxicy in th othr soups. ope,1.300 pom showed sigh reduced body weigh gains. Body weigh gains among animal 031000 pyo more we significantly reduced in dose-dependent manner: Reduced ood ike was vido arosats fed ier 1000. 3000 ppm. Treaument sated morphologic changes nthe ier were soresamong all male and female 1st animals. The primary sion consisted of foalto mutifoea sytepleamicenlargement (hyperophy) of hepatocycs among amma est groups 0,30, 4nd 100py sodmulifocal to diffuse enlargementof hpatocyeswasc among animes i et groupe 30, 1000, and5000 pom
Statistical resus: Differences in body weight between th control and catment groups werestatistically significant at 1000 and 3000 ppm. Absolute vr weights were ignieanty incvensd for‘male ai 300ppm and n female at 1000 nd 3000 pom. Relative Iver weightwas sin cantyincreased for males at 3000 pom.
Remarks: Gross pathological exam didnot esl rcatment relate effects in Kidneys a ther organsbesides iver. Th main ffct was focal fo mulifcal cytoplasmic enlargement of heptoeyics sonsanimals fed 300 pom. In animals fd 1000 ppmo mare he fTct was mulioca 0 ufc enreamontaFhepaocytes. The sverity/degtcofsue involvement of thes lesions was more promomeed smefest animals Absolute vrweights in males at 1000and 3000 ppm are not significa diffrent thcontrols only because of body weight reduction in he higher do amma.

The authors gave no conclusion.
Remarks: All animals in the 10.000 and 30000 ppm groups died befor the end ofthe fis week. Bodywight gainswer reduced in th groups eciving 1000 o morspom. Reduced food take was obserint d1000pmo higher in dose related manner
Relative liver weghts were increased in mals ed 30 ppm or mors and ens fod 300 por more.Tisamont relatedchanges were observed in th livers among ll APFO teted nits. Tht seve ofeffects was more pronounced in mal est animals

Metrick. Mi. and Maris, A.J. 1977. 28.Day Oral Toxicity Study with FC-143 in Albino Rat, FinalReport, industrial Bio Test Laboratori, In. Study No. 5532-10654, 3M Reference No. 1 H2CC, Lot269, September 20,1977
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REPEAT DOSE DATA
“Title: Ninety-Dey Subacute Rhesus Morey Toxicity Sud

Identity: Fluorads Fuorochemial FC-143, also referred to as PFOA ammonium sat, ammoniumperfuorooctanoste, PFO, FC-116, FC-126, FC-169, FC-133,or as a mor component of FX. 1003octanoic acd, peniadecaluar-, ammonium salt, CASRN 3525-2611)
Remarks: The test substance usd i hs studywsobtained fromthe sponsor, 3M, Company, St. Paul,MN. The Iot numberofFC-143 used in his study was 340, Te test substancewas a whitepo dos
METHOD

Method guideline followed: Not sited
Study duration: 90-day
GLP (VIN): No
Yearstudy performed: 1978
Speciesisteain: Rhesus monkey
Sex: Male and female
Number of animals per dose group: Two pe se per group
Routeof administration: Oral gavage
Doses tested and frequency: 0 control group), 3, 10, 30, and 100 mg/kg/day,7daysiveek,for90 days
Postobservation period: None
Statistical methods used: Al statistical analyses compared th raiment groups with the control group,oy so. The esis were compared by analysisofvariance (one-way classification, Bartlets ot oromogenciy and the appropriate et (for equal o unequal variances) as described by Stel and Toric(1960) using Dunnet’s malple comparison ables o judge significanceofdifferences

Remarks: Ten male thesusmonkeys (2.603.90kg)and 10 female hesus mrieys (2953.80 kg)were uscd in this study. The monkeys were housed individually in hanging wire mesh, -squcess yp:cages and maintained ina temperature, humidity, and igh controled envionment Paring Monkey Chowwas fd tviccday and fresh aples were fd 3 tmesweck. Water was avaiable ad ium, Prior 13stsubstance administration, th stafvetrinaian conductedacomplete physical xaminaton, Onlymonikeys in good health wereselected for the sudy. Tho tet compound, suspended in 0.5% Methocel®,was administeredbygavage ata frequency of7days/week for 90 days. Aldoses wer sien in constantvolume. The same volumeof 0.5% Mellocel wa given t0 the vehicle control group, individual dulydoses were based upon he bods weights obained weekly. The monkeys wero observed twice daily oy
38
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‘general physical appearance, behavior, and pharmacotoxic signs. General physical examinations were‘conducted in the control period and monthly during the study. Blood and urine samples were obtained foranalysis from all monkeys once during the control period, then again 1 and 3 months afer study nftation.After completionofthe test substance administration period,all surviving monkeys were anesthetizedwithSernylan® (Phencyelidine HCI), exsanguinated,and necropsicd. At necropsy, the heart, ver.adrenals. spleen, pituitary. kidneys, lstes/ovaries, and brain were weighed; representative fssucs werecollected in buffered neutral 10% formalin. Eyes were fixed in Russells fixative. The thyroid/parathyroidwas weighed afier fixation. Histopathology was performed on the following organs from all monkeys inthe control and treatment groups: adrenals, aorta, bone, brain, csophagus, eyes, gallbladder, heart (withcoronary vessels), duodenum, leu, jejunum, cecum, colon, rectum, kidneys, fiver, lung, sin,mesenteric lymph node, reropharyngeal lymph node, mammary gland, nerve (with muscle), spleen,pancreas, prostatefuterus, rib junction (bone marrow), salivary gland, lumbar spinal cord, pituitary,stomach. testesovaris, thyroid, parathyroid, thymus, trachea, tonsil, tongue, urinary bladder, vagina,identifying tattoo, and any tissues(s) with lesions. Histopathology was performed on the following organsfrom all monkeys in the control and treatment groups: adrenals, sorts, bone, brain, esophagus, eyes,allbladder, heart (with coronary vessels), duodenum, leu, jejunum, cecum, colon, rectum,kidneys,liver, lung.skin, mesenteric lymph node, retsopharyngeal lymph node, mammary gland, nerve (withmuscle), spleen, pancreas, prostate/uterus, rb junction (bone marrow), salivary gland, lumbar spinal cord,pituitary.stomach, teste/ovaris, thyroid, parathyroid, thymus, trached, tonsil, tongue, urinary bladder,vagina, identifying tattoo, and any tissues(s) with lesions.
RESULTS

NOAEL (dose and effect): 0 (control) and 3 mkg/day—Sof tool, moderate to marked diarrhea, andfrothy emesis were occasionally observed at both of these dosage levels,
LOAEL (dose and effect: 30 mg/ke/day—Clinical signs of toxicity, adverse histologic changes in theadrenals, bone marrow, spleen, and lymph nodes, and deaths.
“Toxic response/eects by dose level: There was no mortality atthe 0, 3, and 10 mg/kg/day dosagelevels, Three monkeys in the 30 mg/kg/day dosage group, and all 4 monkeys in the 100 mg kg/day dosage‘aroup. died during this study.

3 mg/kg/day Soft stool andor moderate to marked diarthea, frothy emesis were noted a thisdosage level,

10 mg/kg/day—The following symptoms were noted in onc monkey: anorexia during week 4,pale and swollen face during week 7, and black stools during week 12.
30 mykg/day— Three monkeys died during weeks 7, 12, and 13of the study. From week 4,these 3 monkeys were anorexic. All 4 monkeys i this group showed slight to moderate, andsometimes severe, decreased activity. In addition, swollen face, cys, and vulva, as wel as pallorofthe face and gums were noted inal 4 monkeys. Other sympioms observed in some/allmonkeys included the following: emesis, ataxia, black

stools, dehydration, ptosisof the eyelids, and lossofbod weight. The surviving male haddecreased numbersoferythrocytes, decreased hemoglobin, decreased hematocrit, and increasedplatelets. Prothrombin time and activated prothrombin time were also increased. These increaseswereapparenta | month but were much more marked at three months. Therewas adecrease inalkaline phosphatase levels at one month (365 vs 597 in the control) which persisted in the onesurviving male (360 vs 851 1U/ in the control)at 3 months. SGOT levels were rediiced at one.
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month (59 vs 29 [U/ in the control) and in the one surviving male at3 months (88 vs 45 1/1 inthe control). SGPT was elevated at 1 month (44 vs a control value of 15 1U/1) and at 3 months.(46 vs 31 IU in the control group). Cholesterol in the one surviving male was elevated (240 vs165 mg/100 ml). Total protein and albumin in this animal were reduced: total protein was 5.53 vsa control level of 8.21 ¢/100 ml and total albumin was 2.00 vs a contol level of4.52 g/100 ml.During the pathological studies, the following compound-relted symptoms were observed inmale and female monkeys: marked lipid depletion of the adrenals, lightto moderateypocellularityof the bone marrow, and moderate atrophy of lymphoid folliclesofthe splecn andIymph nodes

100 mekg/day— All monkeys from the 100 mgkg/day dosage level died during weeks 2 - 5 ofthe study. In addition, the monkeys in this group showed the same signs of toxicity 45 themonkeys dosed 30 mg/kg/day. However, th signsof toxicity observed in the 100 mg/kg/daydosage group (anorexia, frothy cmesis, pale face, pale gums, swollen face and eyes, decreasedactivity. prostration, body weight loss, and body trembling) appeared earlier in the Study than wasobserved in the 30 mekg/day dosage group. During the pathological studies, the folowing.compound related symptoms were observed in male and female monkeys: marked diffuse piddepletionof the adrenals, slight to moderate hypocellulariyofthe bone marrow, and moderateatrophyof lymphoid follcls of the spleen and lymph nods
Statistical results: There were statistically significant decreases inbodsweight for the male monkeys atthe 30 mg/kg/day dosage level during week 13 of the study. The female morikeysofthe 30 mg/kg/daydosage level and the monkeysof the 100 mg/kg/day dosage level were already dead at this tim.Statisticallysignificant variations i sex-group mean weights ofa few organs occurred between thecontrol and experimental groups. The statistically significant variations were the following: decreasedabsolute and relative heart weight for females in the 10mg/kg/day dosage group (p < 0.05, p< 0,01,respectively), decreased absolute brain weight for females in the 10 mg/kgday dosage group (p < 0.01),and increased relative pituitary weight for males in the 3 mg/kg/day dosage group (p < 0.05), Thesevariations were of unknown biological significance and were not accompanied by morphologicalerations.

Remarks: Followingone month oftreatment, glucosewassignificantly clevated in the 3 mg/kg/daygroup (117 v5 89 ma/100 ml in the control). The authorsofthe report atrbute this to a single high valucfor male #7366 who had a value of 131. The other three monkeys inthe 3 mg/ka/day group had levels of112, 105. and 120 mg/100 ml. Glucose levels in the 10 and 30 mg/kg/day groups were 104 and 125mg/100 ml, respeively. after one monthof treatment. AL three months of trcatmen, glucose levels were81.96. 88, and 66 me/{00 mi in the control, 3, 10 and 30 mg/kg/day groups respectively, SGPT waselevated in the 10.and 30 makg/day dose groups at | month, but were comparable to control at 3 months.“There were no treatment related changes in urinalysis studies at any time period studied.
CONCLUSIONS

“The test substance caused clinical signsoftoxicity, adverse histologic changes in the adenals, bonemarrow, spleen, and lymph nodes, and deaths in male and female rhesus monkeys when administered atdosage evelsof 30 and 100 mg/ke/day.
Remarks: The test substance was not sufficiently characterized.
REFERENCE
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3M Company. International Rescarch and Development Corporation. 1975. Ninety-Day Subacute RhesusMonkey Toxicity Study. Laboratory study number 137-090.
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Title: 26-Weck Capsule Toxicity Study with Ammonium Perfluorooctanoate (APEO) inCynomolgus Monkeys.
TEST SUBSTANCE
entity: Ammonium Perfluoroctanoate (APFOY: Perlluorooctanoate (PFOA)
Remarks: APFO a 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: Y
Yearstudy performed: 1998/1999
Speciesstran: Cynomolgus monkeys
Sex: Males
Numberofanimalsperdose group: 6 animals group or groups 1, 3, and 4; 4 aimalsgroup for group 2.
Route ofadministration: Oral capsule
Doses tested and frequency of administration: 0 mg/kg/day,3mg/kg/day, 10 meke/ or 3020mgkg/day for 26 weeks

Postobservation period: 3 wesks
Statistical methods used: Levene’ es or variance homogeneity: ANOVA, Dunn's cstANCOVA, covaiate-adjused means, 5% two-tailed probability eve.
Remarks: Dosingofannals inthe 30 mg/kg/day dosegroupwas stopped from days 11-21 because oftoxicity. When dosing was resumed on Day 22, anima received 20 mg/kg/day and his group wasdesignated the 30720 me/kg/day.
Animals were observed twice daily for mortality and moribundity and were examined at least once dilyor signsofpoor health or abnormal behavior; food consumprion was assessed qualitatively. Ophthalmicexaminations were done befor nitionof rcaumentandduring weeks 26 and 40. Body weight datawere recorded waskly before th start oftreatment,on Day 1 oftreatment and weekly hereafter. Bloodand urine samples were collected for clinical hematology, clinical chemisty, and urinalysis before thestart oftreatment and at specified intervals during tcatment and recovery. Blood samples wer aso takenforhormone determinations
“The following organs were weighedatscheduled and unscheduled sacrifices; paired organs were weighedseparately; adrenal (2), brain, epididymis (2). kidney (2) liver, pancreas, esis (2), an thyroid (2)withparathyroid. Organ to body weight percentages and organtobrain weigh ratios were calculated.
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The followingtsueswerscllcedfoistopathlogy: adrenal (2), sorts, bri, cecum,colon,duodenum, cpdidymis(2). esophagus yes [preserved in Davidson's univ (3). fom sath ponemarow (acl surfaceof the distal nd) galbadder, heart, um, jcjunum, Kineye 3, esonn liver,Tung. mesencric lymph nods,mammary Tan, panrsas, pirposte.recone len. sont{mandibular(2. sciatic nerve, seminal vesicle2),skeletal muscle (gh,skim. spinal cord (somite,horcic and abr. plc, Stu wih bone row Stomach. es (3) pred pn BossSolution, thymus thyroid (2) withparuhy roaches and rary bladder
Blood, rine and feces wercollcted during Weck 2 and every2wksthrealr duntreatment ndrecoveryfor PFOAconcentration analyses. naddon: blood wascolcted rom th nm Comms{hat was sacrificed in moribund condition Animals wero not fated before cllctons. Samples wecollected without sicosgulan, maintained at oom emprature, and alowed so co. Sump wecomrifugedwithinanborofcoleion. serum was harvested and ordat 10°C to 30°C ah uckedomy cs and shipped 10 for aly
Whole bloodwascollectedfrom thevenacavaof each imal atbthscheduled and unscheduledsacrfc, divided into approximately cqulsizedsamples of scrum (colccted without seaguion).hol load and plas using potassium EDTA as fhe micosgulant. Samples weve sores 1g 130°C. Whole biood was callcted fom theanimalin tecontol rou a seminalsar os sting shuheparin a5 am anicoagulnt. One-half was ansfred into rv and pooled. Th remus ove ltwasconirfuged and separated to passand1dblood ul, Thpasaand rd bloodel sonepoled and ans to cyotbes. All samples were stored Foren 60°C KC un pedFrozen an dey ieto 3M forpossible ture anys.
Atleast mL ofurine anda est of feces were collected a the same tie a blood or scumollcton forPFOA determinations. Animals were not fed befor collection. Urinewas colctedonWet ce: oth urine and fees wers collet ovemight stored 10°C to 30°C un shipped ng oe1030 for analysis
A non-formalvrsample wascolle fom cach animal at both seeded and scheduled sacrifice“The Sample was weighed, Tash frozen in liquid nitrogen. stored 1 ~60°C 10-S0°C and shipped open codry ee 63M for analysis
Th righ lateral lobe oftheliverwas collected fom achanimal at neopsy for plmitoy] CoA oxidaseactivity analyses. Representative samples of iver, ight and Jf 1, 0a paren were Colecon omach animal fo cel prffration evaluation sing proliferation cl iclat atigen (FCN A.
All svalable bit up mi)wscollected abo scheduled and scheduled scifis, Tashren inTiuid nitrogen andstoredat —6U°C to SO°C un shipped othe UniversiofDudes og bisiaanernaon
“Thedecison to analyze blond fr testostsrone was made aftr terminal sacrifice. Aliquots fpass fomthe prestudy ime period, colectonDays35. 66, 94, and 183 and recovery Days 220 348 an 37 wreS10 Ani Lyte nc. where thy were anaysedfo ksoseron
Rosas: NOAEL (dos and ffi lve: 10m/kgay.dat: yposeiviy: weightlossfwor mo fos:Tow or nofood consumption,milly increased rigycardes: and moder 1 marked reas nseromenzyme concentrations (.c. sspartae amimoansise. alanine aminovansTre orb dehy drogenandcrcting Kinase ad a mildly increased sem bile cid concemtraion
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LOAEL (dose and effect level): 30 mg/kg/day, death; hypoactivity; weight loss; few or no feces: low or10 food consumption; mildly increased triglycerides; moderate to marked increases in serum enzyme‘concentrations (i.¢. aspartate aminotransferase, alanine aminotransferas, sorbitol dehydrogenase, andcreatine kinase) anda mildly increased serum bile acid concentration
“Toxic response by dose level: 30/20 mg/kg/day: death; hypoacivity, weight loss, few or no feces, low or0 food consumption; mildly increased triglycerides; and mildly to moderately decreased absoluteneutrophil coun, otal protein concentration snd albumin concentration. Two animals in this dose group,‘one terminated in moribund condition and one for whom treatment was stopped becauseof toxicity hadmildly increased serum bile acid concentrations,
Statistical results: Statistically significant lower body weight during Week 2 for Group4animals; meanbady weight changes for Group4 were significantly lower than controls during Weeks 7, 9 and 24.Statistically significant increasesin mean absolute fiver weight and mean iver-o-bady weightpercentages in animals from all dose groups at termina sacrifice. Mean liver to brainweight wassignificantly increased in animals in the 10 mg/kg/day dose group. No effects were noted at recoverysacrifice,

Remarks:

“Two animals, one mal from the 30/20 mg/kg/day dose group and one male from the 3 mg/kg/day dose.‘group were sacrificed in moribund condition during the study. The male in the30720 makeg/day dose group was sacrificed on Day 29. This animalexhibited signs ofhypoactivity,weight loss, ewor no feces, low or no food consumption and the entire body was cold to the touch beforedeath. The animal from the 3 mg/kg/day dose group was sacrificed on Day 137. This animal showedclinical signs of limited use and paralysis ofthe hind limbs, ataxia and hypoactive behavior, few feces and0 food consumption.

Males given 30 mg/kg/day from Days 1-11 had clinical signs of few feces and low food consumption andthey lost weight during week 1 of treatment. Based on these signs, treatment was stoppedon Day 11 andwas not resumed unl Day 22. When treatment was resumed, the dose was lowered to 20 mg/kg/day; thisgroup was then designated the 30:20 mg/kg/day dose group. Ofthe remaining animals in this group, only2 tolerated this dose level for the remaining 23 weeksof treatment. Treatmentof three males given 30/20.mg/kg/day was halied on Days 43 (Week 7), 66 (Week 10), and 81 (Week 12) respectively. Clinical signsin these animals included thin appearance, few or no feces, low or no food consumption, and weight loss.“The animals appeared to recover from compound-related effects within 3 weeks after cessation oftreatment,

Mean body weight changes were notably lower during Weeks | and 2 for males receiving 30 mg/kg/day.Duringweek 2, this change was statistically significant, Treatment was stopped on Day 11 and when iwas resumed at 20 mg/kg/day on Day 21, mean body weight changes were significantly lower thancontrols during Weeks 7.9 and 24. Overall mean body weight changes through Week 27 were notablyTower for the males in the 30:20 mg/day dose group.
“There was an increased incidenceof low or no food consumption for animals in the 30.20 mg/kg/day dose.eroup that was consideredtobe treatment related.
There were no consistent or clearly dose-related effectsonestrone, estradiol,estriol, thyroid stimulatinghormone. or testosterone that were scen in any treatment group over time. In general, thyroid hormoncs.
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‘were decreased beginning on Day 35 in animals i the 10 or 30.20 mg/kg/day dose groups.
Triodothyronine remained depressed through Day 183 in the 30/20 mg/kg dose group. Total thyroxinwas decreased beginning on Day 35 in animals administered 10 or 30720 mg/kg APFO per day. The effecton thyroxin was most pronounced at Day 35 in animals administered 10 mg/kg/day and Day 66 inanimals administered 30720 mg/kg/day. Thereafter, the effect began to diminish and recovery was
observed either in the last 3 months of dosing or during the recovery phaseof the experimen. No changesin chlocestokinin concentrations were seen overtime in cither dose group.

Two males from the 30/20 mg/kg/day dose group, the one sacrificed on Day 20 and one for whomtreatment was stopped becauseofpoor health, had moderate to marked increased serum enzyme.concentrations (ic. aspartate aminotransferase, alanine aminotransferase, sorbitol dehydrogenase, andcreatine kinase) anda mildly increased serum bile acid concentration.
At3 mkg/day or 10 mg/kg/day, APFO hadnoeffects on hematology, coagulation, clinical chemisry, orurinalysis. At 30/20 mg/ke/day there were slight increases in triglyceride concentrations and mild tomoderate decreases in absoluteneutrophil count totalproteinconcentration and albumin concentrationTwo animals in the 30/20 mg/kg/day dose group had markedly increased serum enzyme activites and
‘mildly increased serum bile acid concentrations

“There was no evidence ofpersistent or delayed toxic effectsonclinical pathology test results during therecovery period.

Enhanced cel proliferation was equivoeal in the liversoftreated monkeys; t was not seen in the pancreas.or testesof treated animals.

“There were no treatmentelated macroscopic of microscopic changes in any organs at the terminalsacrifice, including liver, adrenal, spleen, pancreas, and ests. There were no treatment-related effets onterminal body weights or on absolute of relative organ weights a recovery sacrifice indicating tha theliver weight changes seen a terminal sacrifice were reversible over time, Thereno treatment relatedmacroscopicormicroscopic findingsa recovery sacrifice.
Of the two males sacrificed ina moribund condition, the male from the 30720 mg/kg/day dose group hadesophageal and gastric lesions that were indicativeofan injury that occurred during dosing and liver
lesions that were presumed tobedue 10 the test material. The causeofdeath in the male from the 3makg/day dose group was not determine.

Nine hundred ory seven liver, sera, urine and feces samples were collected from monkeys in treatmentgroups 1,2, 3 and 4 and sent to 3M for analysis during the treatment phaseof the study. Of the 947samples, 202 were serum, 19 were liver, 272 were urine and 272 were feces specimens. During therecovery phaseof the study, a total of96 samples from Groups 1and 3 were sent to 3 M for analysis. OFthese, 32 were serum specimens,4 were liver, 28 were urine and 28 were feces specimens. Serum, liverand urine samples were analyzed at 3M; fecal samples were shipped to Centre Analytical Laboratories foranalysis. Samples were analyzed for PFOA.

Sera, liver, and urine were extracted using an fon-pairing reagent and methyl-ter-butyl cther (MBE) orethyl acetate. Extracts were analyzed using high-performance liquid chromatography-electrospray/tandemmass spectrometry (HPLC-ES/MS/MS) in the multiple response monitoring mode. PFOA levels in seraand liver were quantitated by external calibration (without an internal standard reference), while the urine‘analysis was performed by intemal calibration (with an internal standard reference). All blanks in the liverassays were below thelower limit of quantitation (LOQ) for the compound of interest; in some instances.
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he blanks wer above he LOG for srs and urine samples, Because there wre endogenous els oforochemical in unexposed monkey sera and ve, abo er and Tr was sd os ress oi.Monkey urine vas usedfo sandardizaion and OC smpes in rine nays ous samptracted with econ, redtrough3 ssaod Tr povsd hah scopes angeoand collected. The olums wers cud with scone followed by cetomtass semethanol. Th combined extracts were cvporsied 10 amodys and recone wih stianolial volume of2 mL. The samples were analysed wing Secroqray LCS. THPFOSmexSutogte standard but was usd oly to marion he scene FheAHO proceartcd to cleats th amountof PFOA i he to salts
Mati spike samples wer prepared from control samples ofsr, iver and in with cach bach. SeSamples wee spiked ith cir monkey andor abi set ol comentof50500 rsLiver samples were spiked st. evel ofproximately 350 ne and rin sample was bodpproimatcly60 mg/mL. These eels approximate (he background ves 1 sev. po sed nc ofthe Group | (0 mg/kg/day) monkeys.

Low levels of PFOA were often detected inthe sea live, urine and fces ofthe Group 1 amas,However, these levels were significantly lower than hos found 1 h How 3mg/g)pomsayia,PFOA was found i he sr, ver rin and ec of ard nimls: sls meant wpe
Although PFOA was detected the serum, ive, une snd ees of control animals, ves i tisesfrom raid aims wee sinicanly higher ha has sen nh control. PFO olsmm offest animls increased ith dos but dressed ovr ms during stent, Serv nese pn 336.1 gm in Group 2 animals and 1597 + 2392 gm. in Group4animals on Day 010 53.5 314aml. in Group 2 and $15 +7. gin. in Grou4 during Wes 2037 Ths vane oo co fori nd feces ie.
Levels in the urine were 73.5 + 38.1, 221 & 125, and 909-209 g/mL. in Groups 2,3, and 4 rspecielyan Day 9and S165 13.7, 109-75, and 19:24 7.0 ugg respestively in these wn prongs PpsWeek 26, In th feces, PFOA level wor 6s tan he Hkofqantas ni som ome7436.54, 154+102 30d56.6473.7ugg in Groups 2.3 and espcrvly dpe Weak sont ware252:4135,430.369 and 103 + 203 ugg during Week 26 As gh bo vet nceponStopped PEOA eels in both urine nd esl 1p Iltt werempi io comp se ringWeeks 26:34, eel in he Fces of th como amimals were 0279. 0.74 ngs nd063-0372Group 3 samples. There is no cxplansion Tor th hgh ovls ofPFOA stn sh oes of he sonianimals during Week 22. PFO appears 0b prefcrenialy oxcrcted in av in me one eonliough it bviously exceed n bah rine ond foes troughes
PFOA levels serum also decrease ave me during recovery unl hey reached 1.180.827 gmt.sum in Group 3a compared 10 0.0738 0.00256 he aonpls ding Wek 40Is diffu o draw amy frm conclusions out comparative lovls in vor and sam since theris oyonetime period, Weck 27. for which daifo vr and era ci be Compare. ut tsps lncScrum appea tobe Higher than hse in th iver. This not dnistem owasbeen creis only this ne time point availabe fo comparison and because dosing oftr anton he 3030img dos group had sappedby Weck 12an tis may hve ffeed Fneh i hemals 0 nck27 scrum and ver evs the Croup animals ns,
During the ae periods of samen, it appears ha vel at 10 mg/kg/d in serum, rine and feces arcigher than thy area 3020 mk day. Tis maybe becais donn for 1csme or S0mel dose group was stopped during rctment, on Deys 43,6. nd $1 respects Thieme ve246
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afficted PFOA levels in tissuesfromanimals in Group4. However, in the one comparative sample that isavailable for the liver, levels in Group4 rc higher at Week 27 than they arc in Groups 2and 3. At Week27, PFOA levels in theliverare 15.34 3.02, 14.0+ 7.55, and 42.8+ 63.3 forGroups 2,3, and 4respectively. The PFOA level in the control liver at Week 27 is 0.177 + 0.0730. By Weck 40, levels in thelivers from Group 3 animals arc 0.114 + 0.0441 and the levels in the control are below the fits ofdetection.

PFOA levels in serum are shown in Tables 1 and 1A: levels in the liver are shown in Tables 2 and 2A;evel in the urine are shown in Tables 3 and 3A and levelsin the feces are shown in Tables4 and 4aIndividual animal values are presented in Tables 1,2, 3, and 4 respectively. Values in Tables 1A, 24, 3and 4A are group averages+ the standard deviation associated that group at cach time period.
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Reference

“Thomford, PJ (2001) 26-Week Capsule Toxicity Study with Ammonium Perfluorooctanoate(ADFO) in Cymomolus Monkeys. Study period by Covance Laboratories nc. Mado
Wisconsin 53704-2592 for APME Ad-hoe APFO Toxicology Working Group. Study No.
Covance 6329-231, Completion Date December 18, 2001, 463 pp.
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REPEAT DOSE DATA
Title: Ninety Day Subacute Rat Toxicity Study
TEST SUBSTANCE

Identity: Fluorad Fluorochemical FC-143. Also refered to as PFOA ammonium salt, ammoniumperfluorooctanoate, PFO, FC-116, FC-126, FC-169, FC-143, or as a major componentofFX.1003(octanoic acid, pentadecafluoro-, ammonium salt, CASRN 3825-26-1)
Remarks: White powder, 3M stock no. 98-0211-0008.0 Lot 340; purityof the test substance was notindicated.

METHOD

Method/guideline followed: No guideline number stated
Study duration: 90 days

GLP (VIN): No

ear study performed: 1977-7
‘Species/strain: Charles River CD rat
Sex: Male and female

Numberofanimals per dose group: S animals/sex/group
Route of administrations Dietary
Doses tested and frequency: 0, 10,30, 100, 300, and 1,000ppm

Post-treatmentobservation period: None
‘Statistical methods used: Statistical analysis comparing results ofthe treatment groups with the control‘group was performed by analysisof variance (one-way), Bartlett's tes for homogeneityofvariances andthe appropriate t-test (for cqual or uncaua variance) using Dumnett's mali comparison ables to judgesignificance of differences.

Remarks: Initial ageof the test animals was not given; however, themean initial body weightofthemales was 222-254g and the initial weight ofthe females was 151-179 g. The test chemical was mixedwith S00 goffeed at weakly intervals. The treated animals were obscrved twice daily for clinical signs oftoxicity and for morality. Individual body weights were recorded weekly. Blood and urine samples werecollected prior to study initiation and at | and 3 months of treatment to cvaluate hematology,biochemistry. urinalysis, and serum samples. Food consumption was recorded. At 90 days, the animalsware sacrificed and nccropsicd for macroscopic and microscopic examination. Histopathology wasperformed on the following organs from rats from the contol, 100, 300, and 1,000 ppm dose groups:rain with cervical cord, lumbarspinal 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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marcow (stermum), salivary gland, small intestines (duodemum, jejunum, leu) colon, pancreas, liver,
Kidneys, urinary bladder, fests, ovaries, prostate, uterus, skin (mammary gland), any tissuc(s) with gross
lesions. Livers from rats from the 10 and 30 ppm dose groups were also examined microscopically and
liver samples fromall dosegroups 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 lesions)
Females: 1,000 ppm (liver lesions, increased liver weight)

Remarks: One female in the 100.and one female in the 300 ppm group died during collectionof blood.
These deaths were not considered to be treatment related. All other animals survived until scheduled
sacrifice.

“There was a significant reduction in mean body weight in males in the 1,000 ppm group (362 g vs 466 &
in the control group). Food consumption was reduced in males in the 100, 300 and 1000 pprm groups, but
the differences were not statistically significant.

Males in the 30, 100, 300 and 1,000 ppm groups had significantly reduced numbersof rythrocytes at the
endofthe treatment period. The values were 7.95, 7.05, 7.16, 6.72, and 6.94 in the control, 30, 100, 300
and 1000 ppm groups, respectively. Males had reduced leukocyte values compared to the controls in all
dose groups, but were statistically significanta the 300 ppm group only: leukocyte values were 10.64,
8.88,9.33,9.35,7.63, and 8.06 in the control, 10, 30, 100, 300 and1,000ppm groups, respectively. A
similar phenomenon was seen with hemoglobin valucs which were reduced a al 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 parameters of female ats in the study

Males at the 30, 100, 300, and 1,000 ppm dose levels had increased glucose levels (mg/100 ml) which
were statistically significant at all but the 100 ppm dose level. Reported glucose levels were 121, 120,
136, 134, 143 and 135 mg/100 mi for the 0, 10, 30 100, 300 and 1,000 ppm groups, respectively. B.UN.
levels were elevated in males a 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 mi for
the controls. Alkaline phosphatase was elevated in males in the 100, 300, and 1,000ppm groups; the
levels were 147, 204 and 212 IU for the three groups, respectively, compared (0 104 1U for the
controls. Females showednosimilarchanges in biochemical measurements.

Neither mals nor females showed any treatment related changes in urinalysis parameters although
females from all groups showed a higher frequencyof occult blood in the urine than did males.
“The only gross necropsy observation was noted in males at the 1,000 ppm dose level, These animals had
enlarged livers which showed varying degreesofsurface discoloration. Neither females from the 1,000
ppm dose level nor males or females from the lower dose levels showed such effects.
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Both absolute and relative iverweightsweresignificantly increased in males in the 30, 300 and 1,000ppm groups and in one female n the 1,000 ppm group. Compound-rlated liver lesions occured in allmale rats in the 100. 300 and 1000 pm groups, Thess lesions consisted of focal 10 mulifocal, very light10 slight hypertzophy of hepatocytes in centrilobulartomidzonal regions ofthe affected live Tobutas 11some instances these lesions were accompanied by increased amount of yellowish brown pigmentresembling lipofuscin inthe cytoplasmofhepatocytes and occasionally in sinusoidal ining cele. Theincidence and severity ofth lesionswas more pronounced among male rts a he 1.000 ppm dcirylevel

CONCLUSIONS
“The test substance resulted ina significant reduction in mean body weight in males at 1000 ppm, asignificant reduction in the numberof erythrocytes in males at 0, 100,300 4nd 1000ppm, and Terlesions in males at 100, 300 and 1000pp.

Goldenthal, ED. Jessup.R. Geil, N.Jefferson,andR. Arcco. 1978, Ninety daysubacute toxicity study:FluoradFluorochemical FC-143. 3M Company. Study no. 137-089.
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REPEAT DOSE DATA
“Tite: 13-Week Dietary Toxicity Study with T-5180, Ammonium Perfluorooctanoate(CAS No. 3825-26-1)in Male Rats
TEST SUBSTANCE

Identity: T-5150, Ammonium perfluorooctanoate (APFO), CAS No. 3825-26-1, Lot No. 115. Itsalightly colored powder.

Remarks: Purityofthe 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 (VIN): ¥

ear study performed: 1993

Species/strain: RaSprague-Dawley, Crl:CDRBR
Sex: Male

Number of animals per dose group: 35 in cach group, except pair-fed controls, which had 45 animals.
Routeof administration: Dietary

Doses tested and frequency: 0 (pir-fed and nonpair-fed controls), 1, 10, 30,o 100 ppm (approximatemean compound consumption at week [3 of 0.05, 0.47, 1.44, and 4.97 mekg/day) fed ad libitum, Fiftoonanimals per group were sacrificed at 4,7, and 13 weeks. The remaining 10 animalspergroup (al groupsexcept pair-fed controls) were sacrificed after 13 weeksoftreatment and §weekswithout treatment,
Post-treatment observation period: § wecks
Statistical methods used: Levene’s test was used to test for variance homogeneity. In cases ofheterogenciy of variance at p < 0.05, transformations were used to stabilize the variance. ANOVA wasperformed on the homogenousor transformed data. If the ANOVA was significant, Games and Howell‘Modified Tukey-Kramer estwasused for pairwise comparisons between groups. One-way ANOVA was.used © analyze body weights, cumulative body weight gain, food consumption, clinical chemistry,hormone values, organ weighs, organ-to-body weightpercentages, and organ-to-brain weight ratios.Body weights, cmulative bods weight gains, and food consumption values were analyzed for all groups(except paired controls) using the SAS program according to HWI methods. Group comparisons wereevaluated at the 5.0% two-tailed probability level. In the analysisofthe data, animals in groups exposed101.10. 30. and 100 ppm APFO were compared to the control animals in the nonpair-fed group, whilethe data from the pir-fed control animals were compared to animals exposed to 100 ppm APFO,
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Remarks: Male rats were used to characterize the effectsof the est substance on testicular physiology.Atstudy initiation. the animals were approximately 41 days old and weighed 181 to 229 5. Theappropriate amountof the tet substance was thoroughly mixed with rodent chow before providingit adibitum 10 the animals. Control groupsof pair-fed and nonpair-ed rats were maintained on a basal diesnot containing the fest substance. All diets were assayed weekly for the fist four weeks (0 detemmine thedictary concentrationofthe test substance; thereafier, weekly analyses were performed on the control dictand one test diet, selected sequentially.

“Throughout the study, animals were observed twice daily for signsoftoxicity. Individual body weightdata were recorded on the first day, weekly thereafier, and on the dayof necropsy. Food consumptiondata were collected daily for pair-fed groups and weekly for nonpair-fed groups. Serum samplescollected from 10 animals/group at each scheduled sacrificewereanalyzedforestradil, otaltestosterone, luteinizing hormones, and test material content. At necropsy, samples ofliver, testes, lungs,and subcutancous adipose tissue were collected from cach animal and frozen for posible tost materialresidue analysis. A section ofliver was obtained fromall animals at cach scheduled sacrifice. For5animals/group at each scheduled sacrifice, the liver was assayed for the levelof palmitoy] CoA oxidase asan indicatorofperoxisome proliferation. Fifteen animalsgroup were necropsicdafer4. 7, and 13 weeksof rcatment, as well as 10animals/group at the endof the 8-weck recovery period. The macroscopic‘examinations included the extemal surfaceof the body,all orifices, the cranial cavity. the externalsurfaces ofthe brain and spinal cord, the nasal cavity and paranasal sinuses, and the thoracic, abdominal,and pelvic cavities and viscera. The brain, liver, lungs, testes, and accessory sex organs (seminal vesicle,prostate, coagulating gland, urethra) re weighed. Organ-o-body weight percentages and organ-to-brain weight ratios were calculated. The following were examined microscopically (when present):lesions, brain, iver, lungs, testes, and accessory sex organs. Electron nrcroscopy was also used foevaluate tissues from the brain, iver, lungs, tests, and accessory sex organs.
RESULTS

NOAEL(doseand effect): 1.0 ppm
LOAEL (dose and effect: 10 ppm
“Toxic responseleffects by dose level: One anima atthe 100 ppm dose level was sacrificed during week4 duc to severe neck sores, but all other animals survived until scheduled sacrifice. No clinical signs oftoxicity were observed in any groups during treatment of recovery.

10 ppm —higher hepatic palmitoy] CoA oxidase activity, decreased mean body weight gains,increased absolute and relative liver weights, and hepatocellular hypertrophy
30 ppm higher hepatic palmitoy] CoA oxidase activity, decreased meanbodyweight 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 palmitoy] CoA oxidase activity, increased absolute and relative five weights,hepatocellular hypertrophy, and elevated estradiol levels

Statistical results: High dose animals cxhibited consistently significantly lower body weighis and‘cumulative body weight gains compared to thoseofthe nonpair-fed group. They also consumedsignificantly less food than the nonpair-fed controls at weeks 1 and 2. Animals at dose levelsof30 and100 ppm exhibited higher hepatic palmitoy] CoA oxidase activities that were statistically significant at
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wecks . 8, and 14. Animals id 10 ppm had transiently higher hepatic palmito CoA oxidase activityhat was sail significant at weck 5. Absolute and eltive ver weights wer significantly hghinthe animalsofthe high dose group than the paired controls at weeks 4.7. and 13.
Remarks: Though statistically significant increas in hepatic palmitoy) Co oxidase activities werereported during treatment, no difference was seen ae the S-week recovery period. The effet wae dose.dependent and reversible. Tncreased absolute and eative lv weights and hepatoceluts hypetropiywor observed in animals fed 10, 30, 100 ppms absolute and relative iver weights were shanhcantyHigher in the animals of the high dose group than the pair-ed controls a weeks 4,7, and 13. Theprogressionofhepatocellular hypertrophy did not appear to be affected by the lengthof weatment. Thechanges observed are suggestive ofa test materi) effct on intracellular metabolism and may beassociated wih peroxisome proliferation. There was no evidence of increased iver weightsof animalsafer the recovery period, which indicate thatthe fees were reversible. Animals in the high dose groupexhibited consistently significantly lower body weights and cumulative body Weight gains han thoes ofthe nonpai-fed control group. They alsoconsumedsignificantly les food tha the nonpair-fod conrolsat weeks | and 2. Overall, no significant diffrenceinmean food consumption betweennonpair-fed andpaired groups was noted. Though there was no statistically significant ference, the cardio levels inhe high dose animals appesred to be clevated at week 5.
CONCLUSIONS.
“The study author concluded that heno bserved adverse effet evel (NOAELYfo the test substance‘when fed ad fbi 0rats fora east 13weeks was 100 ppm and that he no served effet tov(NOEL) was 1.0 ppm
Remarks: In animals fed 10,30, and 100 ppm, the report describes treatment related iver effects thatmay be considered adverse, including increased absolut and relative liver weights. hepatocellularhypertrophy, and significantly increased hepatic palmitoy] CoA oxidase activities. On th basisofthesefindings. the LOAEL was 10 ppm and the NOAEL was 1.0 pom

Palazzolo, M. 1993. 13-Week dietary toxicity study with 5180, ammonium perfuorooctanoste (CASNo. 3526-1) in me ats. Hazleton Wisconsin, In. Madison, WI. 3M Company. St Paul, MN.
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REPEAT DOSE DATA
Title: Two Year Oral (Diet) Toxicity/Carcinogenicity Studyof Fluorochemical FC-143 in Rats
TEST SUBSTANCE

Identity: Fiuorad® Fluorochemical FC-143, also referred to as PFOA ammonium sal, ammoniumperfluorooctanoaic, PFO, FC-116, FC-126, FC-169, FC-143,oras a major component of F100(octanoicacid, pentadecafluoro-, ammonium salt, CASRN 3525-26-1)
Remarks: The test substance, a white powder, was analyzed prior o the start ofthe study, afterapproximately one year from the start of th study, and at the termination ofthe dosing period. No.detectable changes were found. The composition and purityof the test substance were not indicated inthe main bodyofthe study report,
METHOD

Method/guideline followed: Guideline number not stated
Study duration: Two years
GLP (VIN): Yes.

ear studyperformed: 1981 - 1983
Species/strain: Sprague-Dawley ra [Crl:COBS* CD(SD)BR]
Sex: Male/Female

Numberof animals per dose group: The control and high-dose groups contained 65 rats/sex and thelow-dose group contained 0 ratssex,
Routeof administration: Dict
Doses tested and frequency: Low-dose: 1.3 mg/kg/day (males), 1.6 makg/day (females)High-dose: 14.2 mykg/day (males), 16.1 mg/kg/day (females)
Post-treatment observation period: None
‘Statistical methods used: Bartlet’ test for homogeneityof variancewas used to analyze the tst data. Ifthis test was not significant at alpha= 0.001, the data were further analyzed by comparing cach treated2r0up 10 the control groupusing a two-tailed Dunnett'stesta the alpha — 0.03 significance level,
Remarks: Test animals were 39 0 41 daysofage when treatment began. An interim termination at oneyear included 1S atssex from both th control and high-dose groups. All animals were observed dailyihroughout the dosing period. Weekly physical examinations included palpation fr any masses presentand pharmacotoxic observations. Body weights an feed consumption were recorded weekly or beweakly. Eye examinations using indirect ophthalmoscopy and/or shit lamp biomicroscopy wereperformed at the one-year period. Clinical pathology determinations included hematology, clinical(serum) chemist and urinalysis. Tests wereconductedon samples obtained at 3, 6, 12, 18, and 24
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‘months from randomniy selected animals of each dose group. Hematologi ess included total red and‘whit blood cell count, hemoglobin, hematoeit, anda differential white blood cll count. Clientchemist parameters included otal bilirubin sal protcin, albumin, blood ure nitrogen (BUN), lucose,alkaline phosphatase (AP), creatine phosphokinase (CPK). aspartate aminotransferase and salons.Urine tests included pH, specific gravity albumin, glucose, bilirubin, occult blood and KetonesMetabolic examinations invlsed collection of urine and fecal samples. Post mortem examiations wereperformed onal animals and the weighis ofthe adrenal glands, bran, teste, heart, Kidneys ivr spleensand uterus were recorded from 15 randomly selected ats/sex/group. Samples ofmany diffrent oeswere collectedand observed microscopically from these animals.

Survival rates:
General, survival rates or the FC-143-tratedrats were good during the ful two yearsof the study.Fewer deaths were seen in high-dose mals and females tha i the controls.
Neoplastic effects:

Percent Neoplastic Lesions in Males

|JemTe we]Adrenal
1Pheochromocytoma, benignTaTxT—§——|Pheochromocytoma.mali.—| 0 | 5|p |Liver

|Hepatocellularcareinoma |____6[3] 10

[Adenoma— TT Sy136 [aw |Testes Epididymis
[Levdigeeladenoma|0]4]a

[Cedlladenoms TT|Cecell carcinoma To 0Source: Table 19
“Significantly different (p 0.08) from controls
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Percent Neoplastic Lesions in Females

Tw[Tew Ww)Adrenal
Pheochromocytoma.benign [74 —Tp 51Pheochromocytoma, malig 0TeLiver

|Hepatocellular carcinoma | 0 [5] 7
‘Adenocarcinoma [sr i‘Adenoma [oo 0Carcinoma TeFibroadenoma. Te aeLymphangiosarcoma. omPita

[Adenoma TT Tw] 7
[Ceeelladenoma 5 0[Ceellearcinoma 1 0 |] 0Source: Table 19

“Significantly different (p <0.05) from controls
Statistical analysis of neoplastic effects (ic, percent that was statistically significantly differentfrom controls; p < 0.05):

Females (16.1 mye):
Mammary gland fibroadenomas
Males (14.2 marke):
Leydig cel adenomas in testis

Nonneoplastic effects: NOAEL (dose and effec): none

LOAEL (dose and effect):
1.3 my/kg/day (mals) - based upon salivary gland sialadenits (note thatthe study authors implicd an association of this lesion witha suspectedoutbreakofsalodacryoadenitis viral infection; however, the presence ofa virus was not confirmed)
1.6 mykg/day (females)- basedupon ovarian tubular hyperplasia (andataxia, a clinical sign).
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Percent Non-neoplastic Lesions in Males
fo TT Gwe [te Em
[Noduarhyperplasia | 4[5 ISinusoidal cctasis I»EE ES 32Heart

Myocarditis,chronic[mT 3% 7 34Liver
Cystoid degeneration [TrseHepatocellularalt basophil,| 74 —15]———————[Hyperplastienodule[0|p 6[Megaloeytosis 10|,——7 80%[Portalmononucleareellinfil.| 74|eTgp][Neerosis 7 6 07 10Tung

[Alveolar macrophages10TmTn]Hemorrhage eyaePerivas. mono. infil. [oe7 14%[Vascularmineralization | 86 | 86 94IPneumonia nterstivial | 3 | or jg———]|
[Tubularawophy — TT 2[NVascularmin | 0 | 6 i8*
[Collbyperlia [3 J 5——T5]Pancreas
[_Acinaratophy [3 J 20 2 ]Salivary gland
|Siladenits. chrome | 3[am]3]Spleen
[CHemosiderosis 13] 8° a‘Source: Table 20

“Significantly different (p <0.05) rom controls
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Percent Noa-ncoplasic Lesions in Females
[  GwaTiw] igAdrenal

[Noduarfypeina[6Tf |[Simwsotdacensis 1m 3 1 w=

erTrHepsocelulralt.basagh,_| 16| ig] 5Hyperplsic node EE ——— 5 1Meosytoss oe]TFESI ———[News|0] 4Tong
[Chomontage 1 ag——1 Er[CPervasmonoinf Ey |[VascularmineralizationTasTe 5[Pneumonia mesial | 14] 6 ig]
I  ————Vache ENI —
EEetSmre— ——— — orTot

[Cosihpeion [0[3[7]
Mme TuTT]
Bem TwTT |
TT— 1]Spleen

Chiemosigooss——T——% FaSource: Table 0
“Sinica diffrent (p<0.05) rom conirls
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List of statistically different non-neoplastic effects (increased compared with controls, unlessindicated; p < 0.05):

Males (1.3 mo/ke):
Chronic sialadenits (salivary gland)
Perivascular mono. infil. (ung)
Interstitial pneumonia (lung)
Hemosiderosis (sploen)*

Males (14.2 mg/kg):
Cystoid degeneration (liver)
Megalocytosis (liver)
Portal mononuclear cel infitzation (iver)
Alveolar macrophages (lung)
Hemorrhage (lung)
Vascular mineralization (ests/epididymis)
Chronic sialadenitis (salivary gland)
perivascularmono. infil. (lung)

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

Females (16.1 mg/kg):
Megalocytosis (liver)
“Tubular hyperplasia (ovary)
Hemosiderosis (spieen)”

“Decreased incidence relative to controls

Genetic toxicity studies (study type and results):
None

Remarks:

~Dose-related decreased in mean body weights in excess of 10% was observed in high-dose males andfemales.
“Mean feed consumption (as grams dieu bw) was increased in al of the FC-143 treated malesthroughout the study when compared to male control feed consumption. Overall, the variations wererelated io the variation in body weight among groups. Actual mean feed consumption was decreased inhigh-dose males relativeto controls for the first yearofthe sud.~Dose-related occurrenceof ataxia in females was the only clinical sign observed.A statistically significant (p<0.05) decrease inredblood cell parameters was noted in the high-dose:males as compared to the controls.
A statistically significant (p<0.05) increase in relative liver and kidney weights was found in high-dosemales and an increase in relative kidney weights was found in high-dose females.
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Histopathological effects were notedi the liverofhigh-dose males and femalesUrinary findings included increased incidence and severity ofalbumin and occult lood in all male andfemale control and FC-143-tratcd groups at 12, 18. and 24 months. These findings were morcpronounced in males than in females at the termination of the study.Rats given the test atiele experienced a suspected outbreak ofsialodacryoadenits (SDA) viral infectionbetween the frst and second monthsofthe study: however, he presence of virus was not confined
CONCLUSIONS
“The study results are summarized as follows:

“Treatment related changes were found more commonly in males than in femalesofcach ofthe twotreatment groups, which were supportedbyearlier pharmacokineticstuds demonstratinga higher retentionof FC-143 by males thanfemal.
“The test material was consideredtobecarcinogenic in the ra, inducing testiular/Leydig cell morsin the males and mammary gland tumors in females,Based on decreases in body weight gain, increas in liver and kidhey weights and tosiciy in thehematological and hepatic systems, the LOAEL for male and female ratsi5 300ppm (male: 14.2 mg/kg/day  female:16.1 mg/kg/day). [TheLOAEL for male rats i 1.3 mg/kg/day if salivary gland sialadenits isbased upon. the LOAEL for female rats is 1.6 mg/kg/day if increases inthe incidencesofataxia (a clinical sgn) and ofovarian tubularhyperplasia (may be reversible) are based upon].The dose-dependent inccases in neoplasic and non-neoplastic lesions were a follows:» testicular Leydig cell adenoma (p-<0.05 a high dose) and vascular mineralizationofthe testes(9 <0.05 at high dose)

«thyroid C-coll adenomasin low-dose males.
« thyroid C-cell hyperplasia in high-dose females
« mammary gland fibroadenomas in females (p <0.03 at high dose)«lung lesions inmales (p <0.05 at high dose)« salivary gland sialadenitis in males (p <0.05 at low and high doses)= ovarian tubular hyperplasia in females (p <0.05 at low and high doses)« megalocyosis inthe fiver of males and females (p< 0.05 at igh dose) with increases in revetiver weight and levationsofserum enzyme activites indicative of ive toxicity+» cystoid degeneration and portal mononuclear cell infiltration in the liverofmales (p <0.05 athigh dose)

Remarks: Influenceof potential ira infection in male Sprague-Dawley ras at both doses on thefesponse 0 the test substance s ot clear. Salodacryoadenits virus (SDAV) is a common viral infectionof F344 rats; evaluation of 29dict control at groups at 3diffrent laboratories withandwithout vialinfection found no consistent influence ofira infection on body weight, survival,o tumor prevalence(Rao, cta., 1988).
REFERENCE

3M Company/Riker Laboratories, Inc. Two Year Oral (Die) Toxicity/ Carcinogenicity Study ofFluorochemical FC-143 in Rats. Experiment No. 0281CRO0I2. St. Paul, MN. SEH. 1087-0394, Oct.16. 1987.

264

06090163



Rao, GN. Edmondson,J. and Haseman 1K. Influenceof viral infections on tumor incidences, bodyweight and survival ofFischer 344 ras. Toxicologist, 8166, 1988,
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REPEAT DOSE STUDIES
Title: Mechanismsof Extrahepatic Tumor Induction by Peroxisome Prolifeators 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 (VIN): Unknown

Vear study performed: 2001 (publication date)
Speciesistrain: Crl: CD BR rats from Charles River Breeding Laboratories (Raleigh, NC).
Sex: Males

Number of animals per dose group: 156
Routeof administration: dict

Doses tested and frequency: 0, 300 ppm
Post-observation period: None

Statistical methods used: One-way analysis of variance. When corresponding F-test for differencesamong groups was significant, pairwise comparisons were made with Dunnett’ test. The Bartlet’ testfor homogeneityofvariance was also performed. Nonparametric procedures included Kruskal-Wallis testfor equal medians and Mann-Whitney U test for pairwise comparisons,
Remarks: Hormonal analysis was conducted in 10 rats. Blood was colleted from the tail vein about1.3.6.9. 12,15, 18, and 21 months after initiationof the study. Scrum was prepared and frozen and thenanalyzed for testosterone, estradiol, lucinizing hormone, follicle stimulating hormone, and prolactinconcentrations. All samples were analyzed simultancously in duplicate.
Rats were euthanizedatinterimtimeperiods (1,3, 6,9, 12, 15, 18,and 21 month). Testes,epididymides, accessory sex gland (ASG) unitwith fluid, coagulating gland/seminal vesicle (with fluidremoved), prostate, and liver were weighed,

266

000165



AL24 months, surviving rats were necropsied. Brain, heart, liver,spleen, kidneys, ASG unit, coagulatingeland/seminal vesicles with fluid removed, prostate, epididymides, and testes ware weighted at necropsy.Liver, testes, epididymides, pancreas, and organs with gross lesions were examined microscopically forlesions.

Six rats/group were selected for evaluationsof cell proliferation. For each tissue type, 1000 cells werescored.

Six rats/group were selected for evaluationofperoxisome proliferation. f-oxidation activity from liverand Leydig cell peroxisomes was measured at all interim time points. f-oxidation activity wasdetermined using the method of Lazarow (1981).

RESULTS

Toxic responses and effects:

Body weight, food consumption, and survival: From est days § to 630, body weight was significantlydecreased in the C8 group versusthead libitum control group. The decreased body weight was primarilyduc to reduced *food efficiency’. On day 714ofthe test, survival in the C8 group was increasedcompared with the control group (statistical significance not indicated). [Hematological changes werediscussed in a separate article.)

Liver: Relative liver weights and hepatic f-oxidation activity were significantly increased at all times (p0.05) when compared withoneor more control groups. C8 produced a statistically significant increase(p< 0.05) in incidenceofhepatocellular adenomas (10/76, 13% vs. 2/80, 3% in controls).
‘Testis: Tests weights were statistically significantly increased (p <0.05)at 24 months in CS-treated rats.incidences of Leydig cell hyperplasia and adenomas were also statistically significantly increased (p<0.05); the incidence of Leydig cell tumors was 8/76(11%) as compared to 0/80 (0%) in controls.
Pancreas: Pancreatic acinar cell proliferation was statistically significantly increased (p < 0.05) at 15,18. and 21 months. Incidenceofacinar cell hyperlpasia and adenomas was significantly increased in C8rats (p < 0.05). Carcinoma was observed in one C8-treated rat (not statistically significant). Thecombined incidence of acinar cell adenoma and carcinoma was 8/76 (11%) whereas that ofthe controlwas 0/80 (0%).

Serum hormone measurements: Serum estradiol concentrations were significantly elevated (p < 0.05)at 1.3, 6,9, and 12 months compared to control groups. There were no consistent differences in scrumtestosterone, FSH, prolactin, or LH concentrations in the treated rats when compared to the controls
Statistical results: Statisticallysignificant results are reported above,
Remarks: A full rangeof organs and tissues was not examined histologically. Therefore, it is unknownwhether the mammary gland tumors observed in the carlier multi-dose study (3M, 1987) was induced inthis study.
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CONCLUSIONS

“The study demonsirate that C8, peroxisome prolierator, induces hepaticaswell as extrahepatic tumors(Gestis and pancreas) in CD rats. Data from this study also suggest that the inductionofLeydig celltumorsbyC8is a result of asustained increase in serum estradiol concentration
Remarks: none.
Last Modified: 703/01
REFERENCE

Biegel, L.B., Hurt, M.E, Frame, S.R., O'Connor, J.C. and J.C. Cook. 2001. Mechanisms ofextrahepatic tumor induction by peroxisome prolifeators in male CD rats. Toxicological Sciences. 60:pret

3M. Final report of“ Two year oral (dict) toxicity and carcinogenicity studyof fluorochemical FC-143(perfhuorooctananeammonium carboxylate) in rats. Vol. 1-4, AM/RIKER Exp. No. 0281Croo12: SEHO-1087-0304, Oc. 16, 1987.
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DEVELOPMENTAL TOXICITY
Title: Oral Teratology Study of T-2998CoC in Rats
TEST SUBSTANCE.

Identity: Ammonium Perfluorooctanoate (APFO) or T-2998CoC (FC-143)
Remarks: Purityofthe test substance was not indicated.

METHOD

Method Guideline followed: The procedure compli with the general recommendationsof the FDAissued in January, 1966 (“Guidelines for Reproduction Studies for Safety EvaluationofDrugs for HumanUse"). The study was conducted according 10 the 1978 Good Laboratory Practice Regulations and SafetyEvaluation Laboratory's Standard Operating Procedures.

GLP (VIN): Yes

ear study performed: 1951

Species/Strain: RavSprague Dawley-derived CD.
Number of animals per dose: 22

Routeof administration: Oral gavage
Dosing regimen: Five groupsof22 time-mated Sprague-Dawley rats were administered 0, 0.05, 1.5, 5,and 150 mg/kg/day APFO in waterby gavage on gestation days (GD) 6-15. A constant dose volume of§mig was administered.

Doses: 0.0.05, 15,5, and 150 mg/kg/day
‘Statistical methods used: Dunnett’s «test for dam and pup weights, numberoffetuses, numberof resorption sites,numberofimplantationsites and number ofcorpora lutea; Chi square forpercent abnormalities.

Remarks—Detail and discuss any significant protocol parametersand deviations: Based on theresults ofa ange finding study, an upper dose level of 150 mg/kg/day was set for the definitive study inwhich five groups of22 time-mated Sprague-Dawley rats were administered 0, 0.05, 1.5, 5. and 150‘mykg/day APFO in distilled water by gavage on gestation days (GD)6-15. Doses were adjusted according to body weight. Dams were monitored on GID 3-20 for clinicalsigns of toxicity. Individual body weights were recorded on GD 3, 6,9, 12, 15, and 20. Animals weresacrificed on GD 20 by cervical dislocation and the ovaries, utri, and contents were examined for theumber of corpora futea, number ofviableand non-viable fetuses, number of resorption sites, and numberoFimplantation sites. Fetuses were weighed and sexed and subjectedto external gross necropsy.Approximatelyone-thirdof the fetuses were fixed in Bouin-=s solution and examined for visceral
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Somormaiics by frc-hand sectioning. The remaining fuss were subjected to skeletal examination
using alizarin red
RESULTS
Ilsp and ect) maternal and declopmenta. The NOAEL fo matemal oxic is 5
meke/dy. The NOAEL frdevclapmena oxi 150 mg pay. hehighest dose tested.Igfoend et) - maternal and developmental: The 0A maternal tociy is 150
Neey based on satistically significant reductions in ra marr body weight, taxi, and death,
onsofdevelopmental toxicity were ahsrved at a ds
Soni responseefects by doselevel-maternal: Signsof maternal toxicity consistedof stistcalyehonmsaeductons in mean mcm body weight on GD 5. 1 ar ataxia and death, all a the
High-dose group of 150 mg/day.
doe esbonselfect by dose evel - developmental: Nossa significant signs ofdevelopmental toxicity were scena any dose fan
Statistica resus:

bod wa Satelit eduions Duets cs p05) in mean materoh Ih were observed on gestation dys 5, 16, 15. eainformation waslablefo ther signs of matemal oxiciy (aos and don
a; A satisically significant increase (Chi-square, 0.08 in one stemcbrac missingas observed thehighest dosed grou of150mpa
Remarks- Additional information to adequately assess the data:
ony mal oxisity consistedofsstically significant eduction in mean maternal body weights
Com 2a 15 tte high-dose group of 150 mgd. crbody weight on GD 20
Someta remain ower than contol, although he diftpee weswistically significant, Orher
rortGanals occuring ony a the high dos roupewcEobserved in
tas ams. No other effects wer report. Adisossduring gestation did no appear
t0.affect he varies or reproductive tract contact of he
ranean ighe incidence in tues with on mising stra was observed at the high-doseSoero orEe:ouris skeletal vrton tyeer eerep the athe three
beers 0sila incidence but ower tha the hgh-dp y therefore was not considered to
esammentrelated, Nosigniican ifrences benvesn pony prone. 0UDS were noted for other
onsopmental pacametrs thst included he mean merrsfemales otal and dead fetuses,
eerofesomion sits, mplniion is comps rc fetus weighs. Likewise,
rsof amin nally describeda riety ofsromnchanges localized o heroryona sulcus, was ce dinedtoanaypoEEsectioning technique
and therefore not considered 10 betreatmentretoes
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CONCLUSIONS

Comment on authors conclusionsand whether you agree:
Conclusions are summarized above and this reviewer agrees.
REFERENCE

Gortner.E. 1981. Oral Teratology Study of T-2998CoC inRats. Riker Laboratories,Inc.,St. Paul, MN,Experiment#0681 TRO 10, December 1981
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DEVELOPMENTAL TOXICITY
Title: Oral Teratology Studyof T-3141CoC in Rabbits
TEST SUBSTANCE

Identity: Ammonium Perfluorooctanoate (APFO) or T-3141CoC (FC-143).
Remarks: According to the study authors, thanalyticalreport (Appendix IV) demonstrated that T-3141CoC has an analysis within specifications, is sable and is representativeof commercial material, Bythis analysis, the Cx acid was 97.6% and 98.4%ofthe test substance pre-sudy andpoststudy.respectively.

METHOD

MethodGuideline followed: The procedure complies with the gencral recommendationsof the FDAissued in January, 1966: AGuidelines for Reproduction Studics for Safety Evaluationof Drugs for HumanUse@

Type of study: Developmental Toxicity
GLP (VIN): Yes

ear study performed: 1981

‘Species/Strain: New Zealand White/Minikin rabbits
Numberof animals per dose: 15
Routeofadministration: Oral gavage
Dosing regimens Four groups of 18 pregnant New Zealand White rabbits were administered 0, 1.5, 5, and50 ma/kg/day APFO in distilled water by gavage on gestation days (GD) 618. A constant dose volumeof 1 mig was administered.

Doses: 0, 1.5,5, and 50 mg/day
Statistical methods used: Dunncit= es for dam and pup weights, number of fetuses, number ofresorption sites, numberof implantation sites and number ofcorpora lutea; Chi-squaretestwith Yatescorrection for percent abnormalities.
Remarks - Detail and discuss any significant protocol parameters and deviations: Based on theresults ofaange-finding study, an upper dose levelof S0 mg/kg/day was set for the definitive study inwhich four groups of 18 pregnant New Zealand White rabbits were administered 0, 1.5, 5, and 50‘mg/kg/day APFOindistilledwate by gavage on gestation days (GD) 6-18. Pregnancy was established inach sexually mature female by i.v. injection of pititary lutenizing hormone in order 0 induce ovulation,followedby artificial inseminationwith 0.5 mofpooled semen collected from male rabbit: he day ofinsemination was designateda day 0ofgestation. A constant dose volume of | mI was administered.
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Individual body weights were measured on GD 3, 6,9, 12, 15, 18, and 29. The doss were observed dailyon GD 3.29 for abnormal clinical signs. On GD 29, the docs were cuthanized and the ovaries, sterus andconten examined for the numberofcorpora lutea, lveand dead fetuses, esorptions and implantationsits. Fetuses were examined for gross abnormalities and placed in a 37 incubator fora 24 hoursurvival check. Pups were subsequently euthanized and examined for visceral and skeletal abnommaliis.A blood sample was taken from six does prior fo dosing and then on GD 13 and 29; a iver sample wastaken from the same animals on GD 29. All samples were sen o the sponsor for analysis, Thisinformation was unavailable at the imofthis vic.
RESULTS
NOAEL (dose and effect) maternal and developmental: A NOAEL of50 mg/kg/day, th highestdose tested, for matemal oxicty was indicated. A NOAEL for developmental ticity could not beestablished since signsofdevelopmentaltoxicity were seen at all doses, with statistical significance atthehighest dose
LOAEL (dose and effect) - maternal and developmental: No signs ofmaternal toxicity were observedatany dose level. The LOAEL for developmental osicity is 50 mg/kg/day, basd on dose-relatedincreases ina skeletal variation, with statistical significancea th high-dose group.
“Toe responseleffects by dose level B maternal: Signsof maternal toxicity consistedofstatisticallysignificant transient reductions in body weight gin on GI) 6-9 when compared to controls; body weightgains retumed to contol levels on GD12-29.
Toxic responseleects by dose levelBdevelopmental: Signs ofdevelopmental toxicity consisted ofdose-related increase ina skeletal variation, extra ribs or 13° ib, with statistical significance t he hghdose groupof S0 my/kg/day.
Statistical results:
Matemal data: Statistically significant reductions in mean body weight gains (Dunnett=s test,P<0.05) between gestation day 6-9 wer observed inthe highest dosed-groupof S0 mg/kg/day.After gestation 9 mean body weight gains were comparable to control animals for all doscd-groups.
Fetal data: Dose-telated increases in. skeletal variation, extra ribs or 13 rib, with statistical significance(Dunnett-s est, 0.05) at the high-dose group (38% at 50 mg/kg/day, 30% at S mekgiday, 20% at 1.5mekg/day, and 16 % at 0 mg’kg/day). A satstiealy significant increase (Dunneti= fest, 0.05) in 13°ribs-spurred occurred in the mid-dose group of§ mg/kg/day.
Remarks - Additional information to adequately assess the data:
Signsofmaternal toxicity consistedof statistically significant ransint reductions in body weight gain onGID 69 when compared to controls;body weight gain returmed to control levels on GD12.20.Administrationof APFO during gestation did not appear 0 affct he ovaries o reproductive tractcontents ofthe docs. Six deaths occurred during the study; however, fiveof the sixdeaths were attributedto gavage errors. No clinical or othertreatment.related signs were reported.
No significant differences were noted between controls an treated groups for the number ofmales andfemales dead or live fetuses, and fetal weights. Likewise, there were no significant differences reportedfor the numberofresorption and implantation sites, corpora luca, the conception incidence, abortion rate,
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or the 24 hour mortality incidence of th fetuses. Gross necropsy and skeletalvisceral examinations wereunremarkable. The only signofdeclopmenta oxicity consistedof dose elated increas in askeleelvariation, extra ribs or 13 ib, with statistical significance a the high-dose group (38% at S0 mg kg/day,30% aS mukg/day, 20% a 15 mgkgday, and 16% at 0 me’kgiday). A statistically significantincrease in 13” ribs-spurred occured inthe mid-dose group ofS mg/kg/day: however, the biologicalsignificanceof this effect is uncertain sinc in both the high- and low-dose groups, his eect ocemed atthe same rae and was not statisticallysignificantlydiffrent fom controls.
CONCLUSIONS
‘Comment on authors conclusions and whether you agree: This reviewer docs not agree with heconclusions of the authors tht the findingof extra ribs, o 13° ib, this particular study ar not 3 sign ofdevelopmental toxicity. While it is agreed tha the biological significanceofan ahered incidence ofanatomical variations is dificult 1 asess, the incidence of 13* iin this study showed adose-relatedincrease with statistical significance a the highest dosdgroup, in the sence ofmaternal toxicity. andtherefore is evaluated ss possible indicationofdevelopmental toxicity.

REFERENCE
Gortner. E.G. E.G. Lamprecht, MT Case. 1982. Oral tratology studyofT-3141CoCinrabbits. 3MCompany. Riker Laboratories, Inc, St. Paul, MN. Experiment No. 068 I TBO398, February 1982.
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DEVELOPMENTAL TOXICITY
Title: The Embryo-Fetal Toxicity and Teratogenic Potential of Ammonium Perfluorooctanoate in the Rat
TEST SUBSTANCE

Identity: Ammonium perfluorooctanoate (APFO), pentadecafluorooctanoic acid ammonium salt,ammonium perfluorooctznoate, ammonium perfluorocaprylate, PFO, FC-116, FC-126, FC-169, FC-143,or as a major componentof FX-1003 (CASRN 3825-26-1)
Remarks: The test substance, APFO [CF(CF:)COONH,J, was obiained from 3M (St. Paul, MNSSL44). It purity was >95%; the contaminants present were [CF,(CF:)COONHL] and PFOA isomers. Noinhibitor. carriers, or additives were present. Degradation of APFO was considered insignificant unfossthe temperature wasto exceed 250°C (unpublished Du Pont data).
METHOD

MethodGuideline followed: Not specified
GLP (Y/N): Not specified

Year study performed: 1984

Species/Strain: RaSprague-Dawley derived, Crl:CD (SD)BR strain.
Number of animals per dose: For the inhalation portionof the study, two tials with 12 mated femaleratsgrouptral. Two additional, pair-fed groups (6 dams/group), were added to Experiment 1 (ieratology),and two groups (6 dams/group) were added to Experiment2 (dams allowed to liter). For the gavage-expasure portionofthe study, 25 and 12 mated fermale rats at cach exposure concentration were includedin Experiment I(tcratology) and Experiment 2 (dams allowedtoliter), respectively.
Routeofadministration: Inhalation and oral

Dosing regimen (ist all with units): For the inhalation portionof the study, the two tials consisted of12 pregnant Spraguc-Dawley rats pe group exposed to APFO by whole-body vapor inhalation 0.0, 0.1,110. and 25 mg/m’6 hours/day, on GD 6-15; two additionalgroups (6 dams per group) that were pair-fed 0 the 10.and 25 mg/m’ groups, were added to each trail. In the oral portionof the study, 25 and 12‘Sprague-Dawley rat for the first and sccond trials, respectively, were administered 0 and 100 mg/kg/dayAPFO 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-fed to the10and 25 mg/m’ groups: for oral exposures: 0 and 100 mg/kg/day.
Statistical methods used: The liter was used asthe experimental unit for the purposeofstatisticalevaluation (Staples and Hascman, 1974; Haseman and Hogan, 1975), The significance ofdifferences inthe incidence ofpregnancy, clinical signs. and maternal death was detemined by use ofhe Fisher-exactprobability test (Siegel, 1956). A two-way analysis ofvariance was used to detcet differences in focd‘consumption among brecding lots and between groups. Dunnet’ test (Steel and Torre, 1960) was uscdtest 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 wassignificant. The presenceof concentraion-relted responses for he inhalation portionof the sud wasdeterminedby Jonckheere's test (Jonckheere, 1954). The significance ofdifferences in incidence ofsinictural alterations between the control group and the APFO group was determined by applicationof theMann-Whitney U test (Mann and Whitney, 1947). When more than 75% tes occurred in the data, theFisher's exact probability test wasapplied (Haseman and Hoel, 1974). The levelofsignificance selectedwasp[ 0.05. Variability about means was expressed as standard errorofthe mean (SE). In addition.several reproducindices were calculated for some results from Experiment2 (dams allowed to fice),
Remarks - Detail and discuss any significant protocol parameters and deviations: The study designconsisted ofan inhalation and an oral portion, cach with twotrial orexperiments. “The first ial was the.teratology portion ofthe study, in which the dams were sacrificed on GI 21 while in the second trig, thedams were allowedto litte and the pups were sacrificed on day 35 post-partum. For the inhalationportionofthe study, the two trials consisted of 12 pregnant Sprague-Dawley rats per group exposed toAPFO by whole-bodyvapor inhalation 10.0, 0.1, 1,10, and 25 mg/m’ 6 hours/day,onGD6-15, Intheoral portion of the study, 25 and 12 Sprague-Dawley rat for the frst and second trials, respectively, were.administered 0 and 100 mg/ke/day APFO in com oil by gavage on GD 6-15, For both routes ofadministration, females were mated on an as-needed basis and when the numberofmated fomales werebred. they were ranked within breeding days by body weight and assigned to groups by rotation in orderofrank. Finally, two additional groups six dams per group) that were pair-fed10 the10 and 25 mg/m’groups, were added10 each trail.

For the teatology portionofthestudy (ral one), dams were weighed on GD1,6,9, 13, 16, and 21 andobserved daily for abnommal clinical signs. On GI 21, the dams were sacrificedby cervical dislocationand examined for any gross abnormalities, liver weighs were recorded and the reproductive status ofeachanimal was evaluated. The ovaries, uterus and contents wer examined for the numberofcorpora utes.live and dead fetuses, resorptions and implantation sites. Pups (live and dead) were counted, weighed andsexed and examined for external, visceral, and skeletal alterations. The headsofall control and high-dose‘group fetuses were examined for visceral alterations as well as macro-andmicroscopic evaluationoftheeyes.

For tial two, in which the dams were allowedtolite, the procedure was the same as that fortral one up to GD 21. Two days before the expected dayofparturition, cach dam was housed inan individual cage. ‘The datcofparturition was noted and designated Day | postpartum (PP),‘Dams were weighed and examined for clinical signs on Days 1, 7, 14, and 22 PP. On Day 23 PPalldams 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 eyes of the pups were also examined on Days 15 and 17 PP for the inhalationportion and on Days 27 and 31 PP for the gavage portion ofthe study. Pups were sacrificed onDay 35 PPand examinedforvisceral and skeletal alterations.
RESULTS

NOAEL (dose and effect)- maternal and developmental:

Inhalation: For tial one- the NOAEL for maternal toxicity is | mg/m’; the NOAEL fordevelopmen toxicity is 10 mg/m’ For tial two — the NOAEL for maternal toxicity is 1mg/m’s theNOAEL for developmental toxicity is 10 mg/m.
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Oral: A NOAEL could not be determined for either maternal or developmental toxicity since thisportion of the study used only one dose level,

LOAEL (dose and effect)~ maternal and developmental:
Inhalation:

For rialone- the LOAEL for maternal toxicity is 10 mg/m’, based on treatment-related clinical signs(consistingofwet abdomens, chromodacryorrhea, chromorhinorrhea, andageneral unkept appearance),and significant reductions in food consumption and body weight; the LOAEL for developmental toxicityis 25 mg’, based on reductions in mean fetal body weights and a statistically significant increasedincidence of fetuses with partially osified stemebrac.
For tial two — the LOAEL for matemal toxicity is 10 mg/m’, based on treatment-related clinical signs.consisting of wet abdomens, chromodacryorrhea, chromorhinorrhea, and ageneral unkept appearances theLOAEL for developmental toxicity is 25 mg/m’, basedonsaistically significant reductions in pup bodyweight

Oral: ALOAELcould not be determined for either maternal or developmental toxicity since thisportionof the study used only one dose level.

‘Toxic responsc/effects by dose level - maternal:
Inhalation

At10and 25 mg/m’, reatment-related clinical signsof maternal toxicity, and reductions in food‘consumption and body weight; at 25 mg/m’, statisticallysignificant increases in liver weights; lethargyand death,
Onl

A100 mg/kg/day, the only dos tested: clinical signsof toxicity, reductions in foodConsumption, reductions in body weight gains,anddeaths.

“Toxic response/effects by dose level - developmental:

AL2S mgm, reductions in mean fetal and pup body weights and statisicaly significant
increases in the incidence of fetuses with partially ossified sterncbrac.

Onl
A100 mgkg/day, the only dose tested, no signsofdevelopmental toxicity ware observed.

Statistical results:

Inhalation - maternal
At10and 25 mg/m’: treatment.related clinical signsofmatemal toxicity (no statistical significanceassigned). significant reductions in food consumption (21.8 + 0.46 vs 23.4+ 0.38 in controls), andsignificant reductions in body weight with statistical significance at 25 mg/in’ (Dunnett's est, 0<0.05):25 mg’: staisicaly significant increases in mean liver weights (two-tailed Mann-Whitney Utest,P<0.05); lethargy (4 out of 12) and death (3 out of 12 dams)
Inhalation - developmental
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ALS mg/m, reductions in mean fetal (p = 0.002) and pup body weighs (p ~ 0.02), andstatistically significant increases (p = 0.04 by the two-tailed Mann-Whitney, U test) in theincidence offetuses with partially ossified sterebrac.

Oral:maternal
A100 me/kg/day, the only dose tested: clinical signsof toxicity (no statisticalsignificance assigned), reductions in food consumption (no statistical significance assigned),reductions in body weights gains (p< 0.05), and deaths (3 out of 12 dams),

Oral developmental
No statistically significant differences were noted between trated and control groups for any ofthe parameters measured.

Remarks ~Additional information to adequately assess the data:
InhalationExposure

“Trial One:

Treatment.related clinical signsofmatemal toxicity for tral one (teratology) occurred at 10.and 25mg/m’ and consistedofwet abdomens, chromodacryorrhea, chromorhinorrhea, general unkeptappearance, and lethargy in four dams at the cad ofthe exposure period (high-concentration group only),‘Thee out of 12 dams died during treatment at 25 mg/m’ (on GD 12, 13, and 17). Food consumption wassignificantly reduced at both 10 and 25 mg/m’; however, no significant differences were noted betweentreated and pair-fod groups. Significant reductions in body weight were asoobserved at hese.‘concentrations. with statistical significance at the high-concentration only. Likewise, statisticallysignificant increases in mean liver weights were seen at the high-concentration group. Under theconditionsofth study. a NOAEL and LOAEL for maternal toxicity of| and 10 mg/m’, respectively, wasindicated.

No effets were observed on the maintenanceofpregnancy or the incidenceofresorptions. Mean fetalbody weights were significantly decreased in the 25 mg/m’ group and in the control group pair-fed 25.mg/m’. A detailed microscopic visceral and eye examination ofthe fetuses did nol reveal any treatment.related effects: however in the control group that was pair-fed 25 mg/m, a statisticallysignificantincreased incidence offetuses with partially ossified stemebrae was observed. Under the conditions ofthe study. a NOAEL and LOAEL for developmental toxicity of 10 and 25 mg/m, respectively, wasindicated.

“Trial Two:

Clinical signsof maternal toxicity seen at 10 and 25 mg/m’ were similar in type and incidence as thosedescribed for rial one. Matemal body weight gain during treatment at 25 mg/m’ was less than controls,although the difference was not statistically significant. In addition, 2 out of12 dams died during.treatment at 25 mg/m’. No othertreatment.related effects were reported, nor were any adverse effectsnoted for anyofthe measurcmentsofreproductive performance. Under the conditions ofthe study,aNOAEL and LOAEL for matemal toxicity of and 10 mg/m’, respectively, were indicated.
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Signsofdevelopmental toxicity in this group consisted ofstatistically significant reductions in pup bodyweight on Day PP (6.1 gt 25 mg/m’ vs. 6.8 g in controls). On Days 4 and 22 PP, pup body weightscontinued to remain lower than controls, although th differen was not statistically Significant (Day 4PP: 9.7125 mg/m’ 5.10.3 in conrols; Day 22 PP: 49.0 gat 25 mg/m’ vs. 50.1 in controls). Nosignificant effects were reported following external examination ofthe pups or with ophthalmoscopic‘examination of the eyes. Under the conditions of the study, a NOAEL and LOAEL for developmentaltoxicity of 10 and 25 mg/m’. respectively, were indicated.
ulExposure
Trial One:

Thice out of 25 dams dicd during rcatment of 100 mg/kg APFO during gestation (one death on GD 11;0 on GD 12). Clinical signs of matemal toxicity in the dams that dicd were similarto those seen withinhalation exposure. Food consumption and body weighs were reduced in treated animals compared 10controls. No adverse signs of toxicity were noted for anyofthe reproductive parameters such 0smaintenanceofpregnancy or incidenceofresorpions. Likewise, no significant differences betweentrated and control groups were noted for fetal weights, o in the incidencesof malformaons andvariations; nor were there any effects noted following microscopic examinationofthe eyes.
Trial Twos

Similar observations for clinical signs were noted fo the dams a in trial one. Likewise, no adverse.effects on reproductive performance or in anyof the fetal obscrvations were noted.
CONCLUSIONS

Commenton author's conclusions and whether you agree: Theauthor'sconclusions appear 0 besupported by the data.

REFERENCE
Provide ful citationofstudy reviewed: Staples, RE. et a. 1984. The Embryo-Fetal Toxicity andTeratogenic Potentialof AmmoniumPerfluorooctanoate (PFOA)i the Rat. Fundamental and Applied‘Tovicology. 4:429-440. Thi studywasperformed at Haskell Laboratory for Toxicology and IndustrialMedicine, Newark, DE 19711
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REPRODUCTIVE TOXICITY STUDIES
“Title: ORAL (GAVAGE) TWO-GENERATION (ONE LITTER PER GENERATOIN)REPRODUCTION STUDY OF AMMONIUM PERFLUOROOCTANOATE (APFO) IN RATSARGUS RESEARCH LABORATORIES STUDY NUMBER: T-6389.6, 2002.
TEST SUBSTANCE

Identity: Ammonium Perfluorooctanoste, CAS No. 3825-26-1
Remarks: The test substance was received on November 7, 2000 and stored at room temperature.Solutionsofthe test substance were prepared weekly at the esting facility and prepared formulationswere stored refrigerated, protected from light Information garding he purity, entity strength md‘composition of the test artic s on fle with the Sponsor

METHOD

‘MethodGuideline followed (i, OECD 414, etc): The requirementsofthe U.S.Environmental Protection Agency (EPA) were used s a bass or the study design.

“Type of study (one-generation, Owo-generation, tc): Tuo-generation reproductive ticity
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 orintegrity of the study. Quality Assurance Unit findings derived from the inspections during theconduct ofthis study have been documented.

Year study performed: 2001

SpeciesStrain: Sprague Davey ras
Sex (males/femalesboth): Both
Number of animals per doses 0

Routeofadministration: Gavage
Dosing regimen (ist al with units): Five groupsof 30 ats pr sx per dose group were administeredPROS by gavage for six weeks prior and during mating. Treatment of the FO mate rats continued untilmating was confirmed, and treatment ofthe FO female rats continued throughout gestation, parturition.and lactation.
Doses: 0. 1,3, 10, nd 30 my/kgday.
Premating exposure period for malesfemales (P and F1, if appropriate: Male and female Peneraton ats were given tet substance once daily, beginning at approximately si weeksof age
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(atleast 70 days before cohabitation)and continuing until the day before sacrifice. F1 generation‘males and females were given dosages once daily, beginning at weaning (approximately 70 daysbefore cohabitation)and continuing until the day before sacrifice.
Statistical methods used: Continuousdata (body weights, body weight changes, feedconsumption data, durations ofgestation and delivery, fitter averages for pup body weights andpercent male fetuses or pups and mortality, and cumulative survival) were analyzed usingBartlett's Testof HomogeneityofVariance and Analysis of Variance (ANOVA) whenappropriate (.c., Bartlett'sTest was not significant or p>0.001). If the ANOVA was significant(p= 0.05), Dunnet’s Test was used to identify the statistical significanceofthe individualgroups. If the ANOVA was not appropriate, i...p<0.001, the Kruskal-Wallis Test was used. Incases where the Kruskal-Wallis Test was statistically significant (p < 0.03), Dunn's Method ofMultiple Comparisons was used to identify the statistical significance of the individual groups. Ifthere were greater than 75% tes, Fisher's Exact Test was used. All other natural delivery datainvolving discrete data were evaluated using Kruskal-Wallis Test procedures previouslydescribed.

Remarks - Detail and discuss any significant protocol parameters and deviations:
FO Generation

The FO animals were examined twice daily for clinical signs, abortions,prematuredeliveries, and debs.Body weights of F0 male rats were recorded weekly during the dosage period and then on the day ofsacrifice. Body weightsofFO female ats were recorded weakly during the pre- and cohabitation periodsand then on gestation days (GD) 0, 7. 10, 14, 18, 21,and 25 (ifnecessary) and on lactation days (LD) 1, 5,811,15, and 22 (terminal body weight). Food consumption values in FO male ats were recorded weeklyduring the treatment period, while in FO female rats, values were recorded weekly during theprecohabitation period, on GDS 0, 7, 10, 14, 18, 21, and 25 and on LDs 1,5, 8,11, and 15,
Estrous cycling was evaluated daily by examinationofvaginal cytology beginning 21 days before thescheduled cohabitation period and continuing until confirmationofmating by the presenceofsperm in avaginal smear or confirmation ofa copulatory plug. On the dayofscheduled sacrifice, the stageoftheestrous cycle was assessed.

Within cach dosage group, consecutive order was used (0 assign parental generation ats to cohabitation,one male rat per female rat. The cohabitation period consisted ofa maximumof 14 days. Female ratswith evidenceofsperm ina vaginal smear or copulatory plug were designated asGD0and assigned toindividual housing. Parental female were evaluated for lengthofgestation, fertility inde, gestationindex. number and sex ofoffspring per ltr, numberofimplantation sits, general conditionofthe damand litter during the postpartum period, liter size and viability, viability index, lactation index. percentsurvival. and sex ratio. Maternal behavior of thedamswasrecorded on LDs 1,5, , 15, and 22.
FO generation animals were sacrificed by carbon dioxide asphyxiation (day 106 to 110 ofthe study formale rats, i.c., afer completion of the cohabitation period; and LD 22 for female rats), necropsied, andexaminedforgross lesions. Gross necropsy included examination ofexternal surfaces and orifices, 4swell as intemal examination of tissues and organs. Individual organs were weighed and organ-to-bodyweight and organ-to-brain weightratios were calculated forthebrain, kidneys, spleen, ovaries, tescs,thymus, liver, adrenal glands,pituitary,uterus with oviducts and cervix, eft epididymis (whole andcauda), ight cpididymis, prostate and seminal vesicles, (ith coagulating glands and with and withoutfluid). Tissues retained in neutral buffered 10% formalin for possible histological evaluation included the
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pituitary, adrenal glands, vagina, uterus, with oviduets, cervix and ovaries, right testis, seminal vesicles,right epididymis, and prostate. Histological examination was performed on tissues from 10 randomlyselected rats per sex from the control and high dosage groups. All gross lesions were examined.histologically. All FO generation ats that did or appeared moribund were also examined.
Histological examinationofthe reproductive organs in the low- and mid-dose groups was conducted inats tha exhibited reduced fertility by cither filing to mat, conceive. sir,ordeliver healthy offspring: orfor which estrous cycliciy or sperm number, molilty. or morphology were altered. Sperm pmber.motility. and morphology were evaluated in the left cauda epididymisofFO generation male rats,testicular spermatid concentrations were evaluated in the let testis. The number and distribution ofimplantation sits were recorded in FO generation female rats. Rats that id not deliver  fter weresacrificed on GD 25 and examined for pregnancy status. Uteriof apparently nonpregnant rats were.‘examinedto confirm the absenceof implantation sites. A gross necropsy ofthe thoracic, abdominal andpelvic viscera was performed. Female rats without aconfirmed mating date that did not delivera iterwere sacrificed on an estimated day 25of gestation.
At scheduled sacrifice, after completionofthe cohabitation period in FO male rats and on LD 22 in FO.female ats, blood samples (10 males and 10 females cach for the 10 and 30 mg/kg/day dose groups; 3males and 3 females for the controlgroup)were collected and frozen for future analysis. The methodssection cies that liver samples were alsocollected,but no other details were provided and theresultsdidnot appeartobe available at the fimof the report.
EL Generation

‘The FI generation pups in each litter were counted once daily. Physical signs (including variations fromexpected lactation behavior and gross extemal physical anomalies) were recorded for the pups cach day.Pup body weights were recorded on LD 1,5, 8, 15.and 22. On LD 12, all FI generation male pups wereexamined for the presenceof nipples. Pupsthatdid before examination ofthe liter for pup viability onLD | were evaluated fo vital status at bith. Pupsfounddead on LD 2 0.22 were examined for grosslesions and for the causeofdeath. All FI generation rats were weaned onLD 22 based on observed‘rowih and viabilityof these pups
Au weaning (LD 22), two FI generation pups per sex pe iter per group (60 male and 60 female pups pergroup) were selected for continued evaluation, resulting in600 total rats (300 rasper sex) assigned 10 thefive dosage groups. At least two male pups and two female pups per litter, when possible, were selected,F1 generation pups not selected for continued observation for sexual maturation were sacrificed. Thicepups per sex per iter were examined for gross lesions. Necropsy includeda single cross-sectionof theHead at the levelof the frontal-parictal suture and examination ofthe cross-scctioned brain fo apparenthydrocephaly. The brain, spleen and thymus from one of th three selected pups per sex per iter were.weighed and the brain, spleen, and thymus from the three selected pups per sex per fitter were retained forpossible histological evaluation. All remaining pups were discarded without further examination.
The Fl generation rats were given the same dosage levelofthe test substance and inthe same manner asther especiive FO generation sires and dams. Dosages were given once daily, beginning at weaning andcontinuing until the day before sacifice. F1 generation femalerats were examined for ageofvaginalpatency, beginning on day 28postpartum (LD 26). F1 generation male ats were evaluated for age ofpreputial separation, beginning on day 39 postpartum (LID 39). Body weights were recorded when ratsreached sexual maturation. A table ofrandom unitswas used to assign FI generation rats to cohabitation,‘one male rat per female ra. Ifrandom assignmentocohabitation resulted in the pairing of F1 generation,siblings, an alermate assignment was made. The cohabitation period consisted ofa maximum of 14 days.
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Body weightsof the F1 generation male rats were recorded weekly during the postweaningperiod and on the dayofsacrifice. Body weights ofthe F1 generation female rats were recordedweekly during the postweaning period to cohabitation, and on DGs 0, 7, 10, 14, 18, 21 and 25 (inecessary) and on LDS 15,8, 11, 15 and 22. Food consumption values for the F1 generationmale rats were recorded weekly during the dosage period. Food consumption values for the FI‘generation female rats were recorded weekly during the postweaning period to cohabitation, onGDs 0.7, 10, 14, 18, 21 and 25 and on LDs 1,5, 8, 11 and 15. Because pups begin to consumematernal food on or about LD 15, food consumption values were not tabulated after LD 15,
At scheduled sacrifice, after completionofthe cohabitation period in male rts and on LD 2 in femalerat, blood samples (10 males and 10 females cach forthe 10 and 30 mg/kg/day dose groups: 3 males and3 femalesforthe control group) were collected and frozen for future analysis, utony the serum analysesfor the FO generation were presentedi th report. The methods section its that liver samples were aiocollected, but no other details were provided and th results did no appear o be available a the time ofthe report.
F2 generation liters were examined afer delivery to identify the number and sexofpups, stillbirths, livebirths and gross alterations. Each itr was evaluated for viability atleast twice cach day ofthe 22-daypostpartum period. Dead pups observed a these ties were removed from the esting box. Anogenityldistance was measured for al live 2 generation pups on LDs 1 and 22

NOAEL (dose and effct) - for FO, 1, and F2 (1s appropriate): A NOAEL fo the FOparental males could not be determined Since treatment related ects were sn at al dosestested. The NOAEL for FO parental females = 10 mg/kg/day. A NOAEL for he Fl males sould not bedetemined since teatmentelatd effects were sen at all doses tested. The NOAEL for FI generationfemales = 10 mkegday. The NOAEL for the F2 generation offspring = 30 mg/kg/day: the highest doseested
LOAEL (dose and effect) fo FO, Fl, and F2 (as appropriate): The LOAEL for FO parental males isconsidered to be | mg/kg/day, the lowest dose tested, based on significant increases in the ver andKidney weights-to-crminal body weight and to brain weight ratio. The LOAEL for FO parental femalesis considered 0 be 30 mg/kg/day, based on significant reductions in kidney weight and Kidcy weightoo-terminal body weight and 0 bain weight ratios observed at the highest dose. The LOAEL for F1‘generation males is considered 0be 1 mg/kg/day, based on significant decreases in body weights andbody weight gains, and in terminal body weights; and significant changesin absolut 1verandSpleenweights and in the ratios oliver, kidney, and spleen weights-to-brain weights, and based on significa,dose.relted reductions in body weights and body weight gains observed pri to and during cohabitationand during the tie dosing period. The LOALL for FI gencration females is considered to be 30merkeday, based on statistically significant increases in postweaning mortality, delays in sexualmaturation, decreases in body weight and body weight gains, und decreasesin absolute foodconsumption,all observed a the highest dose ested. A LOAELfor the F2 generation coukd ot bedetermined: under the condition ofthe study, no treatment elated cffcts were observedat any doses.tested

“Toxic responselefects by dose level - parental Fl:
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Toc effects in FO generation animals: FO males; Statistically significant increases in clinical signs wereobserved in the high-dose group. Significant reductions in body weight and body weight gain were.reported for mostofthe dosage period and continuing until terminationof the study in the 3. 10, and 30mg/kg/day dose groups. Absolute food consumption values were also significantly reduced during theseperiods at the 30 mg/kg/day dose group, while significant increases in relative food consumption valueswere observed inthe 3, 10. and 30 mg/kg/day within those same periods. At necropsy, statisticallysignificant reductions in terminal body weights were seen at 3, 10, and 30 mg/kg/day. Absolute weightsof the left and right epididymides, left cauda epididymis, scavinal vesicles (with and without fluid),prostate. pituitary, left and right adrenals, spleen, and thymus were also significantly reduced at 30mg/kg/day. The absolute weight ofthe liver was significantly increased in al dose-groups. Kidneyweighs were significantly increased in the 1,3, and 10 mg/kg/day dose groups, but Significantlydecreased inthe 30 mg/kg/day group. All organ weight-to-terminal body weight and ratios were.significantly increased in all reated groups. Organ weight-o-brain weight ratios were significantlyreducedforsome organs at the high dose group, and significantly increased for other organs amongalltreated groups. Increased thickness and prominenceofthe zona glomerulosa and vacuolationofthe cellsofthe adrenal cortex were observed in the 10.and 30 mg/kg/day dose groups. FO females: The weights ofthe left and right kidney. and the ratios of these organ weighs-to-terminal body weight andof the lotKidney weightto-brainweight were significantly reduced at thehighestdoseof30 mg/kg/day.
‘Toi effects in the FI generation animals: FI males; Necroscopic examination revealed statisticallysignificant treatment-related effectsa 3, 10, and 30 mg/kg/day ranging from tan arcas in the lateral andmedian lobes ofthe fiver to moderate to slight dilation ofthe pelvisofone or both kidneys. Statisticallysignificant, dose-related decreases n terminal body weights were observed. The absolute weightsof theliver and spleenweresignificantly decreased at all treated groups. The absolute weighsof the left and/orright kidneys were significantly decreased in the 30 mg/kg/day dose group. The absolute weight ofthethymus was also significantly decreased in the 10.and 30 mg/kg/day dose groups. The absolule weight ofthe prostate brain and lef adrenal gland were significantly decreased in the 30 mg/kg/day dosage group,“The ratios ofthe weights of the seminal vesicles, with and without fluid, live and left and right kidneys fothe terminal body weights were significantly increased in all treated groups. The ratios ofthe weights ofthe lef ests, with and without the tunica albuginea and the right testis to the terminal body weight, weresignificanily increased at 3 mg/kg/day and higher. The ratiosofthe weights of th left epididymis, eft‘auda epididymis, right epididymis and brain to the terminal body weight were significantly increased at10 mg/kg/day and higher. The ratiosofthe weightof the seminal vesicles with fluid to the brain weightwere increased at | mgkg/dayandhigher, with statistical significance at 1 and 10 mg/kg/day. The ratiosofthe iver weight-to-brain weight wre significantly increased inthe | mg/kg/dayandhigher dosagegroups, and the ratiosofthe left and right kidney weights-to-brain weight were significantly increased inall treated groups. The ratiosofthe spleen weight-to-brain weight were significantly decreased at |mg/kg/day and higher, and the ratios of the thymus weight-to-brain weight were significantly decreased at10and 30 mg/kg/day. The ratiosofthe lef and righ testes weight-to-brain weight were increased in the 3mgfkgday and higher dosage groups. These ratios were significantly increased at 10 mg/kg/day (righttestis only) and 30 mg/kg/day. Treatmentrelated microscopic changes were observed in the adrenallands of high-dose animals (cytoplasmic hypertrophy and vacuolation ofthe clsof the adrenal cortex)and inthe liverofanimals trated with 3, 10, and 30mgkg/day (hepatocellular hypertrophy). Flfemales: Statistically significant increases in the average numbersofestrous stagesper21 days wereobserved in high-dose animals (4.7 versus 5.4 incontrols). 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 F1 generation rats were 92-106daysofage), and during gestation and lactation. Decreases in absolute food consumption were observedduring during precohabitation and during gestation and lactation in animals treated with 30 mg/kgday.
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Toxic responselefects by dose level - offspring (FI/F2):Tosi effectsin FI gencration male pups consistedofsignificant reductionsinpup bodyweight on aperliter basis in the 30 mg/kgday groupondays 1, 5, and 8 of lactation. Significantincreases in reatment-elated deaths (7 amimals otal) were reported in FI males inthe igh dose group of30 mg/kg/day. One rat was moribund sacrificed on day 39 postweaning and another was found dead anday 107 postweaning, but the majorityof the FI male ats were found dead on days 2-4 postweaning.Body weights and body weight gains ware statistically significantly reduced prior to.4nd duringcohabitation and during the entire dosing period in al treated groups. Statistically significant reductionsin body weights were observed at 10 and 30 mg/kg/day during days 8-15, 22:29, 29.36, 43-50, and 50-87postweaning. Body weigh gains were also significantly reduced in the 30 mg/kg/day group on days 1.5,15:22, 36-43, 57-64, and 64.70 postweaning. Statistically ignifican, dose-related reductions in bodyweight gains were observed for the entire dosage period (days 1-113 postweaning). Absolute foodconsumption values were significantly reduced at 10 and 30 mg/kg/day during the entire procohabitationperiod (days 1-70 postweaning), while relative food consumption values were significantly increased.Statistically significant delays in sexual maturation (the average dayof preputial separation) wereobserved in high-dose animals versus concurrent controls (52.2 daysof age versus 48.5 daysofage,respectively). Toxic effects in F1 generation female pups consisted of significant reductions in pup bodyweight ona per liter basis inthe 30 mg/kg/daygroupon days 1, 5, and§ of lactation. An increase intreatment-related mortality (6 animals total) was observed in FI females on postweaning days 2.8 af thehighest dose of30 mg/kg/day. Statistically significant decreases in body weights and body weight gainswere observed in high-dose animals on days 8, 15, 22, and 29 postweaning, and during lactation.Decreases in absolut food consumption were observedduringdays 1-8, 15 postweaning and duringJactation in animals trated with 30 mg/kg/day. Statistically significant delays in sexual maturation (theaverage dayofvaginal patency) were observed in high-dose animals versus concurrent controls (36.6daysofage versus 34.9 daysofage, respectively).
Statistical results:

FO generation male animals: Statistically significant increases (p< 0.01) in clinical signs were observedin the high-dose group. Significant reductions (p= 0.05 o p=0.01) in body weight and body weigh gainware reported for most of the dosage period and continuing until terminationof the study in the 3, 10, and.30 mekg/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 (ps 0.05 or pe 0,01) inrelative food consumption values were observed in the 3, 10, and 30 mg/kg/day within those sameperiods. At necropsy, statistically significant reductions (p= 0.01) in terminal body weights were seen at3. 10,and 30 mg/kg/day. Absolute weights of the left and right cpididymides, let cauda epididymis,seminal vesicles (with and without fluid), prostate, pituitary, left and right adrenals,spice. and thymuswere also significantly reduced (p< 0.05 or p< 0.01) at 30 mg/kg/day. The absolute weight of the verwas significantly increased (b= 0.01) in all dose-groups. Kidney weights were significantly increased (p<0.05 or p= 0.01) inthe I, 3, and 10 mg/day dose groups, bu significantly decreased (p= 0.05 or pe.0.01)in the 30 mg/kg/day group. All organ weight-o-terminal body weight and ratios were significantlyincreased (ps 0.05 or p< 0.01) in all trated groups. Organ weight-to-brain weigh ratios weresignificantly reducedforsome organs at the high dose group, and significantly increased forother organsamong all treated groups.

FO generation female animals: The weights ofthe eft and right kidney, and the ratios of these organweights-to-{erminal body weight and of the leh Kidney weight-to-brain weight were significantly reduced(P= 0.05 or p= 0.01)atthe highest doseof 30 mgkg/day.
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FI generation offspring: Malas; Significant reductions (p< 0.01) in pup body weight ona perHt basis was observed inthe 30 mg/kg/day group on days 1, 5, and §oflactation. ienifieantincreases in treatment-related deaths (7 animals ota)were reported in F1 males n hehigh dose groupof30 me/ke/day. One at was moribund sacrificed on day 39 postweaning andanother was found dead on day 107 postweaning, but the majority of the FI male rats were founddead on days 2-4 postweaning. Body weights and body weight gains were statisticallysignificantly reduced prior to and during cohabitation and during the enire dosing period in alltreated groups. Statistically significant reductions (p= 0.05 or p= 0.01) in body weights wereobserved at 10 and 30 mg/kg/day during days 515, 22:29, 20-36, 43-50, and 50-57 postweaningBody weight gains were also significantly reduced (p= 0.05orpz 0.01) inthe 30 mgKg/day.£roup on days 1-8, 15-22, 36-43, 57-64, and 64-70 postweaning. Saisticaly significant (o¢ 0.0501 p= 0.01), dose-related reductions in body weight gins were observed for he entire dosageperiod (days 1-113 postweaning). Absolut food consumption values were significantly reduced(p= 0.01) at 10 and 30 mg/kg/day during the entire precohabiation period (days 1-70postweaning). while relative food consumption values weresignificantly increased (p< 0.05 orps0.01). Statsically significant delays (p= 0.01) in sexual maturation (the average day of preputiaseparation) were observed in high-dose animals versus concurrent controls (52.3 daysof ageversus 48.5 daysof age, respectively). Females; significant reductions (p< 0.01) in pup body‘weight on per liter bass inthe 30 mgKg/day group on days 1, , and § of lactation. Aninercase in treatment-related morality (6 animals total)was observed in Fl femaleson postweaning days 2-8 a the highest doseof30 my/ke/day. Statistically significant decreases(P= 0.05 or p= 0.01) in body weights and body weight gains were observed in high-dose animalson days, 15, 22, and 29 postweaning, and during lactation. Significant decreases (p2 0.05 or pe001) in absolute food consumption were observed during days 1-8, -15 postweaning snd during0.02) lactation in animals treated with 30 mg/kg/day. Statistically significant delays (ve 0.01) in0.03) xual maraton (the average dayof vaginal patency) were observed in high-dose animals0.04) versus concurrent controls (36.6 daysof age versus 34. days ofage, respectively).
FI generation adult animals: Males; Ncroscopic examination revealed statistically significant (ps 0.05or P= 0.01) tratmentrelated effects at 3, 10, and 30 mg/kg/day ranging from tan arcas in the lateral and‘median lobes of the liver to moderate to Sight dilation ofth 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 (p= 0.05 or p= 0.01) were significantly decreased atall trated groups. The absolute weighsofthe ef andorright Kidneys were significantly decressed (ns0.00) in the 30 mg/kg/day dose group. The absolute weight of the thymuswasalso significantlydecreased (p< 0.01) in he 10and 30 mg/kg/day dose groups. The absolute weight ofthe prostate, brainand left adrenal gland were significantly decreased (p= 0.05 or pe 0.01) in the 30 mg/kg/day dosageroup. The atos ofthe weights ofthe scaninal vesicles, with and without fluid, ver and eh and ightKidneys to the terminal body weights were significantly increased (p= 0.0 or p= 0.01) in all weated‘roups. The ratiosof he weights ofthe Ie testi, with and without the tunica albuginea and the righttestis to the terminal body weight, were significantly increased (ps 0.05 or ps 0.01) at 3 mg/day andhigher. The ratiosoftheweights ofthe lft epididymis, left cauda epididymis, right pididymis and brainto the terminal body weight were significantly increased (p < 0.05 or p< 0.01) at 10 mg/day andhigher. The ratios ofthe weight ofthe seminal vesicles with fluid to the brain weight were creased at |mefkg/day and higher, with satisica significance (p < 0.05) at 1 and 10 mg/kg/day. The ratiosof thefiver weight-o-brain weight were significantly increased (p< 0.01)in the |mgkg/day and higher dosageroups. and the ratios ofthe left and right Kidney weighs-o-brain eight were significantly increased (p0.05 orp< 0.01) in all treated groups. The raiosof the spleenweight.to-brain weight were significantlydecreased (p < 0.05 or p = 0.01) at | mg/kg/day and higher, and the ratios ofthe thymus weight-to-brainweight were significantly decreased (p< 0.05 or p< 0.01) at 10 and 30 mg/kg/day. The ratio ofhe left
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and right testes weight-to-brain weight were increased in the 3 mg/kg/day and higher dosage groups.These ratios were significantly increased (p = 0.05 orp < 0.01) at 10 mgkeg/day (ight esis only) and 30mg/day. Females: Statistically significant increases (p < 0.01) in the average numbersof estrousstages per 21 days were observed n high-dose animals (4.7 versus 5.4 in contro). Statsicallysienifican decreases (p< 0.0 orp < 0.01) in body weights and body weight gains were observedi high-dose animals on days 50 and 57 postweaning, during precobabiation (recorded on th day cohabitationbegan. when FI generation at were 92-106 daysof ge). and during gestation and lactation, Significantdecreases (p < 0.05 or p< 0.01) in absolute food consumption were observed during duringprecohabiation and during gestation and lactation in anima treated with 30 mg/kg/day.
F2 generation offspring: Under the conditions of the study, no satsicaly significant, reatment-elated effects on any ofthe observed parameters were notedi the F2 gencraion offspring.
Remarks:
Prior to mating, the study authors noteda statistically significant increase in the average numbers ofestrus sagesper 21 days in high-doseanimals (5.4 versus4.7in controls). For this calculation, henumber of independent occurrencesofestrus in the 21 daysof observation was determined. This type ofcalculation can be ued as a sere for effects on th estrus cycle, but a more detiled analysis should henbe conducted to determin whether there is truly an effect. 3M Company (2002) recently completed ananalysis that showed there were no effects on the estrus cycles there were no differences 1 he number offemales with 2 3 dyasof estrus or with 4 daysof diestrus in the control and high dose groupe. Analyses‘conducted by the US EPA (2002) also demonsirated that there were no differences in the stro cycleamong the control and high dose groups. The cycleswereevaluated as having citherregular 4.5 daycyeles (R), uneven cycling (IR;defined asbriefperiods with irregular pattern) or periodsof prolongeddiestrus (defined as 4-6 day diestrus periods) extended estrus (defined as 3 or 4 days of coiled smears),possibly pseudopregnant, (PSP: defined as -greater days of eukoeytes) or persistentestrus (PE: definedas S-or greater daysofcomified smears). The dataarc summarized in below. The (wo groups were notdifferent in any of the parameters measured.

Type APFOOvarian Pattern Irregularity Control (30mglkg)R 18 20Ri Total 10 9
- 3dayEstrus 2 1- 4 day diestrus 2 2y no patie 6 6PSP. 1PE 1 1

Thus, the increase in the numberof tru sages per 21 days that was noted by the study authors is du tothe way inwhich the calculation was done, and is ot biologically meaningful.
Parental Males (0)
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One FO male rat in the 30 mg/kg/day dose group was sacrificed on day 45ofthe study due to adverse
clinical signs (emaciation, cold-to-touch, and decreased motor activity). Necroscopic examination in that
animal revealed a pale and tan liver, and red testes. All other FO generation male ats survived to
scheduled sacrifice. Statistically significant increases in clinical signs were also observed in male ras in
the high-dose group that included dehydration, rine-stained abdominal fur, and ungroomed cot,
Significant reductionsin body weight and body weight gain were reported for most of the dosage period
‘and continuing until termination of the studyi the 3, 10, and 30 mg/kg/day dose groups. Absolute food
‘consumption values were also significantly reduced during these periods at the 30 mg/kg/day dose group,whilesignificant increases in relative food consumption values were observed in the 3, 10, and 30
mkgiday within those same periods.

No treatment-elated effects were reported at anydose level for anyofthe mating and fertility parameters
assessed including, numbersofdays 10 inseminate, numbersof ras that mated, fertility index, numbers of
rats with confirmed mating dates during the first and second weekof cohabitation, and numbers of
pregnant rats per rats in cohabitation. At necropsy, noneofthe sperm parameters evaluated (sperm
‘number, motility,or morphology) wereaffected by treatment at any dose level

Atnecropsy, statistically significant reductions in terminal body weights were scen at 3, 10, and 30
mg/kg/day. Absolute weights oftheleft and right epididymides, lft cauda epididymis, seminal vesicles
(with and without fluid), prostate, pituitary, lef and right adrenals, spleen, and thymus were also
significantly reduced at 30 mg/kg/day. Theabsolute weightofthe seminal vesicles without fluid was
significantly reduced in the 10 mg/kg/day dose group. The absolute weightofthe liver was significantly
increased in all dosc-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 weight-to-terminal body
weight and ratios were significantly increased inal 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 treated groups.

No treatmen:related effects were sce at necropsy of upon microscopic examination of the reproductive.
organs, with the exceptionofincreased thickness and prominenceof the zona glomerulosa and
vacuolationof thecel of the 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 was
present in all samples tested, including controls. Control males had an average concentrationof 0.0344.
0.0148 ug/l PFOA. Treated males had 51.19.30 and 45 3212.6 ug, respectively for the 10 and 30
mu/kg/day dose groups.

Parental Females (FO)

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

“There were no treatment-elated effects on estrous eycliciy, mating or fertility parameters. Noneof the
natural delivery and lter observations were affectedby treatment, that is, the numbersof dams delivering
litters, the durationofgestation, the averagesfor implantation site per delivered liter, the gestation index
(numberofdams with one or mor liveborn pups/number of pregnant rats), the numbersofdams with
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stillborn pups, dams with all pups dying, liveborn and stillborn pups viability index, pup sex ratios, and‘mean birth weights were comparabletocontrols among all treated groups.
Necropsy and histopathological evaluation were also unremarkable. Terminal body weights, organweighs, and organ-to-terminal body weightratios werecomparabletocontrol values for all treated‘groups, except for kidney and liver weights. The weightsofthe let and right kidney, and the ratios ofthese organ weights-to-terminal body weight andof the let kidny weightto-brain weight weresignificantly reduced at the highest doseof 30 mg/kg/day. The ratio of liver weights-to-terminal bodyweight was also significantly reduced at3 and 10 mg/kg/day.

Results of the serum analysis in FO generation females sampled on LD 22 showed that PFOA was presentin 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 ugh,respectively for the 10 and 30 mg/kg/daydose groups.

FI Generation - Males

No effects were reported a any dose level for the viability and lactation indices. No differences betweentreated and control groups were noted for the numbersofpups surviving per litter, the percentage malepups, liter size and average pup body weight per litter at birth. Pup body weight on aperlitter basiswas.significantly reduced in the 30 mg/kg/day group on days 1, 5, and 8of lactation. OFthe pups necropsicdat weaning,no statistically significant, treatment-related differences were observed for the weightsof the.brain, spleen and thymus and the ratiosof these organ weights to the terminal body weight and brainweight

Significant increases in treatment.related deaths(7animals total) were reported in F1 males in the highdose groupof 30 mg/kg/day. One rat was moribund sacrificed on day 39 postweaning and another wasfound dead on day 107 postweaning, but the majorityofthe FI male rats were found dead on days 2-4postweaning.

Statistically significant increasas in clinical signsof toxicity were also observed in F1 males during mostof entire postweaning period. These signs included an increased incidenceof annular constrictionof thetail at all doses, with satitical significance at the 1, 10, and 30 mg/kg/day; a significant increase at 10and 30 mg/kg/day in the numberofmale rats that were emaciated; and a significant increase in theincidenceof urine-stained abdominal fur, decreased motor activity, and abdominal distention at 30mekgiday.

Body weights and body weight gains were statistically significantly reduced prior to and during
‘cohabitation and during the entire dosing period in all treated groups. Statistically significant reductionsin body weights were observed at 10 and 30 mg/kg/dayduringdays 8-15, 22-29, 29-36, 43-50, and 50-57postweaning. Body weight gains were also significantly reduced in the 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 bodyweigh gains were obscrved 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 precohabitationperiod (days 1-70 postweaning), while relativefoodconsumption values were significantly increased.
Statistically significant (ps 0.01) delays in sexual maturation (ihe average dayofpreputial separation)were observed in high-dose animals versus concurrent controls (52.2 daysofage versus 48.5 daysof age,respactively).
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No apparent effects were observed on any ofthe mating or fertility parameters including fertility andpregnancy indices (number ofpregnancies per numberof rats that mated and rats in cohabitation,respectively), the number ofdaysto inseminate, the numberofats that mated, and the numberofratswith confirmed mating dates during the first week. No statistically significant, treatment-related effectswere observed on any of the sperm parameters (motility, concentration, or morphology).
Neeroscopic examination revealed statistically significant treatment:related effects at 3, 10, and 30me/ke/day ranging from tan aras in th lateral and median lobasofthe liver to moderate to slight dilationofthe pelvis ofaneorboth kidneys.

Statistically significant, dose-related decreases in terminal body weightsofparental FI males wereobserved. The absolute weights of the liver were significantly increased and the absolute weighsofthespleen were significantly decreased at all trated groups. The absolute weightsofthe left andlor rightKidneys were significantly increased in the | and 3 mg/kg/day dose groupsand significantly decreased inthe 30 my/kg/day dose group. The absolute weight ofthe thymus was also significantly decreased in the10and 30 mg/kg/day dose groups. The absolute weightofthe prostate, brain and left adrenal gland weresignificantly decreased in the 30 mg/kg/day dosage group. The ratiosofthe weights of the seminalvesicles, with and without fluid, liver and left andright Kidneys to the terminal body weights weresignificantly increased in all trated groups. Theratiosof the weighs ofth [eft testis, with and withoutthe tunica albuginea and the right tests to the terminal body weight, were significantly increased at 3mg/ky/day and higher. The ratios of the weights of the left epididymis, lef caud epididymis, rightepididymis and braintothe terminal body weight were significantly increased at 10 mg/kg/day andhigher. The ratiosofthe weightofthe seminal vesicles with fluid 1 the brain weight were increased at 1‘my/ke/day and higher, with statistical significance at 1 and 10 mg/kg/day. The ratiosof the iver weight-to-brainweight were significantly increased in the | my/ke/day and higher dosage groups, and the ratiosofthe left and right kidney weights-to-brain weight were significantly increased in all treated groups. Thefatios ofthe spleen weight-to-brain weight were significantly decreased at | mg/kg/day and higher, andthe ratiosof the thymus weight-to-brain weight were significantly decreased at 10 and 30 mg/kg/day. Theratios ofthe lft and right testesweight.to-brain weight were increased in the 3 mg/kg/day and higherdosage groups. These ratios were significantly increased at 10 mg/kg/day (right testis only) and 30mgke/day.

Histopathologic examinationofthe reproductive organs was unremarkable; however, treatment-relatedmicroscopic changes were observedi the adrenal glands of high-dose animals (cytoplasmic hypertrophyand vacuolation of the celsof the adrenal cortex) and in the liver (hepatocellular hypertrophy) of animalstreated with 3, 10, and 30 mg/kg/day. No other treatment.related effcts were reported.
FI Generation ~ Females

No effects were reported at any dose level for the viability and lactation indices. No differences betweentreated and control groups were noted for the numbersof pups survivingper lite, the percentage malepups. litter sizeand average pup body weight per itera bith. Pupbody weight ona per fitter basis wasalso significantly reduced in the 30 mg/kg/day group on days I, 5, and§ of lactation. Ofthe pupsnecropsied at weaning, no statistically significant, reatment-related differences were observed for theweights ofthebrain, spleen and thymus and theratios ofthese organ weighs to the terminal body weightand brain weight
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An increase intreatment related mortality (6 animal otal) was obscrved in FI females on postweaningdays 2-8 atthehighest dose of 30 mg/day. No:adverse clinica igns of estmentrelated oniwere reported for any dose level during any time ofthe study period.
Statistically significant decreases in body weights and body weight gains were observed in high-doseanimals on days , 15, 22, 29, 50, and57 postweaning, during precobabitation (corded on the daycohabitation began, when FI generation ats were 92-106 days ofage), and during gestation and ection.Decreases iabsolut food consumption were observed during days 1-5, 8-15 postweaning duringprecohabittion and during gestation and lactation in animals rated with 30 mg/kg/day. Relative foodconsumption values were comparable across al treated groups.
Sttisially significant (p< 0.01)delays in sexual maturation (the average dayof vaginal patency) wereobservedi high-dose animals versus concurrent controls (36.6 days ofage versus 34. daysof age,respectively),
No effects were observed on estrous cycliciy, or on anyofthe mating and fertility parameters (numbersofdays in cohabitation, numbers of rats that mated, fertility index, rats with confirthed mating datesduring the frst week of cohabitation and number ofrats pregnant pr ats in cohabitation Thre werehowever, saistically significant increases in the average numbers ofestrous stages per 21 days in high-dose animals (4.7 versus 5.4 in controls).
All natural delivery observations were also apparently unaffected by treatment at any dose level,Numbers ofdams delivering ltrs, th durationof gestation, averages fo implantation sites per deliveredite, the gestation index (numberof dams with onc or more ivcborn pups umber ofpregnant rats), thenumbersofdams with stillborn pups, dams with all pups dying nd Iveborn and stlbor pups werecomparable among treated and control groups.
No tratmentelated effets were observed on terminal body weights. The absolute weight ofthepituitary and the raros of the pituitaryweight o-erminal body wight and (0 the brain weight weresignificantly decreased at 3mike day and higher, but did notshow adose-response. No otherdifferences were reported forthe absolute weightso ratios for other organs evaluated. No treatmentrelated effects were reported following necroscopie and histopathologic examinations
F2 Generation Offspring

Notreatmentrelated adverse clinical signs were observedat any dose level. Likewise, no treatment:related effects ware reported following necroscopic examination, with the xcepionof no milk instomach in pups that were found dad. The numbers ofpups found cithr dead or slborn id not show a.dose-response (3128, 625, 10728, 1028, and 628 in 0, 1.3, 10, and 30 mg/kg day dose groups,respectively) and therefore were unlikely related o treatment. Terminal body weights in F2 pups weremot significantly different from controls. Absolute weights ofthe brain, spleen and thymus and he asicsofthese organ weights-to-terminal body weight andto bran weight were also comparable among reedand contol groups
No effects were reported at any dose level for the viability and actation indices, No differences betweentreatedandcontrol groups were noted for the numbers of pups survivingperlier, the percentage malepups. lite size and average pup body weight pr lier when measured on LDs 1,5, 1. 22.Anogenital distances measured or F2 male and female pups on LDs | and 22 were also comparableamong th five dosage groups and did no differ significantly.
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concuumons

Dosing with APFO at 30 mg/kg/day appeared o delay the onsetofsexualmaturation in both male andfemale 1 offspring. The authors ofthe study contend tht the delays in sexual maturation (proputalseparation or vaginal patency) observed in high-dose animals are due tothe fact tha these animals haveadecreased gestational age,avariable which they have defined as the time in days from cvidenceof matingin the FO generation until evidenceofsexual maturation inthe FI generation. The authors state thotestational age appearedtobe decreased in high-dose animals at the timeof acquisition (the time whensenul maturation was reached), which they believe meant the animals in tha group were youngerandmore immature than the control group, in which thre was no significant differencein sexual maturation.
10 onder t test this hypothesis,the authors covariedthe decreases in body weight and in gestational agewith the delays in sexual maturation inordertodetermine whethero not body weights and gestationalage wereacontributing factor. When the delays in sexual maturation were covaried with the significantlyreduced body weigh atthe time ofacquisition, the difference was till significant, but at the pe 0.05.versus p= 0.01. This indicates tha the delay in sexual maturation was partly elated to body weight, butnot entirely. When the dlays in sexual maturation observed atthehigh dose group were covered withgestational age atthe timeofsexual maturation, there was no significant diffrence in the time ofonset ofsexual maturation between controls and high-dose animals. This indicates that the effetofdelayedsexual maturation could possiblybeattributed to decreased gestational ag.
‘The authorsalso covaried the decreases in both body weight and in gestational age with the significantincreases in the average numberofestrous stages per2 days that were observed at the high doseof 30makg/day and found that th diffrence between treaied and controlanimals 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 dataprovided by the authors to support this relationship. Additionally, covaring the delay in sexualmauwration with gestational ag is problematic from a statistical standpoint. Since there was nosignificant change in the length of 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 intime 10 sexual maturation. Therefore, sexual maturation is essentially being covaried with itselftil, even ifa relationship between gestational age and time to sexual maturation were shown, itmerelyoffers an explanation for the observed delays in sexual maturation in high-dose animals,but does not diminish is significance.
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Ecotoicity Study
‘TOXICITY TO AQUATIC PLANTS (SELENASTRUM CAPRICORNUTUM)TEST SUBSTANCE
Identity: Perfluorooctanoic acid, etrabutylammonium sal; mayalsobereferred to as PFOA tetrabutylammonium salt,
tetrabutylammonium perfluoroactanoate, N2803-2,oras a major
‘componentofL-13492. (Octanoicacid,pentadecafluoro-,
tetrabutylammonium sal, CAS # 95658-53-0)
Remarks: The 3M production lot number was 2327. The test sample isreferred to by the testing laboratory as L-13492. The TR. Wilbury study
number is 841TH. The purity of the sample was not sufficiently
characterized, although current information indicates it is a olution of44.9%tetrabuty ammonium perfluorooctanoate, 27.9% water, and 27.2%
isopropanol
The following summary applies to the test sample as a mixtureofthe
test substance in an isopropanol water solution with incompletely
characterized concentrationsof impurities. Data maynotaccurately
relate toxicityof the tes sample with thatof the tet substance.
METHOD
Method: U.S. EPA-TSCA Guideline 797.1050
Test: Acute static
GLP: Yes
ear completed: 1995
Species: Selenasirum capricornutum.
Source: Originally from The Culture CollectionofAlgae at the University
of Texas at Austin, maintained in culture medium at T-R. Wilbury, Inc..
Marblchead, MA.
Element basis: growth rat.
Exposure period: 96-hours
“Test organisms laboratory culture: Algae cultures were growing in U.S.EPA-tccommended sterile enriched medium for at least 14days prior to
test initiation.
Statistical methods: The average specific growth rate was calculated asthe natural logofthe numberof cells/mL at the exposure period minus the
natural logof the numberofcellmL. at 0 hours divided by the exposure
period. The percent change from the control was calculated by
subtracting the 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 thatvalueby 100. TheECS0 values were calculated basedon a nonlincar regression estimation
procedure (Bruce and Verstceg, 1992). The NOEC was determined using
a parametric onc-uay analysisof variance and the average specific
growth in cach tes vessel at the endofthe test
Test Conditions:
Dilution water source: The algac medium was prepared to U.S,
EPA recommended concentrations by spiking deionized water withnutrient stocks. The pHofthe synthetic algal medium at test
initiation was 7.5.
Stock and testsolutionspreparation: A 16 mg/L primary stock.
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solution was prepared in sterile enriched media. Appropriate‘amounts ofthis stock solution were added directly to dilution waterto formulate the test media. A 1,000 my/L isopropyl alcohol stocksolution was also prepared and evaluated.
Exposure vessels: 250 mL glass Erlenmeyer flasks containing100 mL of test solution.
Agitation: Continuous at 100 rpm
Number ofreplicates: 3
Initial algal cell loading: 1.0 X 10 4 cells/mLNumberof concentrations: Five plus a negative controlLighting: ~400 fi-c from continuous cool-white fluorescent lighting‘Water chemistry:
PH range: (0-96 hours)
75 10:4 (control exposure)
747.6 (16 mg/L. exposure)
7.4 10.4 (1,000 mg/L isopropyl alcohol exposure)‘Test temperature range: (0-96 hours)
24-237°C
RESULTS
Nominal concentrations: Blak contro, 1.0, 2.0,4.0, 8.0, 16.0 mg/L.A test was performed simultancously with sopropy) alcohol, acomponentthat represents 27% of L-13492, at 4.4 and 1,000 mg/L.
Element value and 95% confidence interval:
2dchour ErC10(growth rate) = <1.0 mg/L (C1 not calculable)24-hour ErCS0 (growth rate) = 15 (9.8 ->16) mg/L
24-hour EFCI0 (growth rate)= >16 (7.7 ->16) mg/L48-hour ErC10 (growth rate) = <1.0 mg/L (CI not calculable)48-hour EXCS0 (growth rate) = 14 (82-16) mg/L
48-hour EACO0 (growth ate)= >16 mg/L (C1 not calculable)72-hour ErC10(growth rate) = <1.0 mg/L. (C1 not calculable)72-hour ERCS0 (growth rate) = 7.1 (4.1 - 1)mg/L.72-hour ERC0 (growth rate)= >16 mg/L. (Cl not calculable)96-hour EFCI0 (growth rate) = <1.0 mg/L (C1 not calculable)96-hour EXCSO (growth rate) = 49 (3.5 - 6.7) mg/L.96-hour ErC90 (growth rate)= >16 mg/L (CT not calculable)96-hour NOEC: 1.0 mg/L
Algal growth was not affected by isopropy! alcohol concentrationsof 4.4 or1.000 mL.
Element values are based on nominal concentrations,
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Biological observations after 96-hours:

Nominal Nica Percent Percent
Concentration,| Number [ Inhibition via| inhibition viamy ofCells per | Density Growth Rate.

mL
[ComrolT0000[|_|
[Lo7Tisieoo[5 To 1
[207 ors000 Ts 13
[ao Tizeon Tor [so |
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Oe Tore0 Tos— [so |

Control response: Satisfactory
Biological observations after 96-hours for isopropyl alcohol:
Nominal Mean Percent
Concentration,| Number Inhibition |
my ofCells per | via

mL Density

-
[44T9000 |S
[osoTi3a7000[5 |

Observations: Algal cell counts in each test vessel were determined bymeansof direct microscope counts with a hemocytometer. After 96 hoursof exposure, there were no signsof agaregation, locculationoradherence:ofthe algac to the flasks in the controlorany test treatment group. In
addition, there were no noticeable changes in cell size, colorormorphology when comparedto the control.
Reversibilityof Growth Inhibition: Effect of the test substance was
determined to be algisatic based on the resuls of the post-definitive test
exposure.
Remarks: Testing was conducted on the mixture as described in the Test‘Substance Remarks fick. The values reported apply to that mixture and
nt the fluorochemical component lon.
CONCLUSIONS
“The test sample 96-hour ECS0 and 95% confidence interval forSelenastrum capricormutum was determined to be 4.9 mg/L with a 95%confidence interval of3.5 - 6.7 mg/L. The 96-hour no observed effect
concentration (NOEC)forthe test substance in solution was 1.0 mg/L.Algae growth in the vessels containing isopropyl lcohol was not affectedat4.4 or 1,000 mL, indicating that the concentration of isopropyl alcoholin L-13492 can not, by itself, accountfor the toxicity of L-13492 to alga.No signsofagaregation, flocculation, or adherencewere noted in any ofthe test solutions. This tet substance was determinedtobe algistaicSubmitter: 3M Company, Environmental Laboratory, P.0. Box 33331, St.Paul, Minnesota, 55133
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DATA QUALITY
Reliability: Klimisch ranking 2. The study lacks analytical measurementof test substance concentrations in th tet solutions and sample purity isnot sufficiently characterized.
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REFERENCES

“This study was conducted at TR. Wilbury Laboratories, Inc., Marblehead,
MA, at the requestofthe 3M Company, Lab Request number N2332,1995,
OTHER

‘General remarks: The majorconcern for trying to determine the validity for this test is thatONLY NOMINAL TEST CHEMICAL CONCENTRATIONS were used. OPPT recommendsthat measured tes chemical concentrationsbe used, so tha one can accurately determine the testchemical concentrationtowhich to the test organismsare exposed. Ifit is determined that thenominal concentration are only, for example 50% of the measured concentrations, the toxiciyvalues canbeand mustbeadjusted downward by 50%. If analytical measurementsofsome sorthad been furnished, we could calculate chemical recovery rats, and take into account hydrolysis,volatility, and other physicochemical processes that might ower the actual tes organismexposure concentrations,

Purityofthe test material als is a major concern and was not sufficiently characterized n this test. Insome tests it appeared that 100% test chemicalwasused, for othersachemicaloflesser purity(approximately 859%) was used. Water, solvent (isopropanol) ora combination ofboth was used inother fests, for no obvious stated reason. In fact, 3M in their summaryofcach tet state: “Dara may notaccurately relate toxicityofhe tes sample with that ofthe test substance.” | agree with this concern. Inaddition, ifthis was a “typical” TSCA section 4 review, I would reject these studies, pending receipt ofadditional information on purityandstudies on analytical measurements of the test chemical in the tesmedium,
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Ecotoicty Study
TOXICITY TO AQUATIC PLANTS (SELENASTRUM CAPRICORNUTUM)TEST SUBSTANCE
Identity: Perfluorooctanoic acid, etrabutylammonium sal; mayalso bereferred 10 as PFOA tetrabutylammonium salt,
tetrabutylammonium perfluorooctanoate, N2803-2, oras a major‘component of L-13492. (Octanoic acid, pentadecaluoro-,

tetrabuty ammoniumsalt, CAS  95638-53-0)
Remarks: The 3M production lot number was 2327, The test sample isreferred to by the testing laboratory as N2803-2. The T.R. Wilbury studynumber is 890-TH. The purity of the sample was not sufficientlycharacterized, although current information indicates it i a solution of44.9% ctrabutylammonium perfluorooctanoate, 27.9% water, and 27.2%isopropanol
Thefollowing summary applies 10 the tes sample as a mistureof thetest substance in an isopropanolwater solution with incompletelycharacterized concentrationsof impurities. Data may not accuratelyrelate toxicityofthe tessample with thatof thetet 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 Collectionof Algae atthe Universityof Texas at Austin, maintained in culture medium at T-R. Wilbury, Inc,Marblehead, MA
Element basis: Algalcell count (cells/mL), and specific growth rae.Exposure period: 96-hours
Test organisms laboratory culture: Algac cultures were growing in U.S.EPA-tccommended sterile enriched medium for at least 14 days prior toestiniiaton.
Statistical methods: The average specific growth rate was calculated asthe natural logofthe numberofcells/mL at the exposure period minus thenatural og of the numberofcellsimi. at0hoursdivided by the exposureperiod. The percent change from the control was calculated bysubtracting the treatment average specific growth rate from the controlaverage specific growth rate, dividing the difference by the averagespecific growth rate in the control, and multiplying that value by 100. TheECS0 values werecalculated by probit analysis. The NOEC wasdetermined using aparametric one -way analysisofvariance and theaverage specific growth rae and the number ofcall. in each testvessel at the end of the test,
Test Conditions:
Dilution water source: The algac medium was prepared to U.S,EPA recommended concentrations by spiking deionized water withnutrient stocks. The pH of the synthetic algal medium at testinitiation was 7.5.
Stock and test solutions preparation: A 160 mg/L primary stock
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solutionwasprepared in sterile enriched media. Appropriate‘amountsofthis stock solution were added dircetly to dilution waterto formulate the test media
Exposure vessels: 250 mL glass Erlenmeyer flasks containing 50mL of est solution.
Agitation: Continuously at 100rpm
Number of replicates: 3
Initial algal cell loading: 1.0 X 10° cells/mL.
Numberofconcentrations: Five plus a negative control
Lighting: Continuous lighting at ~380 fic using cool-white
fluorescent lamps
‘Water chemistry:
pH range: (0-96 hours)
7.5 10.8 (control exposure)
758.4 (16 my/L 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 (09.0) mg/L.
24chour ECS0 cell density) = >16 (0.7 ->16) mg/L.
24-hour ERCS0 (growth rate) = >16 mg/L (C1 not calculable)24-hour EC90 (celldensity) = >16 mg/L (C1 not calculable)
48-hour EC10 (cell density)« 1.2 (<0.99 1.6) mg/L48-hour ECSO (cell density)= 7.1 (6.0 - 8.6) mg/L.
48-hour ErC50 (growth ate) = >16mg/L (Cl not calculable)
48-hour EC90 (cell density) = >16mg/L (C1 not calculable)
72-hour EC10 (celldensity) = <0.99 (<0.99— 1.9) mg/L.72-hour ErCIO(growthrate) = 22 (1.6-2.8)mg/L
72-hour ECS0 (cel density) = 2.8 (1.1 - 5.8) mg/L.
72-hour ERCS0 (growth rate) = 11 (9.4- 15) mg/L
72-hour EC90 (cell density) ~ 8.4(4.5 - >16) mg/L.
72-hour EXC90 (growth rate) =>16 mg/L (CI not calculable)96-hour EC10 (cel density) = 1.4 (<0.99 ~ 2.4) mg/L
96-hour EXCLO (growth rate) = 2.3 (<0.99 - 3.6) mg/L
96-hour ECS0 (cell density) «2.9 (10 - 7.7) mg/L.
96-hour ErCS0 (growth rate) = 8.4 5.9 - 14) mg/L.96-hour EC90 (cell density)~ 60(3.5->16) mg/L
96-hour ERC90 (growth rate) = >16 mg/L (C1 not caleulable)
96-hour NOEC (cell density): 0.99 mg/L.
96-hour NOEC (growth rate): 2.0 mg/L
Element valucs 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
mel of Cells per | Density Growth Rate

mL
[Comeol [3227000 [-1-7)
[oso aeso00 Tix [7 |
[20 oaa0000 24 5
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Observations: Algal cell countsineachtest vessel were determined by
‘means of direct microscope counts with a hemocytometer. After 96 hours
ofexposure, there werenosignsof aggregation, flocculationoradherence
of the algac 10 the flasks in the control or any est treatment group. In
addition. there were no noticable changes in cel size, color or
morphology when compared to the control.
Reversibilityof Growth Inhibition: Effect ofthe test substance was
determined tobealgistatic based on the resultsof the post-definitive estexposure.
Remarks: Testing was conducted on the mixture as described in the Test
Substance Remarks field. The values reported apply to that mixture andnot the fluorochemical component alone.

CONCLUSIONS
“The test sample 96-hour ECS0 and 95% confidenceinterval for
Selenastrum capricormunun was determined using two calculation
metlods. The test substance 96-hour ECSO for Selenastrum
capricornutum was determined to be 2.9 mg/L with a 95% confidence.
interval of 1.07.7 mg/L, when calculated usingceldensity. The 96-hour
ECS0 for Selenastrum capricornutum was determined to be 8.4 mg/L with a95% confidence interval of 5.9- 14 mg/L using growth ratc. No signs ofaggregation, flocculation, or adherence were notedin any ofthe testsolutions. This test substance was determined to be algisati.
Submitter: 3M Company, Environmental Laboratory, P.O. Box 33331, St.Paul, Minnesota, 55133
DATA QUALITY
Reliability: Klimisch ranking2. The study lacks analytical measurement

oftest substance concentrations in the test solutions and sample purity isnot sufficiently characterized.
REFERENCES
“This study was conducted at T-R. Wilbury Laboratories, Inc., Marblehead,
MA, atthe request ofthe 3M Company, Lab Request number N2803-2,1995.
OTHER
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General remarks: ‘Themajorconcern for trying to determine the validity for this tetis thatONLY NOMINAL TEST CHEMICAL CONCENTRATIONS were used. OPPT recommendsthat measured test chemical concentrationsbe used, so that one can accurately determine the testchemical concentration to which t the test organisms are exposed. Ifit is determined that thenominal concentrations arc only, for cxample 0% ofthe measured concentrations, the toxicityvalues can be and mustbeadjusted downward by 50%. 1fanalytical measurementsofsome sorthad been furnished, we could calculate chemical recovery rates, and ake into account hydrolysis,volatility, and other physicochemical processes that might ower the actual test organismexposure concentrations
Purity of the test material 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 othersachemical oflesser purity(approximately 859%)was used. Water,solvent (isopropanol) or a combination ofboth was used inother tests, for na obvious stated reason. In fact, 3M in their summaryofcach test state: “Data may notaccurately relate toxicity of he test sample with thatof thetestsubstance." 1 agree with this concern. Inaddition, if this was a "typical" TSCA section 4 review, I would reject these studies, pending receipt ofadditional information on purity and studies on analytical measurements of the fst chemical in the estmedium,
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Ecotoxicty Study
TOXICITY TO AQUATIC PLANTS (SELENASTRUM CAPRICORNUTUM)TEST SUBSTANCE
Identity: Perfluorooctanoic acid, ammonium salt; mayalsobe referred toas PFOA ammonium salt, Ammonium perfluorooctanoate, PFO,
FC-116, FC-126, FC-169,or FC-143. (Octanoicacid,
pentadecafluoro-, ammonium salt, CAS # 3825-26-1)
Remarks: The 3M production lot number was 427. The test sample isFC-143, referred t by the tet laboratory as N2803-4. The T.R.
Wilbury study number is 895-TH. The purityof the sample was
not sufficiently characterized, alihough current information
indicates it s a mixtureof96.5 - 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: Selenasirum capricornutum
Source: Originally from The Culture CollectionofAlgae at the University
of Texas at Austin, maintained in culture mediumat TR. Wilbury, Inc..
Marblehead, MA.
Element basis: Algal cell counts (cell/mi), and specific growth atesExposure period: 96-hours
Statistical methods: Cell densities, growth rates and percent inhibition
values used to estimate the EC10, ECS0, and EC90 values and 95%
‘confidence limits were calculated using the computer software of CE.Stephan. The no observed effectconcentration (NOEC) was calculatedusing one-way analysisof variance (ANOVA).
Analytical monitoring: pH and temperature
Test Conditions:
Algal nutrient medium: U.S. EPA-recommended sterile enriched
medium, prepared by spiking deionized water with nutrient socks.
“The pH of the synthetic algal medium a test initiation was 7.5.
Stock and test solutions preparation: A 1.000 mg/L primary
stock solution was prepared in sterile enriched media. Appropriate
amountsofthis stock solution were added directly to dilution water
to formulate the test media.
Exposure vessels: 250 mL glass Erlenmeyer flasks containing 50
ml of test solution.
Agitation: Shaken continuously at 100 rpm
Numberofreplicates: 3
Initial algal cel loading: 1.0.X 104 cellsimL
Number of concentrations: Five plus a negative control
Lighting: ~400 fic from continuous cool-white fluorescent lighting
Water chemistry:
pH range: (0-96 hours)
7.59.6 (control exposure)
5.4-7.4.(1,000 mg/L exposure)
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‘Test temperature range: (0- 96 hours)
235 237°C
RESULTS
Nominal concentrations: Bk control, 62, 130, 250, 500, 1000 mL.Element value and 95% confidence interval
72-hour ECI0 (cell density) = 310 (110 -440) mg/L.
72-hour ErC10 (growth rate) = 470 (380- $50) mg/L
72-hour ECS0 (cell 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 EXC90 (growth rate) = >1,000 mg/L (CL. not calculable)96-hourECO (cell density) = 97 (77 - 120) mg/L.
96-hour ErCI0 (growth rate)= 220 (160 - 280) mg/L.
96-hour ECS0 (cel density) = 310 (280 - 350) mg/L
96-hour ErCS0 (growth rate) = >1,000 mg/L (C.. not calculable)
96-Hour EC90 (cll density) = 1,000 (830- >1,000) mg/L.96-hour ErC90 (growth rate)= >1,000 mg/L (C.1 not calculable)
96-hour NOEC (cell density): 62 mg/L.
96-hour NOEC (growth rae): S00 mg/L.
Element values based on nominal concentrations
Biological observations after 96-hours:
‘Nominal Mean Percent Percent
Concentration,| Number ~~ [ Inhibition via| Inhibitionviamg ofCells per | Density Growth Rate

mL
[Control Tdoron0[-—— ._—|
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Control response: Satisfactory
‘Observations: Algal cell counts in cach test vessel were determined by.meansofdirect microscope counts with a hemocytometer. Afer 96 hoursofexposure, there were no signsof aggregation, flocculationoradherenceofthe algae 10 the flasks i the control or any test treatment group. Inaddition, there were no noticeable changes in cel size, color or
morphology when compared to the control,
Reversibilityof Growth Inhibition: Effectofthe test substance wasdetermined to be algistatic based on the results ofthe post-definitive testexposure.
CONCLUSIONS
The test sample 96-hour ECS0 and 95% confidence interval forSelenastrum capricornutum was determined using two calculation
‘methods. By cel density, i was 310 (280 - 350)mg/L,and by growth rate
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1,000 mg/L. The 96-hour NOEC was determined to be 62 mg/L usingcell density and 500 mg/L using growth rate. No signsofaggregation.flocculation, or adherence were noted in anyofthe test solutions. Thistest substance was determined tobe algistatic.
Submitter: 3M Company, Environmental Laboratory, P.0. Box 33331, St.Paul, Minnesota, 55133,
DATA QUALITY
Reliability: Klimisch ranking= 2. The study lacks analyticalmeasurementof test substance concentrations in th tas solutions andthe sample purity is not sufficiently characterized.
REFERENCES
This study was conducted at T-R. Wilbury Laboratories, Inc., Marblehead,MA,a the requestofthe 3M Company, Lab Request number N2803-4,OTHER

General remarks: The major concern fo trying to determine the validity for this test i thatONLY NOMINAL TEST CHEMICAL CONCENTRATIONS were used. OPPT recommendsthat measured test chemical concentrationsbe used, so that one can accurately determine the fostchemical concentration to which 10 the test organisms are exposed. Ifit is determined that henominal concentrations are only, for example 50% of the measured concentrations, the toxicityvalues can be and must be adjusted downward by 0%. IFanalytical measurementsofsome sorthad been furnished. we could calculate chemical recovery rats, and take ino account hydrolysis,volatility, and other physicochemical processes that might ower the actual tes organismexposure concentrations.
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Ecotoxicity Study
“Tiles Muli-Phase Exposure/Recovery Algal Assay Test Method
TESTSUBSTANCE
density: Perfluorooctanoic acid, ammonium salt; mayalsobe refered to as PFOA ammonium salt,Ammonium perfluorooctanoate, PFO, FC-116, FC-126, FC-169, or FC-143. (Octanoic acid,pentadecalluoro-, ammonium salt, CAS # 3825-261)
Remarks: The 3Mproduction lot numberwas 37. The test sample was FC-143. The purity was not‘completely characterized, although information indicates it is a mixtureof96.5-100percent tet substanceand 0-3.5% Ci, C, and Cyperfluoro analogue compounds. The chemical is soluble in water at ambientroom temperature,

METHOD

‘Methodiguideline allowed: Modified from and modeled afer ASTM-E-35.23 Draft No. 2, OECD;AG. Payne. as described in USEPA 600/9-78.018)
Test types Static

GLP (VIN: No

Year study performed: 19581

Species: Sclenasirum capricomutum (7 day old stock)
Supplier: USEPA  ERL in Corvallis, Oregon.
Measure of growth used: biomassi cell dry-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, 100, 1800 mg/L (nominal values).
Exposure period: 4.7. 10, and14days.
Analytical monitoring: There was no information on the measurementof the chemical during the test,There was 10 information on detection limits of the chemical or impuritis.
Statistical methods: ECSO values and 95% confidence limits were calculated using the linear regressionmodel 3M Sixeur
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Test conditions:
- The algal culture was stored in the dark at 4C before use. The initial algal cell count in the stock culture
was 277.000 cells/mL.
- Mineral inorganic) standard nutrient medium was used forculturingtestingalgae. This was prepared
with all mineral nutrients essential for algal growth. The pH was adjusted to 7.5 +.0.1priorto use in the
assays. This nutrient medium was the diluentforall operations that used algae including the preparation

ofstock solutions.
- Exposure vessels were 250 mL Erlenmeyer flasks with 0 mL of test solution and stoppered with
autoclaved foam plugs.
- During the test, the temperature was 23. 2C. The lightwasby fluorescent illuminationof 400 ft
candles + 10%, and cultures were agitated with a continuous shaking platform at 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 water source, contaminants, or chemistryof the water.
“Three replicates were taken at cach dose.

Remarks: pH values were acceptable according to OPPTS Harmonized Guidelines. Water hardness was
not presented.

RESULTS

Dose associated with each endpoint (as mg/L):

ECS0s

Number of Days Exposed Cell Dry Weight (mg/L) Cell-Count (no.cells/mL)

4 149 (57-340) 49.28.75)
7 70 (34-118) 30 21-40)
10 4915-96) 27 (8-50)
1 73 (25-147) 43 (14-81)

195% Confidence Limits

ECI0s

Number of Days Exposed Cell-Count (no. cells/mL)

4 530-7)
7 33024)
10 291-5)

528)

195% Confidence Limits.
EC90s

Number of Days Exposed Cell-Count (no. cells/mL)

4 624 (C.L not calculated)’
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7 283 (150-590)
10 386 (CL notcalculated)
14 307 (C1. not calculated)

195% Confidence Limits

‘Was control response satisfactory (yes/no/unknown): unknown

Statistical results, as appropriate: No p-values were reported

Remarks: After exposure ceased, the algal cels recovered and resumed logarithmic growth when
resuspended in fresh nutrient medium in the absence of the test substance.

CONCLUSIONS

Ammonium perfluorooctanoate exhibits a 14-day ECSO (cell count) value of 43 mg/L with a 95%
confidence interval of 14 081 mg/L.

Submitters” remarks: The authors indicatea Klimisch ranking of2. The study meets the criteria for
quality testing at the time it was conducted. However, the study lacked informationontest substance
purity and actual measurementsofthe test substance i solution.

REFERENCE

Elnabaravy, M.T. 1981. 3M Technical Report Summary, Multi-Phase Exposure/Recovery Algal Assay
“Test Method. Report Number 006. Project Number 9970030000. October 16.

OTHER

General remarks: This summary was based ona summary report and only limited data ables. No
detailed report was available. Therefore, the contents of this summary, in reference to the protocols and
resultsof the study, are limited.
“The major concern fo trying to determine the validity for this test 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
he test organisms are exposed. Iii determined tha the nominal concentrations are only, for example
50%of the measured concentrations, th toxicity values can be and must be adjusted downward by 50%
If analytical 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. As itis we are operating in the dark on thi issuc.
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INVERTEBRATE TOXICITY

Title: Acute Toxicity to Aquatic Invertebrates (Summary of three 48-hour studies in dict)

TESTSUBSTANCE

Identity: Perfluorooctanoic acid, ammonium salt; also referred to as PFOA ammonium salt, ammoniumperfluorooctanoate, PFO, FC-116, FC-126, FC-169, or FC-143. (Octanoic acid, pentadecafluoro-,ammonium salt, CAS# 3825-26-1)

Remarks: The 3M product lot number used was 37. The test sample was FC-143. It's purity was not‘completely characterized, although information indicateditwas a mixtureof96.5-100% est substance.and 0-3.5% C6, C7, and C9 perfluoro-analogue compounds.

METHODS

Methodguideline followed: Not stated

Test type: Static

GLP (VN): No

Year study performed: 1952

Species: Daphnia magna
age = First-Instar young
length = 0.5 ~ 1.5 mm

Supplicr: 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 monitoring of the test substance concentrations was done:

Statistical methods: Chi-square test was used

Test conditions:
“Dilution water used was carbon-filered well water (all three tests), with a temperature of24C in twotests (the temp. in the third test was not given).
“Test solutions were made from a common stocksolutionwith a concentrationofSg/L.“Two replicates were taken

308

009207



“NumberofDaphnia were 10-20 per replicate“Exposure vessels were 250 mL glass beakers containing 200 mL est solution (6 cm in depth)“Water chemistry during the test was as follows:
“Temp ranged from 22.24C
‘PH was 8. forthe tests in whichi was reported (measured at 48 hours)DO was 82-85 ppm for tests in which it was reported and for which it could be read(measured at 48 hours)

Remarks: pH and hardness measurements were not presentedfordition wate; hardness during the testwas not presented. Information on dict was also not presented.
RESULTS

Doseof each endpoint (1s mg/L): 48-hour ECS0 ranged from 126 mg. (with C.1. 86 0 183 mg/L) to >1000 mg/L.
Remarks:

~ Lowest test substance concentration causing 100% mortality was 500 mg/L (from bothreplicates ofa single tes)
- Mortalityofcontrols was 10% in one replicate ofonc test- Abnormal responses included marked reduction in locomotion at 1000 mg/L in one test
Was control response satisfactory (yes/aounknown): It appesrs that the control response wassatisictory, given the information provided.
Statistical results,asappropriate: Some statistically significant results are presented (p valuesassociated with Chi-square tests), butt is unclear what they rfer (0.

The test sample results (ic. the large range in ECS0 values) were inconsistent. The authorssuggest that this difference may be due to differences in die.
Submitters” remarks: The Klimisch ranking forthe study was 3. Several reasons were indicated,including: the method was not described, sample purity was not properly characterized and lackedanalytical confirmation oftest substance concentrations. They also note the values from multiple testscontradict cach other. The authors als note that they conducted th studies specificallyto evaluatedit
Reviewers® remarks: Although the authors indicate tha dit may be the cause of he differences inECS05, no information on diets spresented.
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REFERENCE

Not enough information except what submitters include in their reference section, which sates: “These.studies were conducted by the 3M Company, Environmental Laboratory, St. Paul, MN, completed fromMay 0 June, 1982"

OTHER

General remarks: This summary was based on a report and only limited data ables. Nodetailed report was available. Therefore, the contents ofthis summary, in reference 1 theprotocols and results of the study, are limited.

“The major concern for rying to determine the validity for this test i that ONLY NOMINAL.TEST CHEMICAL CONCENTRATIONS were used. OPPT recommends that measured testchemical concentrations be used, so that one can accurately determine the est chemical‘concentration to which 1 the test organisms ae exposed. IFit is determined that the nominal‘concentrations arc only, for example 50%ofthe measured concentrations, the toxicity values can‘be and must be adjusted downward by 50%. If analytical measurements of some sort had beenfurnished, we could calculate chemical recovery rates, and take into account hydrolysis, volatility,and other physicochemical processes that might lower the actual test organism exposureconcentrations.
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INVERTEBRATE TOXICITY
“Title: Chronic Toxicity to Freshwater Invertebrates (Daphnia magna)
TEST SUBSTANCE

Identity: Perfluorooctanoic acid, ammonium salt; also referred to as PFOA ammonium salt, ammoniumperfluoroosiancate, PFO, FC-116, FC-126, FC-169, or FC-143. (Octane acid, pentadecafluoron.ammonium sal, CASH 3825-26-1)
Remarks: The 3M product lot number used was 264. The test sample was FC-143. 1'spurity was not‘completely characterized, although information indicated it was a mixtureof96.5-100% test substance.and 0-3.5% C6, C7, and C9 perfluoro analogue compounds
METHODS

Method/guideline followed: USEPA-1982, OECD 1951

Test type: Semi-statc life-cycle toxicity

GLP (VIN): No

ear study performed: 1954

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.(Results. however, were based on mean measured concentrations sce below.)
Exposure period: 21 days

Analytical monitoring: Not stated

Statistical methods: Acute est: Probit analysis. Chronic test: moving average angle method. AsclCorp. Duluth, MN recalculated statistics in 1998. NOECs and LOECs were generated using ToxstatReproduction was normal and homogenous thereforeDumnet’s Test was used. Fisher's Test was usedfor survival. ICS0S (for reproduction) were generated using ICp program. Survival ECS0s woreencrated using “Trimmed Spearman-Karbar'.
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Test conditions:

“Dilution water source was aerated carbon lered well water
Dilution water chemistry was:

hardness: 240 mg/L as CaCO3
alkalinity: 230 mg/Las CaC03
pH 18
CoD: 04mg

“Media renewal information rationale: medium was changed once every two days“Exposure vessels were 250 mi glass beakers (containing 200 mLofsolution toa depthofsbout Scm; 1 animal per 40 ml, no aeration during the test)
~Ambient laboratory lighting was used (cool-white fluorescent, at ambient levels, 16 hours perday)

“Four replicate beakers were used
“There were 20 animals per concentration (5 per replicate)
~Water temperature during the testwas 22 + 2

=A suspensionoffish food and yeast containing § mg dry solids per I ml mixture was fed on adaily basis

Remarks: pH and hardness measurementsofwaterduring the test were not resented. Also, the OPPSharmonized guidelines state that hardness should be a maximum of 150 mg/L as CaCO3 during the test ifchemistry priorto the test was indicativeof during the test, the hardness value of 240 mg/Lofthe dilutionwater was too high

RESULTS

Doseofeach endpoint (as mg/L)*:

14 day NOEC (survival) = 60 mg/L
14 day NOEC (reproduction)~ 8 mg/L.
21 day NOEC (survival) = 22 mg/L
21 day NOEC (reproduction) = 22 mg/L
14 day IC50 (reproduction) ~ 40 (28-48) mg/L
21 day C50 (reproduction) = 43 (35-46) mg/L

All clement concentrations were based on mean measured concentrationsand the reportedendpoint values are from the reanalysis ofthe data by Ascl Corp.
Remar ks:

- All surviving first generation daphnids appeared normal at the end ofthe fest. Tn the 36 and 60mg/L treatments, survivalwasstatistically different from the negative control group.- Neonates started tobeproduced on Day 7. Reproduction was statistically significantly diffrent fromhe control (Dunnett's)a the 13, 22, 36, and 60 mL. concentrations afte 14 days, and inthe 36 and 60mg/L test solutions at 21 days.
- 100% mortality was not observed at any dose.
- No mortality was seen inthe controls
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‘Was control response satisfactory (yes/ao/unknown): Yes, based on the fac that there was nomorality.
Statistical resus, a appropriate: It appears some results are siaisialy significant, based oncomputer printouts. However, lack of information made hese dificult to inept,
CONCLUSIONS
There were no adverse effets on survival or reproduction at concentrations<22 mg/Lfor 21 days.
Submitters” remarks: The Klimisch ranking was 3. The study was apparently well conductedaccording o the methodology available at he timeof the tart ofhe ext
Reviewers’ remarks: none

3M Company. Chronictoxicty to freshwater invertebrates. [No other information available]
OTHER

General remarks: This summary was based on a summary report and only limited data ables.No detailed report was availble. Therefor, the contentsofthis Summary. reference 10 heprotocols and results of the stud, are mice
Also, an acute es was conducted, possibly a a range-fnding study. However,thepurposeofhe acute test was not very clear from the std.
“The majo concern for trying to determine the validity for this sts that ONLY NOMINALTEST CHEMICAL CONCENTRATIONS were used. OPPT rccommends hat measured estchemical concentrationsbeused. so that one can accurately determine the test chemicalconcentration 0 which 0 the test organismsate exposed. Ii is determined that she nominalconcentrations re only, for example S0% of the measured concentrationshe toxicity values canbe and mastbe adjust downward by 50%. Fanalytical measurements ofsome sot had becnfurnished, we could calculate chemical recovery rates, and ake nt account hydrolysis volatility,and othe physicochemical processes tha might low the actual fest organism exposureconcentrations
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INVERTEBRATE TOXICITY
Title: Acute toxicitytoaquatic invertebrates (Daphnia magna)
TEST SUBSTANCE.

Identity: Perfluorooctanoic acid, ammonium salt also refered o as PFOA ammonium salt, ammoniumperfluorooctanoatc, FC-116, FC-126, FC-169, or FC-143. (Octanoic acid, pentadecafluoro-, ammoniumsalt, CASH 3825-261)
Remarks: The 3M production lo number was 390. The test sample was FC-126, a white powdery solid.Tis purity ws not sufficiently characterized, although current information indicates tis a mixtureof 75.93% test substance and 7-22%CS, C6, and C7 perfluoro analogue compounds
METHODS

Methodguideline followed: Not stated

Test type: Static

GLP (VIN): No

ear 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.
Statistical methods: Probit analysis

Test conditions:

“Dillion water sourcewas carbon-filered wellwaterwith the following chemical characteristics:
Temp was 21C
DO was 9.4 ppm
pHwas 7.9

Test solutions were prepared by direct weights addition
Stability ofthe est chemical solution as not noted
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“Exposure vesselwas a 250 mL Pyrex glass beaker containing 200 mL test solution (toa 6 cmdepth)
“Numberofdaphnids per replicate was 10
“Water chemistry during test:

DO
control: 9.0 mg/L
1000mg/Lexposure: 8.8 mg/L
pH
control: 80
1000 mg/L: 8.1

Temp
2c

Remarks: No other detailsof the test conditions were presented, including water hardness.

Dose of each endpoint (as mg/L): 48-hour ECS0 was 221 mg/L (95% CI: 186-261)
Remarks:

- Lowest test substance concentration causing 100% mortality was 560 mg/Lat 48 hours (bothreplicates)
- There was no mortality in the controls

‘Was control response satisfactory (yes/no/unknown): Yes,basedon the fact that there was no.mortality

Statistical results, as appropriate: Not presented
CONCLUSIONS

“The 48-hour ECS0wasdeterminedto be 221 mg/L (with a95 % C.L. of 186-261)
Submitters” remarks:Thedataquality Klimisch rankingwas2. Testing metthecriteriafor qualitytesting. However, sample purity was not properly characterized and it lacked analytical confirmation oftest substance concentrations.

Reviewers’ remarks: none

REFERENCE

3M Company. 1987. [Report title not given.] LabRequest Number 1282-1. Completed onApril 30.

OTHER

General remarks: This summary was basedon a summary report andonly limited data tables.No detailed report was available. Therefore, the contentsof this summary, in reference to theprotocols and resultsof the study, are limited.
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“The major concern for trying to determine the validityfor this testis that ONLY NOMINALTEST CHEMICAL CONCENTRATIONS were used. OPPT recommends that measured testchemical concentrationsbeuscd,so that one can accurately determine the test chemical‘concentration to which 1 the test organisms are exposed. If itis determined tha the nominal‘concentrations are only, for example 50%ofthe measured concentrations, the toxicity values canbe andmustbe adjusted downwardby 50%. If analytical messurements of some sort had been.furnished,we could calculate chemical recovery rats, and take into account hydrolysis, volatility,‘and other physicochemical processes that might ower the actual tes organism exposureconcentrations.
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TOXICITY TO INVERTEBRATES
“Title: Static Acute Toxicity of FX-1003 to the Daphnid, Daphnia magna

TEST SUBSTANCE

Identity: Perfluoroactanoic acid, ammonium salt; may alsa be referred to as PFOS ammonium salt,ammonium perfluoroocanoate, PFO, FC-116, FC-126, FC-169, FC-143,or as a major component of FX-1003. (Octanoicacid,pentadecafluoro-, ammonium salt, CASRN 3825-26-1)
Remarks: The 3M production lot number was 2327. The purity of the test sample, FX-1003, was notsufficiently characterized, though available information indicated itwas a solutionof<45% ammoniumperfluorooctanoate, 50% water, <3% inert perfluorinated compound, and 1 - 2% Cand C; perfluoro-analogue compounds.

METHODS

Method/guidelinefollowed: OECD 202

Test type: Static

GLP (YAN): Yes

Year study performed: 1990

Species: Daphnids used in the est were less than 24 hours olda the startof the test. They were producedfrom an in-house culture that was maintained under test conditions for at least 14 days. Prior to testing,daphnids were maintained in 100% dilution water (collected fromwellsat EnviroSystems in Hampton,New Hampshire) under static conditions. During acclimation, daphnids were not treated for disease and.were free of apparent sicknass, injuris, and abnormalities a the beginningof the test. Daphnids were fedyeast, trout chow, and the freshwater alga Selenastrum capricormutum once daily before the test.Daphnids were not fed during the test.

‘Supplier: EnviroSystems-daphnids,3M-testsubstance

‘Concentrations tested: A screening test was performed prior fo the definitive toxicity test, Nominal‘concentrationsofthe test substance were 0.1, 1, 100 and 1000 mg/L; the number ofreplicates was notindicated. For thedefinitive tes, four replicatesof each ofthe following test substance concentrationswere 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 eachtest chamber containing live fest animals
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Statistical methods: Results of the toxiity est were interpreted by standard statistical techniques(Stephan, 1983). The probit, moving average, or linear interpolation method was used to calculatethe 48-hour ECs (based on immobilization) using nominal concentrations of the test substance.
Test conditions: Water usedforacclimation of the test organisms, and for all toxicity testing, wascollected fromwells at EnviroSystcms in Hampton, New Hampshire. Water was adjusted to a hardness of150 mg/L. as CaCO; and aerated in S00-gallon polyethylene tanks prior to est initiation. During theacclimation period (24-hours prior 1 the test initiation), the dilution water temperature was 19.8°C. Nostock solution was prepared, a the test substance was added directly to dilution water contained in thetestvessels without the uscofasolvent. The stability ofthe test solutions was not indicated. Nominalconcentrationsof the est substance were 0 (blank control), 150, 250, 400, 600, and 1000 mg/L. Fourreplicatesof cach test concentration were used. Twenty daphnids were randomly and equally distributed‘among four replicatesof cach treatment. Exposurevesselswere 250 mi. glass beakers containing 200 mLofthetestsolution (approximately 7 cm depth). Test vessels were randomly arranged in an incubatorduring the 48-hour test. During the test, the following water chemistry ranges (0 48 hour) were.determined: Conductivity 800- 900 pmhosiem (control exposure and 1000 mg/L exposure); pH 8.1 —8.2 (control exposure), 8.3 - 8.4 (1000 mg/L exposure); Temperature 19.5-20.1°C (control exposure and1000 mg/L exposure); Dissolved 0; 9.0 ~9.5 mg/L (control exposure), 9.1 - 9.5 mg/L (1000 mg/Lexposure). Aeration was not required during the study to maintain dissolved oxygen concentrations aboveacceptable levels. A 16-hour light and 8-hour dark photoperiod was automatically maintained with cool.white fluorescent lights that provided an intensityof45 Es m. Loading rate during the toxicity test wasapproximately 0.018 g/L.

Remarks: No additional comments

RESULTS

Dose of each endpoint (as mg/L):
Screening test: LC= 1000 mg/L, NOEC = 100 mg/L
Definitive test (based on immobilization): 24-hour ECs>1000 mg/L, 48-hour EC= 584 mL (95% confidence level = 400. 1000 mg/L)

Remarks: For the screeningtest, after45 hoursof exposure, there was60%survival at1000 mg/L and100% survivala all other tested concentrations. For the definitive tes, all est vessels mainiaineda clearappearance throughout the study. 100%survival occurred in the control exposure. Control daphnids hadan average wet weight (blotted dry) of 0.0007g at the endofthe test. Loading rate during the toxicity testwas approximately 0.018 gL. Exposureofdaphnids to the reference toxicant, sodium dodecyl sulfate,resulted in a48-hourLC:nof 33 mg/L anda43-hour ECs of 16 mg/L.
‘Was control response satisfactory (ves/no/unknown): yes
Statistical results as appropriate: No additional comments.

CONCLUSIONS
“The test sample 48-hour ECS0 for Daplnia magne was determined to be 584 mg/L, with a 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 mad to confi test substanceconcentrations

Reviewers” remarks: The submitters” conclusions appeartobeaccurate, based on the data.
REEERENCI

EnviroSystems, Inc. 1990. Static Acute Toxicity of FX-1003 to theDaphnid, Daphnia magna.Hampton, NH. EnviroSystems study number9013-3.

OTHER

General remarks: The major concern for trying to determine the validity for thi test is thatONLY NOMINAL TEST CHEMICAL CONCENTRATIONS were uscd. OPPT recommendsthat measured test chemical concentrations be used, so that one can accurately determine the test‘chemical concentration to which to the test organisms arc exposed. Ifit i determined that thenominal concentrations are only, for example 50% of the measured concentrations, the toxicityvalues 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, and other physicochemical processes that might lower the actual test organismexposure concentrations.

Puryofthe test material also is a major concen and was not sufficiently characterized in thistest. Tn some tests it appeared that 100% test chemical was used, for othersa chemical of lesserpurity (approximately 85%) was used. Water, asolvent isopropanol)or a combinationofbothwas used in other tests, for no obvious stated reason. In fact, 3M in their summaryof each teststate: “Data may not accurately relate toxicityof thetest sample with that of he test substance. ”agree with this concern. Inaddition, if this was a “typical” TSCA section 4 review,| wouldreject these studies, pending receiptofadditional information on purity and studies on analyticalmeasurementsofthe test chemicali the test medium.
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AQUATIC PLANTS TOXICITY
“Tithe: Growth and Reproduction Toxicity Test with N2803-3 and the Freshwater Alga, Seerastrumcapricormunum
TEST SUBSTANCE
entity: Perfluorooctanoie acid; may alsobe refered to as PFOA, FC-26,or FX-1001. (Octanoic acid,pentadecafluoro-, CASRN 335-671)
Remarks: The 3M production lot umber was 269. The test sample was FC-26, referred 0 by the estlaboratory as N2803-3. The purity ofthe sample was not sufficiently characterized. although currentinformation indicated i was a mixtureof 96.5 - 100% test substance ad 03.5% Co. Cand Coperuoro-homologu compounds. The tet sample wasawhit powder. As sated by he submit, thesample preparation directionsgiven t he laboratory wer fo dikolv th tet material in 8 $0.30‘wateisopropano solution. In the protocol amendment, es stated that the Sample as combined withisopropanol ina S0:50 rato prior to use
METHODS
Methoguideline followed: USEPA-TSCA Guideline 797.1050
Test types Static
GLP (VN): Y

ear study performed: 1995
Species: The algae were acclimated insert, enriched media and maintained at est conditions for atfeast 14 days prior (0th definitive est. The sub-sampleofalgae usd t imoculate med at th sar ofthe definitive fst was from 10-day old cule,
Supplier: The supplier ofthe algae eulure was the Culture CollectionofAlgae at theU ofTexas atAustin
Measureofgrowth used: numberof celsimL., grow rate
Concentrations tested: Forthe range-finding test, the following concentrations oftest substance wereused: 0.050,0.50,5.0, and 50 ma (the number ofreplicates was no specified) Forth define sessone dilution wate control and ive nominal concentration were used in the study. The S0:50 mixture ofisopropanol and est substance (N2803-3) was considered fo be 100% et substance during theperformanceofthe toxicity test. All sults were reported both o the basisof est substance a-csted(50% N2803-3 and 50% isopropanol) and test substancea.received (N2803-3 without iopropanal). Theas-tsted concentrations wer: 0, 63, 125, 250, 500, and 1000 mL the as-received concentrations were:0.32.63, 130, 250, and 500 mg/L. Three replicates ofexch contol and test concentration were tlsedunder sac test conditions.
Exposure period: 96 hours

320

000219



Analytical monitoring: Concentrationsof the est substance were not measured during the study. The
PH in each test vessel was measured at the beginning and end of the test. Incubator temperature was
‘measured and recorded daly. The temperature in a representative vesselof water, which was incubated
with the test vessels, was continuously recorded.

Statistical methods: Cell densities, growth rate, and percent inhibition values, which were used to
estimate 72- and 96-hour ECiq values and 95% confidence limits, were calculated using the
binomialinterpolation method (Stephan, 1984). All calculations were performed using the number of
cells/mL, the average specific growth rates, and the nominal concentrations of the test substance. The no-
observed-effect-concentration (NOEC) was calculated using &parametric one-way analysisofvariance.
(ANOVA), the numberofcells/mL, and the average specific growth rate in cach test vessel at the end of
the test.

“Test conditions: The algal medium was prepared according to USEPA recommended concentrations by
‘combining de-ionized water and nutrient stocks. Water used for the acclimationofthe test organisms and
forall toxicity testing was sterile, enriched media, adjusted 10 a target pH of 7.5 with 0.1 M HC prior to
use (the pHofthe synthetic algal medium at test initiation was 7.4). Algal medium was used for culuring.
and as the diluent. A chemical characterization ofa representative sampleoftest media, and water used to
formulate test media,wasperformed. Phosphorous, mitrate, and chloride were detected at the following
concentrations: 0.46, 0.08, and 14 my/L, respectively. Heavy metals detected in the diluent and test
‘medium included cadmium (0.0002 mg/L) and lead (0.08 mg/L). Other potential contaminants were at or
below the levelof detection. The test substance (as-received) was assumed 10have a puriy of 100%
active ingredient and tobe stable under storage and testing conditions. A 1000 mg/L primary stock
Solution ofthe test substance (as-ested) was prepared by combining N2803-3 (as-tested) and sterile,
enriched media. Appropriate amountsofthis stock solution were added directly to dilution water to
formulate the test media. Algac were distributed among three replicatesof cach treatment at the ate of
10,000 cellsimL. Exposure vessels consisted of 250 mL glass Erlenmeyer flasks containing 50 mL oftest
Solution. Test vessels were randomly arranged ona rotary shaker adjusted to 100 rpm in an incubator
during the test. The pHofth test solutions for the 250, 500, and 1000 me/L exposure concentrations
were in the range of 2.9-4.0 at test initiation. As stated by the submitir, this low pH may have adversely
affected the survival and subsequent growthof the algac. The measured water chemistry values (0-96
hours) were as follows: pH range = 7.4 — 10.3 (control exposure), 2.9 - 3.0 (1000 mg/L exposure), mean
temperature range= 23.5 - 24°C. A 24-hour light and 0-hour dark photoperiod was automatically
maintained with cool-white fluorescent lights that provided a light intensity ofapproximately 350
footcandies. Algal cell counts in each test vessel were determined dailyby means ofdict microscope
counts witha hemocytometer.

Remarks: Water hardness was not indicated. The pH for many exposure concentrations was outside the.
accepted rangefor S. 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 the
laboratory and the procedure conducted by the laboratory to prepare the test solutions

RESULTS

Dose of each endpoint (as mg/L): The NOEC for therange-finding study was 50 mg/L. For the.
definitivestudy, the 96-hour ECs (and associated 95% confidencelimits) was 180 mg/L (125 -250
mg/L). based on test substance as-ested (50% N2803-3 and 50% isopropanol) and 90 mg/L (63 - 130
mg/L). based on test substance as-received. The 96-hour NOEC and LOEC values were 125 and 250
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mL respectively, based a est substance as-tcsed, The 96-hourNOC and LOEC vals were 63 and130 mu. respectively, based on he ts substance asocd. Th cl growth dota promsale

Table 1: Cell growth data ofacute toxiiy test with N2803-3 and thefreshwater sae, Selenasiram

‘Nominal ‘Numberofcells/ml x10”(hour) Percent Percentconcentration Inhibition | ahiastesed. | Hours Va | vane = Deity | Growin[*[===71% oe[Comm 10 3 |me[a ren |]CeToTaTow aw ow aTEn A |C0 0 <0Tio 0Tio toToo]CsTo a0 lo io[<0 0|ia]CroT0110=i0Tio =io110 [too

Remarks: Afr 96 oursofexposure, hrs were no signsof agregation, flocculation,or adherence ofhe aga to the Tasks nth convo of any 1s eaten! rou. nso, the wie pe poolechange incl size color, af morphology when compared 1 he contol. The eee arNIHR mosetna to be algal, not sed, basedon he elsoffh Post deve tt Eons. nstated by the submiter biological data generated by’ previous cxpomre ofsae 10 sopmopet cohol(Ward, ata. 1995)deponststed that 000 gLof prop! scone dd not hit srw. Ths putingindicated hat he concentration of soppy! alcoho in th est chemical id ht acount or he iyGTNIRIS. Test substance concentrations above 123 mL. reed pH viuss 4. howe te orpH may hve cased inhibition of ga gow at higher concenaons of es sbtnce. The weeConcematon ofet substance Gerd 10 cave 100%moray ws 250 mp
Was control response satisfactory (yesinounknown): yes
Statistical resus, as appropriate: No addin! comments
concuusions
The NOEC forthe range-fnding study was 50 mgL. For the definitive studs,th 96-houe ECsows 150maT bas on ts substancs aS-4Sicd and 90 lL, bce on 5 ubsanes aeceved, The SononrNOEC and LOEC vluss were 125 and 350 mel (astd) and 9 nd 130 ma. wrecivedrealy
Submiters’ remarks: Klinich ranking 3. Th say lacks analytical measurementoftest substanceconcenratons in th st olution. Sample purty s nt suffer characterised Adomaly. scpears be. crepancy between the sare preparation directions Sve 0 th sborsons id

m

000221



procedure conducted by the laboratory to prepare the test solutions. Survival and growth of the algac mayhave been adversely affected by inital low pH values in the higher test substance concentrations.
Reviewers’ remarks: The conclusions appear tobe supported by the data. The low pH, which may havefurther increased growth inhibition, was clearly statedas a possible sourceoferror.

TR. Wilbury Laboratories, Inc. 1995. Growth and Reproduction Toxicity Test with N2803-3 and theFreshwater Alga, Selenastrum capricormutum. Marblehead, MA. Study number B93.TH.

OTHER

General remarks: The major concen for trying to determine the validity for this testis thatONLY NOMINAL TEST CHEMICAL CONCENTRATIONS were used. OPPT recommendsthat measured test chemical concentrationsbe used,so that one can accurately determine the testchemical 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 toxicityvalues 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,volaility, and other physicochemical processes that might lower the actual test organism
‘exposure concentrations.
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TOXICITY TO INVERTEBRATES
“Titles Acute Tonicityof N2803-3 to the aphid, Daphnia magna
TEST SUBSTANCE

entity: Perfluorooctanoie acd; may also be refered 1 as PFOA, FC-26, or FX-1001. (Octanoie acid,pentadecaftuoro, CASRN 335-671)
Remarks: The 3M production lot rumber was 269. The test substance was a white powder. Th testsample. FC-26, was referred to by the tet laboratoryas N2803-3 The purty ofthe sample vas worsufficiently characterized, although avalabl information indicated it was mixture of96.5 100% estsubstance and0 3.5% Co C, and Co perfluor- homologue compounds.
METHODS

Method/guideline followed: U.S. EPA-TSCA Guideline 797.1300
Test type: Static

GL (VIN): Yes with ane exception: the stabilityof the fest substance was assumed, but not verified.
Year study performeds 1996

Species: Water used for aclimation ofthe st organisms was deionized water collected at TR. WilburyLaboratories in Marbichead, MA. Daphnids employed in the study were les than 24 hours old Testspecimens were produced by adult daphids hat were maintained tinder ot conditions for more than 7days. The original culture was obtained from Aquatic Research Organisms, Hampton. NEL. Duringacclimation, daphnids were not treated for disease, hey were iceofapparent Sickness, injuris, mdabnormalities attest initiation. There was no mortality during the 48 hours preceding the tart ofth test.The culture was supplicd with  yeasrout chow mix and the freshwater alga Selenastrum copyioepmondaily durin acclimation. Daphnids were not fed during he fest.
Supplier: TR. Wilbur Laboratories supplied he test organisms. 3M, th sponsor, supplied the estsubstance
‘Concentrations tested: For th sate screening est, the nominal concentrations ofthe test substance(as-received) were: 0.050, 0.50, 50, 50, and 500 ma/L. For the static definitive est, two replicates ofcach concentration were usd. The following nominal concentrations were lized: 0 (bank convoy,130.200, 360, 600, and 1000 mg/L. (tested asa 50:50 mixtureof est subsianee and isopropanah Thenominal concentrationoftest substance (as-received) in solutionwas0(blank contro) 65, 110, 150, 300,and S00 mg
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Exposure period: 48 hours
Analytical monitoring: Test substance concentrations were not measured durin th study. All toxicityfests ere based on nominal concentration oftest substance. Dissolved oxygen, pi, conductivity, andtemperature were measured and recorded daly in cach fst chamber that containgdliveanimals. Thetemperature ina beaker of wate incubated among the test vessels was recorded continuously dung thetest.

Statistical methods: LC and EC. values were calculated, when possbi,byprobit analysis, movingaverage method, orbinomial probability with non-linearinterplation (Stephan, 1983).
Test conditions:
Water used for acclimation of he tes organisms and for al toxicity testing was deionized wate collectedat TR. Wilbury Laboratories in Marblehead, MA. Water was adjusted to hardness of 160-150 mg/L.CaCO, and stored in S00-gallon polyethylene tanks, where it was acrated nd continuously passedthrougha parile fer, ultraviolet seiizer, and activated carbon. A chemical characterization of arepresentative sampleof dilution wate detected iro a1 0.03 mg/L: al athe potential contaminants rebelow the levelof detection or not present. The fest substance was prepared by combining N2803-5, av.voceived from th sponsor, with isopropanol in 50:50 rt. However. th fest substance preparationdirections given tothe laboratory were 0 dissolve the test mateialin 0:50 watersopropanol Sluion.“This 0:50 mixture was then considered 0 be 100% test substance during the toxicity ts, but all resultsar reported on an active ingredient basis (active ingredient i he tet substance a-Tceived minus heisopropanol). The test substance was assumed © have purty of 100% acive ingredient and (0 be stableunder storage and testing conditions. Fo the est organisms, measurements made during the 7 days prior10the startof the definitive test with N2803-3 indicated culture temperature range of 19.5 -20.5°C anda dissolved oxygen concentrationof at least 9.1 mg/L. A 1000 mg/L. sock solution was prepared bycombining 20. of the test substance (50:50 mixture of N2803-3 and isopropanol) and dilution water 0afinal volumeof 2000 mL. The test vessels were 300 mi. las beakers that contained 250 mi. ofetsolution (approximate depth was cm) durin the test. Appropriate amounts of the stock solution wereadded to dilution wate in est vessels 0 formulate fst media with the use ofa solvent. Twenty daphnids‘were indiscriminately and cqually disrbuted among wo replicates ofach cst concentration Testvessels were randomly arranged in an incubator and loosely coveredduringthe 48-hour tet. During thedefinitive test, th following anges were estimated from measurements: dissolved oxygen 8.1 £8me/L, temperature = 19:4 -20.7°C, conductivity = $70 610 umhos/em, pH = 3.3 8.5. A 16-hour lightand K-hour dark photoperiod with. 15-minute transition period was automatically maintained with cool.whit fluorescent lights that provideda ight intensityof 58 footcandles. Acration was not requiredmainain dissolved oxygen concentrations above an acceptable level.
A static test was conducted with 390 mg/L. sopropanl end dilution water control. Two replicates ofeach concentration and 10daphnids replicate were used. This est was conducted ina manner Smita (0he fest with N2803-3. Measurements made during the 7days prior fo
initiation of th isopropanol tociy est. These measurements indicated a culture temperature range of20.1209 anda dissolved oxygen concentration oft fast 5.3 mg/L. The tet vessel were randomlyarranged in a wate bath and the ight ntnsity was 13 — 25 ootcandles. The following ranges wereestimated from measurements during the st dissolved O; 8.1 8.5 mg/L, temperature = 20.420.9°C, conductivity = 530- 40 mhosiem, pt = 8.3.5.

325

009224



Remarks: No additional comments
RESULTS

Dosofach endpoint (as mg/L): LCs and ECs values and 5% confidence nervalsBased ones branes seseccned
24hour LCs - 300 (300-500) mg/L.
24chour EC, = 420 G70 490) mL.
48-hour LCs= 400 (350 460) mg/L.
48-hour ECs= 360 (300 - 500) mg/L.
48-hour NOEC =180 mg/LBased on test substancessested (S050 rato of N2803 isopropanol:2ihour LC-1000 (600-1000) mL24h EC 40 (740. 970) mL
8hour LCs - 800 (100920) mill.
i8chou EC - 720 (560 750) mg.
48-hour NOEC = 360 mg/L

Remarks: During he toxiiy ts with 390 mg/L sopropanl, no mari or sublethal fects wereobserved and the 48-hour ECo and LCs values wero 5 300 mill For the screnin test (45-hour post
exposure), there was at least 95% survival at 0 (blank control),0.050,0.5, and 5.0 mg/L. Also, there was
15% survival at 500 mg/L (surviving daphnids exposed to 500 mg/L were immobilized). During thedent toxicity test with N2BO3.3, no insoluble material was nolod dung the est. Ah 4% hug ofCxponre th control daphnids ad sh veTage wet weigh (oth of 0.53 mg. The fs sutance(N2R03.3 did mot caus 100% morality at any coneanirtion eed No marty was observed theControls durin th dent eto Seeening ot. Table 1 depicts cumulative prcem mova of heGenitive tes

Table 1. Cumulative Percent Morality
Was control [oi oiaied response
saSfactory| concentration (mg/L)
I ————

oe 0 0Ce 0
se 0 0eoToisCoeTsTw]

(esmatunknown Yes
Statistical results, as appropriate: No additional comments
ONCLUSIONS

tedssn (N2805:3) 45 bose LCS) foDpmagn was determi ob500 mel with 95% confidence nerval of 100 920 mg/L. Th aeteued st bone 45.our ECSO fo Daphnia gna was determined tobe 730 mE. wilh 95% confidence sere of
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660 ~ 780 mL. The as-tested test substance 48-hour no-observed-effect-concentration (NOEC)
was 360 mg/L. The 48-hour LCSO for Daphnia magna, based on the concentrationoftest
substance in solution was determined obe 400 mg/L, with a 95% confidence intervalof350.
460 mL. The 48-hour EC.o for Daphnia magna, based on the concentration oftest substance in
solution was determined tobe 360 mg/L, witha 95% confidenceintervalof 300- 500 mg/L. The
48-hour no- observed-effect-concentration (NOEC) fo the test substance in solution was 150
mel.

‘Submitters’ remarks: Klimisch ranking 3. The study lacks analytical measurementof test substance.
‘concentrations in the test solutions and sample puriy is not sufficiently characterized. Additionally, there
appears tobe adiscrepancy between the sample preparation directions given to th laboratory and the.
procedure 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, Ine. 1996. Acute Toxicity ofN2803-3 to the
‘Daphnid, Daphnia magna. Marblehead. MA. Study number $92-TH.

OTHER

General remarks: The major concern for tying to determine the validity or tis test is that
ONLY NOMINAL TEST CHEMICAL CONCENTRATIONS were used. OPPT recommends
that measuredtestchemical concentrations be used,sothat one can accurately determinethe est
chemical concentration to which 0 the test organisms are exposed. IFitisdetermined that the
nominal concentrations are only, for example 0%of the measured concentrations, the toxicity
values can be and must be adjusted downward by 50%. IFanalytical measurements of some sort
had been furnished, 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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AQUATIC PLANTS TOXICITY

“Title: Growth and reproduction toxicity test with FC-1015 and the rashvwater alga, Selenastrum
capricormutum

TEST SUBSTANCE

Identity: Perfulorooctanoic acid, ammonium salt; may also be referred to 2s PFOA ammonium sal,
Ammonium perfluorooctanoaie, PFO, FC-116, FC-126, FC-169, FC-143 or as the major component of
FC-1015. (Octanoicacid,pentadecafiuoro- ammonium sal, CAS #3825-26-1)
Remarks: The test sample is FC-1015. Tis purity was not sufficiently characterized, though current
information indices it is a 30% straight carbon chain version of FC-143 in 80% water. The 3M product
Tot number was “HOGE 205.” Data may not accurately relate toxicity of the test sample with thtof the
st substance. Data were used to compare toxicityofthe branchedistraight chain ammonium
perfluorooctanaate homolog mixture in FC-143 v. what is supposed to be the 100% straight carbon chain
ammonium perluorooctanote in FC-1015.

METHODS

‘Method/guideline followed: OECD 201, USEPA-TSCA, Guideline 797.1050

Test type: static

GLP (YN): N

ear study performed: 1996

Species: Selenastrum capricornunum

‘Supplier: UniversityofTexas at Austin

Measureofgrowth used: algal cell counts (cells/mL), cell dry weights

Concentrations used: 0,210, 430, 830, 1670, and 3330 mg/L. The concentrations were nominal. Three.
replicates at each concentration were ested.

Exposure period: 96 hours

Analytical monitoring: none

Statistical methods: Probit analysis

Test Conditions: The algae were grown in sterile enriched nutrient medium per USEPA 1978 guideline
and were allowed 14 days for acclimation o the conditions. The nutrient medium provided all mineral
nutrients essential for algal growth and also serve as the diluent for al algal operations. The pH of this
synthetic algal medium was adjusted 0 7.5 prior 0 use in assays. For preparation of the est solution,a
3330 mg/L stock solution was prepared by diluting 3.33 g oftest substance in 1 literof water. Aliquots
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were then added dirccily to dilution water in test vessels o create test solutions. The exposure vessels
used were 250 mL Erlenmeyers containing 100 mL test solution and capped with inverted glass beakers.‘The vessels wereloadedwith an initial concentration of 1.0 x 10°cells/mL and shaken continuously at100 rpm. Four hundred foot-candics of lighting were provided by continuous cool-white fluorescent
lighting. The water chemistry parameters measured during the test included: pH = 7.5-10.8 (control) and7.47.6 (3330 mg/L exposure) and temperature = 24.0-24.2 (incubator). Three replicatesofthe
‘experiment were performed. Measurementsof dilution water chemistry were also performed (sce:
Appendix for parameters and detection limits). The only chemical detected was iron at 0.03 mg/L.
Remarks: The pH range for the control was outside acceptable limits, but the other tested sample was
within the acceptable range. Water hardness, during the study,was not indicated.

RESULTS

Doseof each endpoint (as mg/L): Values calculated using cell count (cells/mL):
24h ECS0 = 2510 (1340-3330) mg/L
48HECS0> 3330 mg/L.
72h ECS0 = 2040 (1190-3330) mg/L.
96h ECS0= 1980 (1710-2360) mg/L.
961 NOEC =210 mg/L
96h LOEC~ 430 mg/L.

Values calculatedusingthe average specific growth rate:
24h ECS0 = 1700 (673-3300) mg/L.
48HECS0> 3330 mg/L.
72HEC50> 3330 mg/L
96h EC50> 3330 mg/L.
961 NOEC= 430 mg/L
96h LOEC = 830 mg/L

Remarks: Aliquotsof the 3330 mg/L test solution were diluted with algal medium and cultured for 72
hours. Based on growth observed in the recovery phase, the effect on algal growth was found to be.
algistaic

‘Was control response satisfactory (yes/no/unknown): yes

Statistical results, as appropriate: none

CONCLUSIONS

FC-1015 exhibits a96 hour ECSO cell count valueof 1980 (1710-2360 mg/L) and a 96 hour ECS0 growth
rate value of =3330 mg/L. The 96 hour No Observed Effect Concentration (NOEC) is 210 mg/L for cell
count and 430 mg/L for growth rate. The Lowest Observed Effect Concentration (LOEC) is 430 mg/L for
cell count and 830 mg/L for growth rate. This test substance was determined to be algistaic.

Submitters” remarks: For data reliability, this study was assigned a Klimisch ratingof2. The study
meets criteria for quality testing. However, it lacks information on the purityofthe test substance and
actual measurementsofthe amountoftest substance in solution. Also, no explanation is given as to why
the 48 hour values were in excessof 24 hour values.
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Reviewers’ remarks: none

REFERENCE

‘Ward, T., Nevius,J.andR. Boi. 1996. Growth and reproduction osicitytestwith FC-1015and thefreshwater alga, Selenasirum capricornutum. TR. Wilbury Laboratories, Inc. Lab Request number
P1624. 3M Company, St. Paul, MN.

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 recommendsthat measured test chemical concentrations be used,so that one can accurately determine the testchemical concentration to which to the test organisms are exposed. If is determined that the
‘nominal concentrations arc only, for example 50% of the measured concentrations, the toxicity
valuescanbe andmustbe adjusted downwardby 50%. IFanalytical measurementsofsome sort
ad 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.

Purityof the test material also i a major concern and was not sufficiently characterized inthis
test. Tn some tests it appeared that 100% test chemical was used, for othersachemicalof lesser
purity (approximately 85%) was used. Water, asolvent isopropanol)or a combinationofbothwas used in ther ests, for no obvious stated reason. In fact, 3M in their summaryofeach test
state: "Data may not accurately relate toxicity ofthe tessample with that of the test substance.”
agree with this concern. In addition,ifthis was a “typical” TSCA section 4 review, I would

reject these studics, pending receiptof additional information on purity and studies on analytical
measurementsofthe test chemical in the test medium.

APPENDIX

Parameter: Detection Limit

Metals
Aluminum 0.1 mg
Arsenic 001 mL

Boron 05mg
Cadmium 0.0002 mg/L.
Chromium 0.01 mg.
Cobalt 0.03 mg/L
Copper 0.005 mg/L.

iron 0.03 mg/L.
Lead 0.005 mg/L
Mercury 0.0003 mg/L
Nickel 0.03 mpl.
Silver 0.02 mg/l
Zine 002mg
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Nitrate 0.05 mg NIL
Chloride 1 mgll,
Fluoride 01mg.
“Total organic carbon 1 mg/L
“Total phosphorous 0.03 mg
Organochlorine Pesticides. 05 ug/l

Toxaphene 2pgll
Organophosphorous Pesticides 0.5 pg/L
Dimethoate 20ugL
TEP 20 pL
Monocrotophos 20 ull

PCBs 05 pg
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INVERTEBRATE TOXICITY

“Title: Acute toxicityof FC-1015 to Daphnid, Daphnia magna

TEST SUBSTANCE

Identity: Perfluorooctanoic acid, ammonium sal; mayalsobe referred to as PFOA ammonium salt,Ammonium perfluorooctanoate, PFO, FC-116, FC-126, FC-169, FC-143oras the major component ofFC-1015. (Octanoic acid, pentadecafiuoro- ammoniumsal, CAS #3525-26-1)
Remarks: The test sample is FC-101S. Itspurity was not sufficiently characterized, though current
information indicates it i a 30% straight carbonchainversionof FC-143 in 80% water. The 3M productfot number was “HOGE 205.

METHODS

Methodguideline 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 3300 mg/L. The concentrations were nominal. Two,replicates at each concentration were tested

Exposure period: 48 hours

Analytical monitoring: none

Statistical methods: Probit analysis

“Test Conditions: The deionized dilution water used in the est was adjusted to a hardness of 160-180
mg/L (as CaCO), which is within the acceptable range. The water was passed through a particulate filer,ulraviolet sterilizer, and activated carbon. Water used for the test hada hardness of 176 mg/L and analkalinity of 108 mg/L as CaCOy, and it contained <0.01 mg/L particulate matter and <1 mg/L. totalorganic 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 dircet weights addition. Glass beakers (300 mL) containing 250 mL tes solution (9.cmdepth) were uscd as exposure vessels. They were lightly covered during the experimen. Two replicates,
cachof10 daphnids, were ested at each concentration. Cool-swhite fluorescent lights at 130 foot-candies
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were used for lighting. A daily photoperiod of 16 hours light and § hours dark witha 15 minut transitionperiod was maintained throughout the testing period.
“The water chemistry parameters measured during the study included: conductivity range = 610-620mhos/em (control) and 710-720 yumhosiem (2000 mg/L exposure), pH = 8.2-8.3 (control) and 8.1-8.2(2000 mg/L exposure), temperature =20.4-20.7 °C (control) and 20.3-20.8 °C (2000 mg/L exposure) anddissolved oxygen = 8.1.9.1 mg/L (control) and 8.1.9.1 mg/L (2000 mL exposure). The 2000 mg/L.(second highest) concentration was used because the highest concentration resulted i total morality by48 hours.

Remarks: Water hardness, during the study, was not indicated
RESULTS

Doseofeach endpoint (as mg/L): 24 hour ECS0 = 1790 (1550-2070) mg/L.
48 hour EC50 = 1200 (730-2000) mg/L
48 hour NOEC = 730 mg/L

Remarks: none

‘Was control response satisfactory (yes/no/unknown): yes
Statistical results, as appropriate: none
ONCLUSIONS

The FC-1015 48 hour ECS0 was determined (0 be 1200 mg/L with a 95% confidence interval of 730-2070 mg/L. The 48 hour No Observed Effect Concentration (NOEC) was 730 mg/L.
‘Submitters’ remarks: For data reliability, the study was assigneda Klimisch rating of2. The studymeets the criteria for quality testing. However, the study lacks information on purity ofth test substance.‘and actual measurements of the amountof est substance in solution.
Reviewers’ remarks: none

REFERENCE
‘Ward, T, Nevius, J..and R. Bocri. 1996. Acute toxicityof FC-1015 to Daphnid, Daphniamagna. TR. Wilbury Laboratories, Inc. Lab request number P1624. 3M Company, St. Paul,MN.

OTHER

General remarks: The major concern for tryingtodeterminethe validity for this test is thatONLY NOMINAL TEST CHEMICAL CONCENTRATIONS were used. OPPT recommendsthat measured test chemical concentrationsbe used. so that one can accurately determine the testchemical concentration to which othe test organisms are exposed. IFitis determined that thenominal concentrations arc only, for example 50%ofthe mezsured concentrations, the toxicityvalues can be and must be adjusted downward by 50%. If analytical measurementsofsome sorthad 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 organism‘exposureconcentrations.

Purityof the test materialalso is a major concern and was not sufficiently characterized in thistest. In some tests it appeared that 100% test chemicalwas used, for othersa chemical oflesserpurity (approximately §5%) was used. Water,a solvent (isopropanol)oracombinationofbothwas used in other tests, fornoobvious stated reason. In fact,3M intheir summaryof each teststate: "Data may not accurately relate toxicilyofthe test sample with thatofhe test substance.agree with this concern. In addition,if thiswas a “typical” TSCA scion 4 review, | wouldrect these sudies, pending receiptofadditional informationonpurity and studies on analyticalmeasurementsofthe est chemicali the test medium,

APPENDIX

Parameter: Detection Limit:

Metals
Aluminum 01 mg.
Arsenic 001 mglL
Boron 0.5mg

Cadmium 0.0002 mg/L
Chromium 0.01 mglL
Cobalt 0.03 mg/l
Copper 0005 mg/L.
ron 0.03 mglL

Lead 0.005 mL
Mercury 0.0003 mg/l.
Nickel 0.03 mel
Silver 0.02 mg/l
Zine 0.02 mg

Nitrate 0.05 mg NIL
Chloride: 1 mg/L
Fluoride Ol mgL
“Total organic carbon I mg/L.
‘Total phosphorous 0.03 mgt.
‘Organochlorine Pesticides 05
‘Toxaphene 2pgll

‘OrganophosphorousPesticides 0.5pg/L.
Dimethoate 20mg
TEPP 204g
Monocrotophos 20pgl

PCBs 05g
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Ecotoxicity Study
ACUTE TOXICITY TO AQUATIC INVERTEBRATES (DAPHNIA MAGNA)TEST SUBSTANCE.
Identity: Perfluorooctanoic acid, ammonium salt; may also be referred toas 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 of number was 427. The test sample is
FC-143, referred 10 by the test laboratory as N2803-4. The T.R.
Wilbur study number is 895TH.The purity ofthe sample wasnot sufficiently characterized, although current information
indicates it is a mixture of 96.5 - 100% test substance and
03.5% C6, C7, and C9 perfluoro analogue compounds.
METHOD
Method: US. EPA-TSCA Guideline 797.1300
Test type: Acute satic:
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, NH.
Analytical monitoring: DO, conductivity, pH, and temperature.
Exposure period: 48-hours
“Test organism age: < 24-hours
Statistical methods: Interpreted by standard statistical techniques.
Computer methods (Stephan,1983)were used to calculate LCS0s and
ECS0s.
Test conditions
Dilution water: Deionized water adjusted to hardnessof 160-180
melas CaCO.
Dilution water chemistry:
Hardness: 164 mg/L as CaCO3
Alkalinity: 106 mg/LasCaCO3
TOC: < 10 mg/L.
Residual chlorine: <0.1 mg/L
Lighting: Cool-white fluorescent bulbs with an intensity of 110 fi-c.
Photoperiod of 16-hours light, § -hours dark with a 15 minute
transition period.
Stack and test solutions preparation: A 1,000 mg/L primary
Stock solution was prepared in dilution water. Afler mixing, the
primary stock was proportionally diluted with dilution water to
prepare he test concentrations. No insoluble material was noted
during the test.
Exposure vessels: 300 mL glass beakers containing 250 mL of
test solution. The approximate depthof est olution was 9 cn.
Number ofreplicates: 2
Number of daphnids per replicate: 10
Number of concentrations: five plusa negative control
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Water chemistry during th study:
Dissolved oxygen range (0 48 hours):
84-8 my (control exposure)
S187 mg/L (1.000 me/L exposure)
Conductivity range (0-45 hours)
540-560 pmiosem (conte exposure)
710.720 ymhos’cm (1000 mg/L exposure)
pH range (0-45 hours)
80-83 (control exposure)
£0-52.(1,000mg exposure)
Test temperature range (0 48 hours)19.1 20.5 (control exposure)
19.4 20.5°C 1,000 me/L exposure)
RESULTS
Element basis: mortality and immobilization
Nominal concentrations: Blank contol, 130, 220, 360, 600, 1.000 mg.Element value and 95% confidence interval:
24-hour ECS0 = 750 (600 1.000) mg/L
24-hour LCSO = >1,000 mg/L (C.L. not cleulabl)48-hour ECS0 720 (600 - 1000) mg/L
48-hour LCSO = 720 (600 - 1,000) me.
48-hour NOEC = 360 mg/L
Element values based on nominal concentrations.
‘Cumulative percent immabilizaton (includes mortal

Nominal Test | 24-hous |48-hours
Cone. mg/L

[Conwol To "To |
Te To

[2ee
pe To To |
feo To Tis |
bo Two Tio]

Note: A 1000 mg/L, al aphids were immobilizeda 24 hours and deada148 hours
Control response: saisictory
CONCLUSIONS
“The test substance 48-hour LCS0 for Daphnia magna was determined tobe 720 mg/L witha 95% confidence intervalof600 - 1.000 mglL. The testsubstance 48-hour ECSO for Daphnia magna was aiso determined t be720 my/L with a 95% confidence intervalof 600 1.000 mg/L. The 43-Hour no observed effet concentration (NOEC) was 360 mg/L.Submitters 3M Company, Environmental Laboratory, P.O. Box 33331, St.Paul, Minnesota, 55133
DATA QUALITY
Reliability: Klimisch ranking 2. Th study lacks analytical measurementoftest substance concentrations in the tet solutions and sample purity isnot sufficiently characterized.
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REFERENCES
“This study was conducted at T.R. Wilbury Laboratories, Inc., Marblehead,
MA, a the requestofthe 3M Company, Lab Request number N2803-4
OTHER

General remarks: The major concen for trying to determine the validity for this test is thatONLY NOMINAL TEST CHEMICAL CONCENTRATIONS were used. OPPT recommends
that measured tet chemical concentrations be used, so tha onc can accurately determine the testchemical concentration to which to the test organisms are exposed. Ifit is determined that thenominal concentrations are only, for example 50%ofthe measured concentrations, the toxicity
values canbeand mustbeadjusted downward by 50%. If analytical measurementsofsome sorthad 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.
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Ecotoxiciy Study

ACUTE TOXICITY TO AQUATIC INVERTEBRATES (DAPHNIA MAGNA)
TEST SUBSTANCE
Identity: Perfluorooctanoic acid,tetrabuty ammonium salt; may also be
referred 0 as PFOA tetrabutylammonium salt,
tetrabutylammonium perfluorooctanoate, or as a major
‘componentof L -13492. (Octanoie acid. pentadecafluoro-,
ctrabutylammonium sal, CAS # 95658-53-0)
Remarks: The 3M production lot number was 2327
The test sample is referred t0by the testing laboratory as L -13492, The
TR. Wilbury study number is 840-TH. The 3M Environmental Laboratory
Request Number is N2332. The purityof the sample was not sufficiently
characterized, although current information indicates it i a solution of
44.9% tetrabutylammonium perfluorooctanoate, 27.9% water, and 27.2%
isopropanol
Thefollowing summary applies to the test sample asa mixtureof the

testSubstance in water solution with incompletely characterized
concentrationsofimpurities. Data may not accurately relate toxicity
ofthe test sample with thatof thetest substance.
METHOD
Method: U.S. EPA-TSCA Guideline 797.1300
Test type: Acute siatic
GLP: Yes
Year Completed: 1995
Species: Daphnia magna.
Supplier: Obtained from cultures maintainedby T.R. Wilbury Laboratories
Inc, Marblehead, MA from an original culture from Aquatic Research
Organisms, Hamplon, NH.
Analytical monitoring: DO, conductivity, pH,and temperature were.
‘monitored daily.
Exposure period: 48-hours
Test organism age: < 24-hours
Statistical methods: LCS0 and ECS0 values calculated, when possible, by
probit analysis, moving average method or binomial probability with non-linear
interpolation using the computer software of C.E. Stephan.
Test conditions
Dilution water: Deionized water adjusted to  hardiess of 160-150
mg/L as CaCOIL.
Dilution water chemistry: Not given.
BACK TO MAIN.Lighting: Cool-white fluorescent bulbs with an intensity of 20 fic.
Photoperiod of 16-hours light, § -hours dark with a 15 minute
transition period.
Stack and test solutions preparation: A 100 mg/L primary stock
solution was preparedindilution water. Afi mixing, the primary
stock was proportionally diluted withdilution water 0 prepare the
test concentrations. No insoluble material was noted during the
est
Exposure vessels: 300 ml glass beakers containing 250 mL of
test solution. The approximate depthof est solution was 9 cn.
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‘he vessels were ose covered droge tes
Number of replicates»Numberofdaphaids per replicate: 10
Numberofconeentatons ve phos  egaive onl
Waler chemi, during the sty:Dissolved oxygen range 0-8 hours:55787 men (contol exposure)35-87 mp (100 maT exposure conc)
Conductivity range (0 - 48 hours)620-630 umhasm (contol expose)
620 640 mbovem (100 mexpos onc)oH range (0-48 hour)Fa Vo convol exposure)S356 100mp1 exposecone)Test temperature rang (0-48 hours)20320 (conv xpos)303 200° (100 met exposeconc)Element bait mri and motion
RESULTS
Nominal concentrations: Blank conol, 13,22, 36,60, 100 mL.
Element vai: 24-hour ECS0+ 89.60 100)mg
24-hour LCS0 = >100 mg/L (CI not calculable)
48-hour EC50= 34 (30 - 39) mg/L.
48-hour LC50 = 77 (60 - 100) mg/L.Show NOKC- me
Element values based on nina conceniaions.Remarks: Teuing wa conducted on mitre as described in the TestSubstance Remarks eld. Th ales rpored apl ot mire andot he Rurachemica component lon.
Cumulative percent immobilization (cludes mrtaliy:
FallalConcymgl
CE ———
hhss
fess]
fooTw |TT———

Control response: stisfcoryCONCLUSIONS
The cst substance #-hour LCS for Daphnia magna was deiemined to577 mel witha D6 comidence meral of6 100 me. The tsSubstance 48-how EC for Daphwia maa was determined tbe 34mE wilh a 30 conidenes menaof 0. 39 mg The et ubehou no observed lft concenation (NOEC) was 13 mel.Submiter: 31 Company, Envonménil Laboratory, PO. Box S331,1
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Paul, Minnesota, 55133
DATA QUALITY
Reliability: Klimisch ranking2. 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 request of the 3M Company, Lab Request number N2332,
1995.
OTHER

General remarks: The major concern for trying to determine the validity for this test is thatONLY NOMINAL TEST CHEMICAL CONCENTRATIONS were used. OPPT recommends.
that measured test chemical concentrationsbe used,sothat one can accurately determine the testchemical 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, the toxicity
values can be and mustbeadjusted 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.

Purityofthe test material also is amajor concern and was not sufficiently characterized in this test. In
some tests it appeared that 100% test chemical was used, for others a chemical of lesser purity
(approximately §5%) was used. Water.a 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 notaccurately relate toxicityof the test sample with thatof the test substance.” 1 agree with this concern. Inaddition, if this was a “typical” TSCA section 4 review, | would reject these studies, pending receipt of
additional information on purity and studies on analytical measurements of the test chemical in the test‘medium.
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Ecotoxicity Study
ACUTE TOXICITY TO AQUATIC INVERTEBRATES (DAPHNIA MAGNA)
TEST SUBSTANCE.
Identity: Perfluorooctanoic acid, etrabutylammonium sal; mayalsobe:referred t0 as PFOA terabutylammonium salt,
tetrabutylammonium perfluorooctanoate, N2803-2orasamajor
‘component of L-13492. (Octanoic acid, pentadecafluoro-,
ttrabutylammonium salt, CAS # 95658-53-0)
Remarks: The 3M production lot number was 2.
“The test sample is referredto by the testing laboratory as N2803-2. The
T.R. Wilbury study number is 889-TH. The purityofthe sample was not
sufficiently characterized, although current information indicates it is a
Solutionof44.9% tetrabutylammonium perfluorooctanoate, 27.9% water,
and 27.2% isopropanol
Thefollowing summary applies to the test sample as a mixtureofthe

testsubstance in an isopropanoliwater solution with incompletely
characterized concentrationsof impurities. Data may not accurately
relate toxicityofthe test sample with that ofthe est substance.
METHOD
Method: U.S. EPA-TSCA Guideline 797.1300
Test type: Acute sutic
GLP: Yes
Year Completed: 1996.
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, NH.
Analytical monitoring: DO, conductivity,pH, and temperature were.
‘monitored daily.
Exposure Period: 48-hours
Test organism age: < 24-hours
Statistical methods: LCS0 and ECS0 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 conditions
Dilltion water: Deionized water adjusted to a hardness of 160-150
melas CaCOIL
Dilution water chemistry:
Hardness: Not noted
Alkalinity: Not noted
pH: Not noted
Lighting: Cool-white fluorescent bulbs with an intensity of 110 fic.
Photoperiodof16-hours light, 8 -hours dark with a 15minute
transition period.
Stock and test solutions preparation: A 200 mg/L primary stock
Solution was preparedindilution water. After mixing, the primary
stock was proportionally diluted with dilution water 0 prepare the
test concentrations. No insoluble material was noted during the
test
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CONCLUSIONS
“The test substance 48-hour LCSO for Daphnia magna was determined to
be 93 mg/L with a 95% confidence intervalof 74 - >100 mg/L. The test
substance 48-hour ECSO for Daphnia magna was determined obe 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, 55133
DATA QUALITY
Reliability: Klimisch ranking 2. The study lacks analytical measurement
oftest substance concentrationsin the test solutions and sample purity is
not sufficiently characterized.
REFERENCES
“This study was conducted at T.R. Wilbury Laboratories, Inc., Marblehead,
MA, atthe request of the 3M Company, Lab Request Number N2803-2,
1996,
OTHER

‘General remarks: ‘The major concern for trying to determine the validity for this tet is thatONLY NOMINAL TEST CHEMICAL CONCENTRATIONS were used. OPPT recommends
that measured test chemical concentrations be wsed, so that one can accurately determine the testehemical concentration o which to the test organisms are exposed. [ft is determined that thenominal concentrationsareonly, for example 30%of the measured concentrations, the toxicity
values can be and must be adjusied downward by 50%. Ifanalytical measurementsofsome sortad been furnished,wecould calculate chemical recovery rates, and fake into account hydrolysis,volatility, and other physicochemical processes that might lower the actual tes organismexposure concentrations.

Purity of the test materia als is a major concern and was not sufficiently characterized in this test. Insome tests it appeared that 100% testchemicalwas used, for othersachemicaloflesser purity
(approximately 857%) was used. Water,a solvent (isopropanol) or a combination ofboth was used inother tests, for no obvious stated reason. In fact, 3M in their summaryof cach test state: “Data may noraccurately relate toxicityofthe test sample with thaof the test substance.” | agree with ths concern. In|addition, ifthiswas a “typical” TSCA section 4 review, would reject these studics, pending receipt ofadditional information on purity and studies on analytical measurementsof the test chemical in the testmedium,
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TOXICITY TO FisH
Title: Acute Toxicity to Fish

TEST SUBSTANCE

Identity: Perfluorooctanoie acid, ammonium salt; may also be referred to2s PFOA ammonium sal,Ammonium perfluorooctanaatc, PFO, FC-116, FC-126, FC-169, or FC-143. (Octanoi acid,pentadecafluoro-, ammonium salt, CASRN 3825-26-1)
Remarks: The 3M product lot number was 83. The test sample was FC-143. The purityofthe samplewas not sufficiently characterized, though current information indicates it i a mixtureof 96.5 100% testsubstance and 0- 3.5% Ce, Cs and Cs perluoro analog compounds.
METHODS

Methodguideline followed: Not sated

Test type: Static

GLP (VIN): No

ear study performed: 1974

Species: Fathead minnow (Pimephalespromelas)
‘Average weight= 16g
Average length= 2 inches

Supplier: No 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: theLCepwasdetermined graphically.

Test Conditions:
~One replicate was performed,
Dissolved oxygen range (24-96 hours) = 4.7 - 5.7 mg/L (control) and 4.0 - 4.9 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.
“Dillion waterwas carbon-filtered city water from St. Paul, MN,
Remarks: Further details on the est conditions and procedures were not provided.
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RESULTS

Doseofeach endpoint (as mg/L): 96 hour LCq= 70 mg/L (C.1 not calculated) based on nominal
concentrations,

Remarks: Observed mortality ofthe controls was 10% at both 72 and 96 hours. There was no other
‘mortality with the exceptionof 20% mortality in the SO mg/L group.

‘Was control response satisfactory (yes/no/unknown): unknown, see Remarks above

Statistical results, as appropriate: Percent survival versus concentration (mg/L)wasplotted to
obtain acalculated LCs value.

CONCLUSIONS.

“The study authors concluded that the acute LC to fathead minnow was equal to 70 mg/L (C.1. not
calculated) based on nominal concentrations.

‘Submitters Remarks: Reliability - Klimisch ranking 3. There was insufficient documentationofthe
‘methodology. The LCs was extrapolated from an insufficient number of data points. The general pre-test
health and ageoffish were not noted. Sample purity was not properly characterized and it lacks
analytical confirmationof test 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 number 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 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 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 canbe and mustbeadjusted 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 operating in the dark on this issue.
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TOXICITY TO FISH

Title: Acute Toxicity to Fish

TEST SUBSTANCE

Identity: Perfluorooctanoic acid: may also be referred to as PFOA, FC-26, or FX-1001. (Octanoic acid,
pentadecafluoro-, CASRN 335-67-1)

Remarks: 3M production lot number 269. The test sample was FC-26. The purityof the samplewas not
sulliciently characterized, though current information indicates it is a mixtureof96.5-100% test
substance and 0-3.5% Ci. Cr, and Cs perfluoro homologue compounds.

METHODS

Method/guideline followed: Not stated

Test type: Static:

GLP (Y/N): No

Year study performed: 1974

Species: Fathead minnow (Pimephalespromelas)
“Average length= 2 inches
Average weight = 1.5

Supplier: Notstated

Concentrations used: 0, 50, 125,250, 375, 500 mg/L nominal

Exposure period: 96 hours

Analytical monitoring: Nominal concentrations were not measured

Statistical methods: There were no statistical methods givenby the study authors; the LC was
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 375mg/L test exposure.
Water hardness was not given,
pH range (24-96 hours) was 7.0 10 7.2for the control exposureand 6.0 10 6.7 for the 375 mg/L exposure.
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Remarks: No further details were provided on the test conditionsormethods,

RESULTS

Daseofeach endpoint (as mg/L): 96-hour LCs = 440 mg/L (C.1. 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 (ves/no/unknown): Yes

Statistical results, as appropriate: Concentration (mg/L) versus percent survival wasgraphedtoobtain an LCe.

CONCLUSIONS

Submitter’s Remarks: Reliability- Klimisch ranking of3. This study lacks documentation and
information on the methodology. Sample purity was not properly characterized. Test concentrations werenot characterized. Conditionofthe fish prior to study initiation is not known.

Reviewer's Remarks: Testing should have been performed in two replicates. Water hardness during thestudy period was not given. The number of organisms per dose and the loading rate were not indicated.
REFERENCE

3M Company. [No title 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 (0 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 test chemical
concentrationsbeused, 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%
[Fanalytical 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. As it i we are operating in the dark on this issue.
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TOXICITY TO FISH

“Title: Acute Toxicityto Fish

TEST SUBSTANCE

Identity: Perfluorooctanoic acid, ammonium salt; maybe referred to as PFOA ammonium saltAmmonium perfluorooctanoate, PFO, FC-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 purityof the samplewas not sufficiently characterized, though current information indicates it is a mixtureof96.5-100% testsubstance and 0-3.5% Ci, Cs, and Cs perfluoro analogue compounds.
METHODS

Method/guideline followed: Not sated

Test type: Static

GLP (VIN): No.

ear study performed: 1975

Species: Blucgill sunfish (Lepomis machrochirus)
‘Average length = 4 cm
Average weight = 0.20 g

‘Supplier: Not stated

Concentrations used: 0, 135, 180, 240, 320, 420 mg/L nominal
Exposure period: 96 hours

Analytical monitoring: Concentrations were not measured.

Statistical methods: Not stated

Test Conditions:
“Dilution: carbon-fitered well water,
“Dilution water chemistry:
temperature=19 degrees Celsius
dissolved oxygen = 9.1 ppm
PH-79
“One replicate
“Exposure vessels were tanks containing 16 liters of test solution
20 fish per replicate
“Loading rate - 0.25 gL
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“Water cheistry during study (24-96 hours):
dissolved oxygen = 5.3-6.9 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)
fest temperature= 18-19 degrees Celsius

“Water hardness was not sated

Remarks: No furtherdetailswere providedon the test methods or conditions.
RESULTS

Doseofcach endpoint (as mg/L): 96-hour LCS0> 420 mg/L based on nominal concentrations.
Remarks: No mortalities occurred i the controls or 135-240 mg/L groups. Mortalites in the 320 and420 mg/L groups both consistedof one in twenty fish dead at 72 hours
‘Was control response satisfactory (yes/no/unknown): Yes

Statistical results as appropriate: Not stated

CONCLUSIONS

‘Submitters Remarks: Reliability ~ Klimisch ranking 3. Testing lacks information on the methodfollowed. No information on stock or tet solution preparations was provided. Average fish weight issuspect. Sample purity was not properly characterized and it lacks analytical confirmationoftestsubstance concentrations.

Reviewer's Remarks: Only one replicate was performed. Water hardness during the study period wasnot indicated.

REFERENCE
3M Company. [No tile given]. Lab Request number 3844. St. Paul, MN.
OTHER

Remarks: This summary was based on a summary report submittedby 3M, therefore, the contents ofthis summary, in reference (0 the protocols and results ofthe study, are limited.
“The major concern for trying to determine the validity for this test is that ONLY NOMINAL TESTCHEMICAL CONCENTRATIONS were used. OPPT recommends that measured test chemicalconcentrationsbe used, 50 that one can accurately determine the test chemical concentrationtowhich tothe test organisms arc exposed. [Fit i determined tha thenominalconcentrations are only, for example50% ofthe 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 ake into account hydrolysis, volatility, and other physicochemicalprocesses that mightlower theactual test organism exposure concenrations.
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TOXICITY TO FISH

Titles Acute Toxicityto 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 3825-261)

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 0.- 3.5% Ce, Cr, and Cy perfluoro analogue compounds.

METHODS

Method guideline followed: Not stated

Test type: Static

GLP (VIN): No

Vear study performed: 1978

Species: Blucgill sunfish (Lepomis machrochirus)
Average lengih~ 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 stated

Test Conditions:
Dillion water source: carbon-filtered well water
Dilution water chemistry: temperature 19 degrees C, dissolved oxygen = 9.9 ppm, pH = 7.6.
“One replicate, 20 ish per replicate.
Test performed in tanks containing 16 liters test solution
“Loading rate = 1.5 g/L
“Water chemistry during test (24 ~ 96 hours):
Dissolved oxygen range = 5.6 10.6.5 mg/L (control) and 4.9 0 5.9 mg/L (750 mg/L exposure)
PH range = 7.8 (control) and 7.6 to 7.8 (750 mg/L exposure)
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Temperature 19.0 20 degrees C
“Water hardness not given

Remarks: No furtherdetailswere provided on the esting methods or conditions.
RESULTS

Doseofeach endpoint (as mg/L): 96-hour LCS0 = 569 mg/L, based on nominal concentrations
Remarks: The 95% confidence interval was 500 636 mg/L. 100% mortality occurred by 48 hours inthe 1000 and 1350 mg/L concentration groups.

Was control response satisfactory (yes/no/unknown): One outoftwenty fish died at 48 hours in thecontrol group.

Statistical results, as appropriate: Not sated

CONCLUSIONS

Submitter’s Remarks: Reliability~ Klimish ranking 3. Testinglacks information on the method
followed. No information on stock or test solution preparations was provided. Sample purity was notproperly characterized and the study lacks analytical confirmationoftest substance concentrations.
Reviewer's Remarks: Only one replicate was performed and water hardness during the test period wasnot given.

REFERENCE

3M Company. [No tte given). Lab Request number 3844. St. Paul, MN.
OTHER

Remarks: This summary was based ona summary report submitted by 3M, therefore, the contents ofthis summary, in reference to the protocols and resultsof the study, are limited.
“The major concen for ying to determine the validity for this test is that ONLY NOMINAL TEST
CHEMICAL CONCENTRATIONS were used. OPPT recommends that measured test chemical
concentrations beused, so that ane can accurately determine the test chemical concentration to which tothe test organisms are exposed. [Fit i determined tha the nominal concentrations ar only, for example
50%ofthe measured concentrations, th toxicity values can be and must be adjusted downward by 50%[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 theactual test organism exposure concentrations.
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TOXICITY TO FISH

Title: ChronicToxicity toFish

TEST SUBSTANCE

Identity: Perfluorooctanoic acid, ammonium salt; may also be referred o 15 75.03, PFOA ammonium
salt, ammonium perfluorooctanoate, PFO, FC-116, FC-126, FC-169, or FC-143. (Octanoie acid,
pentadecafluoro-, ammonium salt, CAS # 3825-26-1)

Remarks: The 3M production lot number was 83. The test sample was FC-143. The testing laboratory
refers to it as “78.03.” The purityofthe sample was not sufficiently characterized, though current
information indicate it being a mixtureof 96.5% - 100% tes substance and 0 -3.5% Cp Cs, and Cypefluoro analogue compounds.

METHODS

Method guideline followed: The methodology for the egg and fry exposure closely followed that
presentedin “Proposed recommended bioassay procedure for egg andfry sagesof freshwater fish,” U.S.EPA, 1972.

Test type: Flow-through

GLP (VIN): No

ear study performed: 1978

Species: Fathead minnow (Pimephales promelas)
Pre-treatment: Eges were placed ina 60 mg/L malachite green solution for 15 seconds to
eliminate possible fungus growth.

Test fish age: gas within 48-hours afer fertilization

Supplier: U.S. Environmental Protection Agency's Environmental Research Laboratory in Duluth, MN,
Concentrations tested: Blank control, 62, 12.5, 25, 50, 100 mg/L
Exposure period: 30 days post hatch

Analytical monitoring: Temperature, dissolved oxygen concentration, and pH were monitored daily
Weekly samples were ten from cach aquarium for determination of ammonium perfluorooctanoatc
concentration. All samples taken during the test were stored in polyethylene bottles and shipped on May
31,1978 10 the 3M Company.

Statistical methods: Means of measured biological parameters from duplicate aquaria were subjected to
analysisofvariance (Steele and Torrie, 1960, completely randomized block design, P-0.05). Data forpercentage survival and percentage hatch were transformedtoarcsin square rootofpercentage prior to
analysis.
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Test conditions:
“Dilution wate source and contaminanis: Well water pumped to a concrete reservoir where it was aratedbefore owingto the exposure system through aged PVC pipe“Dilution water chemistry (0-30 days):

total hardness 31.38 mg/L.asCaCO;
alkalinity ~ 26 -32 mg/L as CaCO,
PH-70-74Specific conductance= 149 - 170 | mhosm

Stock and est solution preparation: A modified, proportional iluer with a 0.50 dilution actor wasused. The dilute delivered five nominal concentrations ammonium perflurooctancate Angin from 10010.6.2 my/L and control wate to duplicate test aguaris. A 4 liter lass Marit bot toxicant deliverysystem was used 10 deliver 6.6 mL ofa nominal ammonium perfluorooctancate Hock concentration of20.4 mg/m in distilled water o the mixing chamber ofthe diluer:
Fry exposure vesel ype: Glass test aquarium measuring 30.5530.5530.5 cm with a 17.5 om highstandpipe drain, water volumeof 16 tes.
Egg cups: Acrylic tubes (3 om 0.3. 7 em ong) with 40 mesh Nix screen on one end. An egg cupvocker arm apparatus, as describedby Mount (1968), was used 10 gentlyoscilla he egg cups in the est water
“Diluer: Delivered 0.50 ler ofes wate to cach aquarium 195 tims per dy, yielding a 90% estwater replacement imeofapproximately, 10 hos.
Feeding: Fry werefe live bine shrimp naupli thre times daily on weekdays and wice daily on‘weekends throughout the exposure period.
“Numberof replicates: Two replicates. There were 80 eggsfor the atchabilt test and 40fy fromeach eggcup
“Water chemistry during est

Dissolved oxygen: >95% saturation
PH:70-73
Temperature: 25 1 degrees Celsius, maintained by wate bah

Remarks: At the temnination of the tet the fry from the control and the high concentation (100 mg/L)‘were preserved in 10% buffered formalin while the fy from the other test quaria were frozen. Tonformalin-prescrved fy (5 from each replicate) from th control nd th high concentration uncerentHistopathological examination of transverse sectionofhe nares and cephalic extension of he tera]tine. The remaining preserved fy and frozen ry were analyzeda a later dat (by 3M Compan) forammonium pefluorooctanoate concentrations.
RESULTS

Dose of cach endpuin (1s mg/L): 30-day NOAEL > 100 mg/L

Nominal I 30 ays Post FatehConcentration Replicate| Watch | Survival %| Mean length| Mean weight
(mg/L) in mm nme

SD
Control x a 920) @5 9s 95 216; 7s

ATs Tes we se |
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REFERENCE
“The effects ofcontinuous exposure (0 78.03 on hactchabiltyofcggs and growth and survival of fy offathead minow (Pimephales promelas). 1978. Report #BW-78.6-175. Rescarch report submitted to 3V1Company, St. Paul, MN by EG&G Bionomics Aquatic Toxicology Laboratory, Wareham, MA.
OTHER

‘General remarks: The major concerfor trying to determine the validity for this testis that ONLYNOMINAL TEST CHEMICAL CONCENTRATIONS were used. OPPT recommends that measured testchemical concentationsbe used,50 that onecan accurately determine the test hermical concentration towhich to the test organisms arc exposed. [fit s determined that the nominal concentrations re only, forexample S0%of the measured concentrations, th toxicity values canbeand must be adjusted downwardby 50%. IFanalytical measurementsof some sort had been furnished, we could aleulte chemicalrecovery rates, and take into account hydrolysis, volatility, and other physicochemical processes thatmight lower the actual test organism exposure concentrations. As it is we arc operating in the dark on this
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FISH ECOTOXICITY

“Title: 96-hour acute static 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 number wasnotnoted. ThetestsamplewasFX-1001. Tis purity wasnot completely characterized, although information indicated itwas a mixtureof95.98 percent testsubstance and 1-5 percent perfluorochemical inerts

METHODS

Method/guideline followed: Not noted

Test type: Static

GLP (VN): No

Year study performed: 1985

Species: Pimephales promelas,
average length = 4.1 cm;
average weight = 0.50 g;
age not noted

‘Supplier: Dale Fattig of 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
limitsofthe chemical or impuritis in the sample.

Statistical methods: Probit analysis
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‘Test Conditions:
- Fish were pretreated with 25.0 mg/L tetracycline HCI, S months prior o 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)
6.16.7 mg/L (870 me/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 highest test concentrationby 48 hous.

‘Test temperature (24-96 hours):
1920C

- Stock solution was prepared by dissolving 45 g test substance (neutralized with NaOH to pH7.5) in 3 liters water. Test solutions were prepared by transferring stock solution aliquots to make5liters at the selected test concentrations.
- Loading rate: 0.50 g fish'L.
- Stability of the test chemical solutionswasnot noted

- Exposure vessels were glass beakers witha 24 cm inside diameter and a 26 em depth, andcontained $ liters test solution.
“Two replicates were taken at cachdose,with 5 fish per replicate

Remarks: Water hardness was not presented. The pH values are acceptable according to the OPPTSharmonized guidelines.

RESULTS

Dose of each endpoint (as mg/L): 96-hour LCS0: 843 me/L (CL: 11-878), based on nominal
concentrations.

Remarks:
- 930 mg/L was the lowest est substance concentration causing 100% mortality (seen at 45.hours)

- Therewas 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 to be 843 mg/L with a 95% C.I. of811-878 mg/L.

‘Submitter remarks: The data quality rankingwas a Klimisch rankingof2 because testing met criteria
for quality testing. However, sample purity was not properly characterized and it lacked analyticalconfirmationoftest substance concentrations.

Reviewer remarks: none

REFERENCE

3M Company. 1985. 96-hour acute static toxicity to fathead minnow— FX-1001. EnvironmentalLaboratory, 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 contentsofths summery, in reference to the.protocols andresultsof the study, are limited.
The major concern for trying to determin the validity for this test is that ONLY NOMINALTEST CHEMICAL CONCENTRATIONS were used. OPPT recommends that measured testchemical concentrations be uscd, so that one can accurately determine the test chemical
concentration to which to the test organismsarc exposed. Ifitis determined that the nominal
concentrations are only, for example 50%ofthe measured concentrations, the toxicity values canbe 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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FISH ECOTOXICITY

Title: Acute Toxicity to Fish

TEST SUBSTANCE

Identity: Perfluorooctanoic acid, ammonium sal; also referred to as PFOA ammoniumsalt, ammoniumperfluoroocianote, FC-116, FC-126, FC-169,or FC-143. (Octanoi acid, pentadccafluoro-, ammoniumsalt, CAS 3825-2611)

Remarks: The 3M product lot number used was 390. The test sample was FC-126, awhite powderysolid. I's purity was not completely characterized, although information indicated it wasa mixture of 78-93% test substance and 7-22% C6, C7, and C9 perfluoro analogue compounds.
METHODS

Methodguideline followed: Not stated

Test type: Static

GLP (Y/N): No,

Year study performed: 1987

Species: Pimephales promelas
Average length = 3.5 cm
Average weight + 0.30 ¢

‘Supplier: Dale Fattig of Brady, NB

Concentrations tested: 0, 100, 150, 320, 560, and 1000 mg/L
Exposure period: 96 hours

Analytical monitoring: None because nominal concentrations were used.
Statistical methods: Probit analysis

Test conditions:

“Dilution water sourcecarbon-ileredwell water
“Dilution water chemistry:

Tempof21C
DOof9.3 ppm
PHOS

“Test solutions were prepared by direct weights addition
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“Stabilityofthe test chemical solutions was not noted
Exposure vessels were 4 Liter Pyrex glass beakers containing 3 liters test solution“Two replicates were used
Si fish per replicate were used

“Loading rate was 0.6 gL
“Water chemistry during test:

DO range (24-96 hours):
667.4 mg/L (control)
5.666 mL (320 mg/L?)

PH range (24-96 hours):
7.279 (control)
77:80 G20 mg/L*)

“Temp (24-96 hours): 20C
*This group was used because toal mortality occurred at higher doses

Remarks: No other details on test conditions were given, including water hardness. The pH values arewithin acceptable ranges according to OPPTS Harmonized guidelines.

RESULTS
Dose of each endpoint (as mg/L): The 96-hour LCS0 for fathead minnow was determined to be 301mg/L (95% CI: 244-370).

Remarks:
- Surfacingoffish was observed at 180 and 320 mg/L (both replicates)
- Lowest est substance concentration causing 100% mortality was S60 mg/L
- No mortality was observed in the controls

‘Was control response satisfactory (yes/no/unknown): Yes, based on the fact that there was nomortality

Statistical results, as appropriate: Not presented
CONCLUSIONS

Rounding the results 10.2 significant figures, the test sample 96-hour LCS0 for fthead minnowwas determined to be 300 mg/L with a 95% confidence intervalof 240-370 mg/L.
Submitters” remarks: Data quality wasgiven a Klimisch rankingof2. Testing met the criteria forquality testing. However, the sample purity was not properly characterized and it lacked analyticalconfirmationofthe test substance concentrations.

Reviewers’ remarks: none

REFERENCE

3M Company. 1987. St. Paul, MN. Lab Request Number E128201, completed on May |
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OTHER

General remarks: This summary was based on a summary report and only limited data tables.No detailed report was available. “Therefore, the contentsof tis summary, in reference to the.protocolsand resultsofthe study, are limited.
The major concern for trying to determine the validity for this test is that ONLY NOMINALTEST CHEMICAL CONCENTRATIONS were used. OPPT recommends that measured test‘chemical concentrations be used,so that one can accurately determine thetest chemical‘concentration towhichto the test organisms are exposed. IFit is determined that the nominalconcentrations are only, for example 50%ofthe measured concentrations, the toxicity values can‘be and must be adjusted downward by 50% .Ifanalytical measurementsofsome sort had beenfurnished, we could calculate chemical recovery rates, andtake into account hydrolysis, volatility,and other physicochemical processes that might lower the actual test organism exposure.
concentrations,
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TOXICITY TO FisH

Titles Static Acute ToicityofFX-1003 to the Fathead Minow, Pimephales promelas
TEST SUBSTANCE

Identity: Perfluorooctanoic acid, ammonium salt; may alsobereferred to as PFOA ammonium sal,ammonium perfluorooctanoate, PFO, FC-116, FC-126, FC-169, FC-143,or1 a major componentof FX.1003. (Octanoic acid, pentadecafluoro-, ammoniumsalt, CASRN 3825-26-1)
Remarks: The 3M production lot number was 2327. The test sample was FX-1003. The purity ofFX-1003 was not sufficiently characterized; however, available information indicated itwas aSolution of <45% ammonium perfluoroacianoate, S0% water, <3% inert perfluorinated compoundand 1 -2% Cs and C; perfluoro- analogue compounds.
METHODS

Methodguideline followed: OECD 203

Test type: Static

GLP (VIN): Yes

ear study performed: 1990

Species: Prior to testing, juvenile fathead minnows were acclimated for 63 days in 100% dilution waterunder flow-through conditions in an all glass aquarium. Fish were acclimated to the target est
temperature (23 + 2°C) for 14 days before test initiation. During acclimation, fishwere not treated fordisease and were free ofapparent sickness, injuries, and abnormalities at test initiation, Fish were fed a‘commercial fish food, once or twice daily, forthe acclimation period. The average length and weightvaluesofthe fish were 3.8 cm and 0.45 grams (wet), respectively.

Supplier: The fish uscd in the toxicity test were purchased froma commercial supplier (Aquatic
Research Organisms, Hampton, NH). The sponsor, 3M, provided the test substance.
‘Concentrations tested: A scroening toxicity test was performed with the following five nominal
concentaations: 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, and1000 me/L. Bothtestswere performed under static conditions.

Exposure period: 96 hours

Analytical monitoring: Dissolved oxygen, pH, conductivity, and temperature were measured and
recorded daily in cach test chamber that contained lve fish. Concentrations of the test substance were notmeasured during the test.
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‘Statistical methods: Non-linear interpolation, moving average, and/or probit analysis; however, resultsof the toxicity test could notbeinterpreted by standard statisticaltechniquesduc to 100% survival at thehighest tested concentration.

Test conditions:

“The screening test was performed using nominal concentrations (0.1, 1.0, 10, 100, and 1000 mg/L)of thetest substance under similar conditionsas those of the definitive test
Water used for acclimation of the test organisms, and for all toxicity testing, was well water collectedfrom wells at EnviroSystems in Hampton, NH. Water was adjusted to a hardnessof $8 mg/L as CaCO,and sored in tanks, where it was aerated. A chemical characterizationofarepresentative sampleof thenatural well water used as the dilution water for the toxicity test was performed: the following valueswere determined: pH= 7.4, conductivity = 1500 umhos/cm. Organochlorine pesticides,‘organophosphorous pesticides, and PCBS were below the levelofdetection,ornot present, The testvessels were 19.6 L glass aquaria that contained 15 Lof test solution (approximatewater depth was 17cm). Stabilityofthe test substance was not indicated. No stock solution was prepared as test material wasadded directlytodilution water contained inthe test vessels without the use ofa solvent. The following.nominal concentrations were used in the definitive test 0, 150, 250, 400, 600, and 1000 mg/L. Twentyfish were randomly and equally distributed among two replicatesof cach treatment. The loading rate was.determined to be approximately 0.30 g/L. Test vessels were randomly arranged in a water bath during the.96-hour test. Staticconditions were maintained throughout the study. A 16-hour light and §-hour darkphotoperiod was automatically maintained with cool-white fluorescent lights that provideda lightintensityof 35 Es", Acration was employedafer 48 hours to maintain dissolved oxygenconcentrations above acceptable levels. Fish were not fed during the test. The following water chemistryranges (0 — 96 hours) were determined: conductivity = 1200 - 1500 pmhos/cm (control exposure), =1300- 1600 ymhos/em (1000 mg/L exposure); pH range= 7.4—8.4 (control exposure), = 7.8 8.2 (1000mg/L exposure); temperature range = 21.0 - 22°C (control and 1000 mg/L exposure); dissolved Os 6.19.2 mg/L. (control exposure), = 6.2 - 9.1 (1000 mg/L exposure). The pH and hardness were within theaceepied 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 est:
96-hour LCS0> 1000mg/L, 96-hour NOEC > 1000 mg/L

Remarks: Al est vessels remained clear throughout the test. 100%survivaloceurred in the control‘exposure and all other test exposures in the screening test and in the definitive test
Was control response satisfactory (yes/no/unknown): Yes
Statistical results, as appropriate: Resultsofthe toxicity test could not be interpreted by standardstatistical methods duc to 100% survival at the highest tested concentration.

363

000262



CONCLUSIONS
“The 96-hour LC50 and 96-hour NOEC were determined tobe >1000mg/L.
Submitters’ remarks: Klimisch ranking2. Testingmeet the criteria fo quality testing. However,sample purity was not properly characterized and th test lacked analytical confirmation of est substanceconcentrations.

Reviewers’ remarks: The conclusions appear o be supportedbythe data
REFERENCE

EnviroSystems, nc. 1990, Static Acute ToxicityofFX-1003 to the Fathead Minnow,Pimephalespromelas Hampton, NH. Study numberwas 9014.3,
omer

General remarks:
“The major concer for ying t0 determine the validity for this test s that ONLY NOMINAL TESTCHEMICAL CONCENTRATIONS were used. OPPT recommends that measured tes chemicalconcentrations be used, so that one can accurately determine the test chemical concentation 0 which tothe test organisms are exposed. [fit is detemmined ha the nominal concentrations are only, for example50% ofthe messurcd concentrations, he toxicity valuescanbe and mustbe adjusted downward by 0%IFanalytical measurements ofsome sort had been fumished, we could calculate chemical recovery ras,and ake into account hydrolysis, volatility, and othr physicochemical processes that ight lowe theactual test organism exposure concentrations.
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TOXICITY TO FisH
Title Acute toxicity of N2803-3 10 the Fathead Minnow, Pimephales promelas
TEST SUBSTANCE

density: Perfluorooctanoic acid; mayalsobe referred to as PFOA, FC-26,or FX-1001. (Octanoic 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 referedtoby the laboratoryas N2803-3. The purity ofthe sample was notsufficiently characterized: however, available information indicated it was a mixtureof 96.5 - 100% testsubstance snd0 3.5% Ci, Cr, and Cs perfluoro- homologue compounds. The est substance (“s-received") was combined with isopropanol i a 50:50 ratio prioo use. Th substance resuling from thismixture was refered fo as the “asested” substance.

METHODS
Methodguideline followed: U.S. EPA-TSCA Guideline797.1400
Test type: Static

GLP (VIN): Yes

Year study performed: 1996

Species: Juvenile fathead minnows were acclimated under flow-through conditionsin a 270L fiberglasstank. During acclimation, the fish were not rcate for disease. The fish were freeof apparent sickness,injuries, and abnormalities at test initiation. Mortality during th final 48 hoursofacclimation was <3%During the 14-day period before test initiation, the acclimation temperature range was 210°C - 22.3°Cand the dissolved oxygen concentration was at feast 8.0 mg/L. During acclimation, fish were fed daly,except during the 48 hours immediately preceding the est. The average total length and wet weight ofthetest organisms were 3.4 mm and 0.35 grams, respectively.
Supplier: Juvenile fathead minnows were procured from Aquat Biosystems, Fort Collins, CO. Thesponsor, 3M, supplied the tet substance.
‘Concentrations tested: For the static screening fest, the following nominal concentrations, as-received,were used: 0.0.05, 050, 5.0, 50,and 500 mg/L. For he static definitive test, the following nominalconcentrations, a-tested. were used: 0, 130,220, 360, 600, and 1000 mL. For the static test withisopropanol, nominal concentrations of0 (dilution watercontrol) and S00 mg/L isopropanol were sed.
Exposure period: 96 hours

Analytical monitoring: Dissolved oxygen, pH, temperature, and conductivity were measured andrecorded daily in cach fst chamber. The emperaure in one test vessel was recorded at least hourlyduring the test. Concentrationsof the test substance were not measured during the study.
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Statistical methods: LCig values were calculated by non-linear interpolation (Stephan, 1983), whenpossible, using probit analysis, moving average method, or binomial probability.
“Test conditions:

For the satic screening test, nominal concentrationsof the test substance, as-received, were 0 (dilutionwater control). 0.05, 0.50, 5.0, 50, and 500 mg/L. The screening test was performed under similarconditions as those of the definitive test.

Water used for acclimationof the test organisms, and for all toxicity testing, was deionized watercollected at T.R. Wilbury Laboratories in Marbichead, MA. Water was adjusted 10 a hardnessof40 — 45mg/L as CaCO, and stored in polycthylene tanks. In the tanks, the water was aerated and continuouslypassed through a particle filer, ultraviolet sterilizer, and activated carbon, In a chemical characterizationofa representative sampleofdilution water, iron was detected at 0.03 mg/L. Other metals and potentialcontaminants were cither below the levelofdetection, or not present, The test substance, as-received, wascombined with isopropanol in a 50:50 ratio prior to use. This 50:50 mixture was then considered to be.100% test substance during the toxicity tes. The test substance was assumed to have apurity of 100%active ingredient and to be sable under storage and testing conditions, The test vessels were 20 L glassaquaria. which contained 15 Loftest solution (approximate water depth was 18 cm), Twenty fathead‘minnows were indiscriminately and equally distributed among two replicates of each ireatmentAppropriate amountsof est substance wereaddeddirectly to dilution water in the test vessels toformulate the media. The test concentations,as-tested, for the definitive test were: 0, 130, 220, 360, 600,and 1000 mg/L. The test vessels were loosely covered and randomly arranged in a water bath during the96-hour test. A 16-hourlight and 8-hour dark photoperiod, with a 15-minute transition period. was‘automatically maintained with cool-white fluorescent lights that provided a light intensityof 31footcandlcs. Aeration was inidated after 72 hours to maintain dissolved oxygen concentrations sboveacceptable levels. Measured water chemistry during the test provided the following ranges (0. 96 hours)Dissolved 0; = 6.4 - 8.7 me/L (control exposure), = 5.2- 9.0 mg/L (220 mg/L exposure); Conductivity110-370 yumhos/em (control and 220 mg/L exposure); pH = 7.1 7.6(control exposure), = 3.0— 7.4 (220mg/L exposure); Temperature = 21.8 ~ 22.6°C (control and 220 mL. exposure). The pH valuesof thefest solutions for the 360, 600, and 1000 mg/L exposure concentrations were in the range of 3.04.3 attest initiation. These low pH values were outside the acceptable range for aquatic toxicity studies (6.0<pH<8.5). Hardness was within the acceptable range for toxicity studies (40 150 mg/L, as CaCO).
For the static toxicity test performed with isopropan,asimilar protocol was followed as tha for thescreening and definitive toxicity tests with N2803-3. 0 (dilutionwater control) and S00 mL. isapropanl(nominal concentration) were uscd. Test vessels were randomly arranged in a water bath and the lightintensity was 28 footcanles.

Remarks: No additional comments

RESULTS
Doseofeach endpoint (as mg/L) in the definitive fest:

Test substance concentration, as-tested, and associated 95% confidence limits:
24-hour LCs = 280 (220- 360) mg/L
48-hour LCs= 280 (220 - 360) mg/L.
72-hour LCs = 280(220-360)mg/L
96-hour Ceo= 260 (220- 360) m/l
96-hour NOEC= 220 mg/L.
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Test substance concentration, as-received,and associated 95% confidence limits:24-hour LCs =140 (110 - 180)mg/L
48-hour LCsp=140 (110 -180) mg/L
72-hour LCs= 140 (110-180)mg/L
96-hourLC = 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 thecontrol, 90% survival at 0.05 mg/L, 100%survivalat0.50, 5.0, and 50 mg/L, and 0% survival at S00mg/L. For the definitivetest, no insoluble material was observed in anyof the test vessels during thestudy. 100% survival occurredin the control exposure and these fathead minnows did not exhibit anysublethal effects. Fishin the 130 and 220 mg/L exposure concentrations appeared normal, Total mortalitywas observed within 24 hours in the 360, 600, and 1000mg/L exposure concentrations; therefore, thelowest concentration, which caused 100% mortality, was 360 mg/L. During the toxicity test with 500mg/L isopropanol, no mortalityorsublethal effects were observed; the 96-hour LCs value was >500mg/L.

‘Was control response satisfactory (yes/no/unknown): Yes

Statistical results, as appropriate: No additional comments
CONCLUSIONS
The as-tested 96-hour LCs was determined to be 280 mg/L, with a 95% confidence intervalof220 - 360mg/L. The as-tested96-hourno-oberved-effect-concentration (NOEC) was 220 mg/L. The 96-hour Ca,based on the test substance asreceived,was determined to be 140 mg/L, with a 95% confidence intervalOf 110. 130 mg/L. The 96-hour NOEC for the test substance, as-received, was 110 mg/L.
‘Submitters’ remarks: Klimisch ranking3. The study lacked analytical measurementoftest substance.concentrations in the test solutions and sample puritywas not sufficiently characterized. Additionally,there appearedtobea discrepancy between the sample preparation directions given to the laboratory andthe procedure conducted by the laboratory to prepare the test solutions. The absenceofpartial mortality atintermediate doses resulted in asharp dose-response curve. As aresult, the LC.q values determined in thisstudy may not accurately reflect the true toxicityof the solution. The low pH values observed in the highconcentrations tested may have had an adverse effect on survival.

Reviewers” remarks: The conclusions appear tobe supported by the data,
REFERENCE
TR. Wilbury Laboratories, Inc. 1996. Acute toxicityof N2803-3 (0 the Fathead Minnow, Pimephalespromelas. Marblehead, MA. Study number 891-TH.

OTHER

General remarks: The major concen for trying to determine the validity for this testis 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 to the test organisms are exposed. Ifit is determined that the‘nominal concentrationsareonly, for example$0%of the measured concentrations, the toxicityvalues can be and must be adjusted downward by S0%. Ifanalytical measurementsofsome sorthad 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.

Purityofthe test material aso is amajor concer and was not sufficiently characterized in thistest. In some tests it appeared that 100% test chemical was used, for others2 chemical oflesserpurity (approximately 85%) was uscd. Water,a solvent (isopropanol)or combinationofbothwas used in other test, for no obvious sated reason. In fact, 3M in their summaryof each teststate: "Data may not accurately relate toxicityof the test sample with thatof the testsubstance.”agree with this concen. In addition, ifthis was a “typical” TSCA section 4 review, | wouldreject these studies, pending receiptofadditional information on purity and studies on analyticalmeasurementsofthe test chemical inthe test medium.
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FISH ECOTOXICITY
Title: Acute toxicity of FC-1015 to the fathead minnow,Pimephalespromelas
TEST SUBSTANCE

Identity: Perfluorooctanoic scid, ammonium salt; may aso be referred to as PFOA ammonium salt,Ammonium perfluorooctanle, PFO, FC-116, FC-126, FC-169, FC-143 oras the major component ofFC-1015. (Octane acid, pentadecafluoro- ammonium sal, CAS #3825-26.1)
Remarks: The test sample is FC-1015. Tis purity was not sufciently characerized, though currentinformation indicates i i a 30% straight carbonchainversion of FC-143 in 80% water. The 3M productTot number was “HOGE 205.” Data may not accurately relate toxicityof the test sample wih that of thefest substance. Data were uscd to compare toxicity of thebranched!straight hain ammoniumperfluoroocianoate homolog mixture in FC-143 vs. what i supposed 0 be the 100% steaigh carbon chainammonium perfluorooctanoate in FC-1015

METHODS
Method/guideline followed: USEPA-TSCA 1993. 797.1400
Test type: sac

GLP (VN): N

Year study performed: 1996

Species: Pimephales promelas The fish were juveniles with an average lengthof 35 mm and averageweight of 0.36g (we).
Supplier: Aquatic Biosystems

‘Concentrations used: 0, 530, $30, 1330, 2100. and 3300 mg/L. The concentrations were nominal. Tworeplicates at cach concentration were performed.
Exposure period: 96 hours

Analytical monitoring: none

Statistical methods: LCS0 values were calculated using the Stephan computer program, 1983
Test Conditions: The dilution water used was deionized water adjusted for hardness and passed througha particulate fle, lraviolet sterilizer, and activated carbon. The dilution water chemise was measuredas follows: hardness = 44 mg/L as CaCOs, alkalinity = 29-30 mg/L as CaCOy, and TOC < | mg/L. Forlighting, cool-white fluorescent ights at 30 foot-candics were used. Adaily photoperiodof16 hours ightand § hours dark with a 1S minute transition period was maintained throughout the (esting period. Thefest solutions were created by direct individual weight additions. After. 14 day acclimation period, thefish were exposed, at a loadingof024g fh. in 20 L glass aquaria containing 15 tes est solution at
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an approximate depth of 18 em. Two replicates were tested at each concentration. Twenty fish were usedin cach replicate.

The water chemistry parameters measured during the study included: conductivity range = 180-190wmhos/em (control) and 300-320 umhos/em(2100my/L exposure), pH= 7.3-7.9 (control) and 7.2.7.7(2100 mg/L exposure), temperature = 22.0-22.4°C(control)and 21.8-22.5 °C (2100 mg/L exposare), anddissolved oxygen = 5.89.2 mg/L. (controD and 5.7-9.2 mg/L (2100 mg/L exposure). The 2100 mg/L(second highest) concentration was used because the highest concentration resultedi total mortality at 72hours. The pHrange was within the acecpiable range. Measurementsofdilution water chemistry werealso performed (see Appendix for parameters and detection limits). The only chemical detected was irona10.03 mL.

Remarks: Water hardness, during the study, was not indicated.
PSULTS

Doseofcach endpoint (as mg/L): 96 hr LCS0 = 2470 (2100-3330) mg/L.
96 hr NOEC = 830 mg/L.

Remarks: none

‘Was control response satisfactory (yes/no/unknown): yes
Statistical results, as appropriate: 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: For data reliability, the study was assigneda Klimisch rating of2. Testing metsthe criteria or quality testing. However, sample purity was not properly characterized and it lacks‘analytical confirmationoftest substance concentrations.

Reviewers” remarks: The major concern for trying to determine the validity for this test is thatONLY NOMINAL TEST CHEMICAL CONCENTRATIONS were uscd. OPPT recommendsthat measured test chemical concentrations be used, so that one can accurately determine the testchemical concentration to which to the test organisms are exposed. If it is determined that the‘nominal concentrationsareonly, for example S0%of the measured concentrations, the toxicityvalues can be and must be adjusted downward by 50%. Ifanalytical measurements of some sortad been furnished,wecould calculate chemical recovery rates, and take into account hydrolysis,‘olatility, and other physicochemical processes that might lower the actual test organismexposure concentrations.

Purity of the 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 othersachemicalof lesserpurity (approximately 85%) was used. Water,a solvent (isopropanol) or a combination ofbolwas used in other tests, for no obvious stated reason. In fact, 3M in their summaryofeach teststate: “Data may not accurately relate toxicityofth test sample with that of the test substance.”Fagree with this concern. In addition, if tis was a “typical” TSCA scction 4 review, I would
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reject these studies, pending receipt ofadditional information on purity and studies on analyticalmeasurementsof the test chemical in the test medium.

REFERENCE

Ward, T., Nevius, I. and R. Boeri. 1996. Acute toxicity of FC-1015 to the fathead minnow, Pimephalespromelas. TR. Wilbury Laboratories, Inc. Lab Request number P1624. 3M Company, St. Paul, MN.
OTHER

General remarks: none

APPENDIX

Chemicalmeasurementsofdilutionwater

Parameter: Detection Limit:

Metals
Aluminum 0.1 mL
Arsenic 0.01 mgL
Boron 0.5 mel
Cadmium 0.0002 mg/L.
Chromium 0.01 mg/L
Cobalt 0.03 mg/L
Copper 0.005 mg/L
Iron 0.03 mg/L
Lead 0.005 mg/L
Mercury 0.0003 mg/L.

Nickel 0.03 mylL
Silver 0.02 mg/L
Zine 0.02 mglL

Nitrate 0.05 mg NIL.
Chloride. mg/L

Fluoride 0.1 mg
Total organic carbon mg
Total phosphorous 0.03 mg/L.
Organochlorine Pesticides 0.5 ug
Toxaphene 2pg/ll

‘Organophosphorous Pesticides 0.5 pg/L
Dimethoate: 20g
TEPP 20g
Monocrotophos 20 ug

PCBs. 0.5 pg
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ACUTETOXICITY TO FISH (FATHEAD MINNOW)TEST SUBSTANCE
Identity: Perfluorooctanoic acid, ammonium salt; may also be referred toas PFOA ammonium salt, Ammonium perfluorooctanoate, PFO,FC-116,FC-126, FC-169, or FC-143. (Octanoic acid,
pentadecafiuoro-, ammonium salt, CAS f 3825-26-1)Remarks: The 3M production lof number was 427. The test sample isFC-143, referred to by the tes laboratory as N2803-4. TheT.R.Wilbur study number is 895-TH. The purity of the sample wasnot sufficiently characterized, although current informationindicates it is a mixtureof96.5 - 100% test substance and 0 —3.5% C6. C7,andC9 perfluoro analogue compounds.METHOD
Method: US. 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 temperatureExposureperiod: 96-hours
Statistical methods: LCS0 values calculated, when possible, by probitanalysis, moving average method or binomial probability with non-linearinterpolation using the computer softwareofC.E. Stephan.“Test fish age: Not noted.
Length and weight: Average length = 28.6 cm
Average weight =0.19 (wet)
Loading: 0.13 g/L.
Pretreatment: None
“Test conditions:
Dilution Water: Deionized water adjusted to hardnessof 40-48mg/L as CaCOIL
Dilution water chemistry: Not noted
Lightings Cool-white fluorescent bulbs with an intensityof30 f-.Photoperiodof 16-hours light, 8 -hours dark with a 15 minutetransition period.
Stock and test solutions preparation: Test substance addeddirectly to the dilution water in the test vessels
Concentrations dosing rate: Once.
Stabilityofthe test chemical solutions: No insoluble materialwas noted during the est.
Exposure vessels: 20 L glass aquaria containing approximately 15L of test solution, water depth approximately 18 cm.
Number of replicates: 2
Number of fish per replicate: 10
Numberofconcentrations: five plusanegative controlWater chemistry during the study:
Dissolved oxygen range (0 96 hours):728.5 mL (control exposure)
67-85 mg/L (1000 mg/Lexposure)
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Conductivity range (0 - 96 hours)
140. 180 pmhos/em (control exposure)
280-380 pmhos/em (1,000 mg/L exposure)
pH range (0-96 hours)
73- 7.6 (control exposure)
74-7.5 (1,000 mL exposure)
“Test temperature range (0-96 hours)
22.0 22.6°C (control exposure)
21.8 - 225°C (1000mg/L exposure)
RESULTS
Nominal concentrations: B control, 160, 250, 400, 630, 1,000 mg/L.Element value and 95% confidence interval:
24-hour LCS0 => 1,000 mg/L (C.1 not calculable)8-hour LCS0 = 790 (630 1,000) mg/L.
72-hour LCS0 760(630-1,000) mg/L
96-hour LCS0 = 740 (660 - $30) mg/L.
96-hour NOEC = 400 mg/L.
Element valuesbased on nominal concentrations
Statistical Evaluation of Mortality: The 48 and 72-hour LCS0 valueswere determined by binomial interpolation. Probit was used 0 calculate:the 96-hour LCS0.
Biological observations after 96-hours: Fish inthe controlandthe 160,250, and 400 me/L exposure concentrations appeared normal. Darkdiscoloration and erratic swimmingoftwo fish was observed at the 24-hourobservation period in the 1,000 mg/L exposure concentration
Cumulative percent mortality:

Nominal | 24 7%
Test hours hours { hoursCone.
my
Food fo To To To160 TooTo To |
250 fo "To To—To]400 foo"To To |
630. fo"To"To To]
1.000. D5 TooToo Too]
Lowest concentration causing 100% mortality: NoneMortalityof controls: None:
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CONCLUSIONS
“The test sample 96-hour LCS0 for fathead minnow was determined 0 be740 mg/L witha 95% confidence intervalof660-830 mg/L. The 96-hourno observed effects concentration (NOEC)was 400 mg/L.
Submitter: 3M Company, Environmental Laboratory, 2.0, Box 33331, St.Paul, Minnesota, 55133
DATA QUALITY
Reliability: Klimisch ranking = 2. The study lacks analytical
measurementof test substance concentrations in the tet solutions andsample purity is not sufficiently characterized.
REFERENCES
This study was conducted at TR. Wilbury Laboratori, Inc. Marbichead,
MA,a the requestofthe 3M Company, Lab Request number N2803-4OTHER

General remarks: The major concern for tying to determine the validity for this esti thatONLY NOMINAL TEST CHEMICAL CONCENTRATIONS were used. OPPT recommendsthat measured test chemical concentrations be used, 50 that one can accurately determine the testchemical concentration to whichtothe test organists arc exposed. [fit is determined that thenominal concentrationsarc nly,for example 50%of the measured concentrations, the toxicityvaluescanbe and must be adjusicd downwardby50%. Ifanalytical measurementsof some sortHad been furnished, wecould calculate chemical recovery rates, and take into account hydrolysis,volatility, and other physicochemical processes that might ower the actual test organismexposure concentrations.
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ACUTE TOXICITY TO FISH (FATHEAD MINNOW)

TEST SUBSTANCE
Identity: Perfluorooctanoic acid, tetrabutylammonium salt; may also bereferred 0 as PFOA tetabutylammoniumsalt,
tetrabutylammonium perfluorooctanoate, N2§03-2, or as a majorcomponentof L-13492. (Octanoic acid, pentadecafluoro-,tetrabutylammonium salt, CAS #95655-53-0)
Remarks: The 3M production lot mumberwas2. The test sample isreferredtoby the testing laboratory as L-13492. The T-R. Wilbary study‘number is 839-TH. The 3M Environmental Laboratory Request Number is'N2332. The purityofthe samplewas not sufficiently characterized,although current information indicates it sa solution of 44.9%tetrabutylammonium perfluorooctanoate, 27.9% water, and 27.2%isopropanol
Thefollowing summary applies to thetestsample as a mixtureof thetest substance in an isopropanoliwater solution with incompletelycharacterized concentrations of impurities. Data may not accuratelyrelate toxicityofthe est sample with that ofthe test substance.METHOD
Method: U.S. EPA-TSCA Guideline 797.1400
Type: Acute static
GLP: Yes
ear completed: 1995
Species: Pimephales promelas
‘Supplier: Aquatic Biosystems, Fort Collins, CO
Analytical monitoring: DO, conductivity, pH and temperature weremonitored daily.
Exposure period: 96-hours
Statistical methods: LCS0 values calculated, when possible,byprobit‘analysis, moving average method or binomial probability with non-linearinterpolation using the computer softwareof CE. Stephan.Test fish age: Not noted.
Length and weight of fish in control: Average length = 32.8 mm.Average weight = 0.28 g
Loading: 0.19gish/L
Pretreatment: None
BACK TO MAIN
Test conditions:
Dilution Water: Deionized water adjusted to. hardnessof 40 - 48mg/L as CaCOIL
Dilution water chemistry: Not noted.
Lighting: Cool-whitefluorescentbulbs with an intensityof28 fic.Photoperiod of 16-hours light, § Hoursdark with a 1 minutetransition period.
Aeration: Initiated ater the 72-hour DO measurements.Stock and test solutions preparation: Test substance was.added directly to the dilution water in the test vessels onaweight/volume basis. No insoluble material was notedduringthe
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est
Concentrations dosing rate: Once
Exposure vessels: 20 L glas aquaria containing approximately 15L of test Solution, water depth approximately 18 cm. Vessels were
loosely covered during the tet.
Number of replicates: 2
Number of fish per replicate: 10
Numberof concentrations: ive 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 CaC03
PHY
Dissolved oxygen range (0-96 hours):
6.18.8 mg/L (control exposure)
5.1-8.9 mg/L (1,000 mg/L exposure)
Note acration was supplied to test vessels at 72-
hours
Conductivity range (0-96 hours)
170. 180 umhos/em (control exposure)
200-210 umhos'em (1,000 mg/L exposure)
pH range (0 96 hours)
7.27.9 (control exposure)
737.8100 mg/L exposure)
Test temperature range (0 - 96 hours)
22.1 - 222°C (control exposure)
219 222°C (1,000 mg/L exposure)
BACKTO MAIN

RESULTS
Nominal concentrations: Blank control, 130. 220, 360, 600, 1.000 mg/L.
Element value and 95% confidence interval:
24-hour LCS0 = 1,000 (600 - >1.000) mg/L
8-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 on the mixture as described in the Test
Substance Remarks field. The values reported apply to that mixture andnot the fluorochemical component alone.

Cumulative percent mortality:
Nominal [24-48-72
Test hous | hours | hours
Cone,
mal

[Como To "To To To |
130 lo To ToTo]
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= To To JoTo]EE————
CC————flo Tso Teo Tm tm]
Lowest concentration causing 100% mortality: NoneMortality of controls Nore
CONCLUSIONS
The tet substance 96-hour LS for fathead minnow was deteaminedtoe590 mL. with 95% contdenc inkhval of600-1000 mp. Theet subsiance 96-hour bse ffs concentration (NEC ws 600my
BACK TO MAIN
Submitter 3M Company. Environmental Laboratory, P.O. Box 3333151Paul. Minnesota, 5155DATA QUALITY
Reliability: Knish askin2. Th study lacks analytical messuremcntof est subsiance concentrations i h et soltons ad ample purnot ulfcionly characterisedREFERENCES

This study was conducted st .R. Wibary Laboratoris nc. Mablehed,MA, at the requestof the 3M Company. Lb Request mabeN33199%
om

Genera remarks: The mor concen for trying 0 determin he validity for tis sti hatONLY NOMINAL TEST CHEMICAL CONCENTRATIONS were uscd. OPP recentthat measured et chemical concentrations be usd, that one an Securely ate the stchemical concentration to Which 0h tet organi ar exposed, 1 Gene to heminal concentrations rs any, for cxample S07ofth esrconcentons. he sienKalues can be and must be diddowdby 0% 1saltca meamnéinentsosomme rtFad been frnished,wecould calclte chemical recovery acs, and he to secouns hydro,volatility, and the physicochemical proceses tt ight ower he stu 1 expanxpos cmeemons,
Priy ofthe test material als i moecon an was not suey characterized in fs est. Tnsome tests appeared hat 100% et chemical was wd or others a chorea feos poi(approvimatly 5°) was usc. Wate, Salen (hopropanol)orscombimaton pol wa sed inther is, or no obvious saad rasan. In fc 3M in thle maryofcach et sta: “Dmoraccuracy rele ovis of th 151 sample with ha fhe et stone - 1 strc wis comeaddi, i his was a “ypc” TSCA sition 4 review. 1 vould ree these hes pending esr ofdion! information on purity an sisson analy cl measurements of he en chemiserey
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ACUTE TOXICITY TO FISH (FATHEAD MINNOW)TEST SUBSTANCE.
Identity: Perfluorooctanoic acid, ttrabutylammonium salt; mayalsobereferred 0 25 PFOA terabutylammonium salt,

tetrabuty ammonium perfluorooctanoate, N2803-2,oras amajor‘componentof L-13492. (Octanoic acid, pentadecafluoro-,
etrabutylammonium sal, CAS # 95658-53-0)
Remarks: The 3M production lot number was 2. The test sample isreferred o by the testing laboratory as N2803-2. The T.R. Wilbury studynumberi 888-TH. The purity of the sample was not sufficiently
eharacterized, although current information indicates it is a olution of44.9%tetrabuty ammonium perfluorooctanoate, 27.9% water, and 27.2%isopropanol.
Thefollowing summary applies to the test sample asa mixtureofthetest substance in an isopropanol/water solution with incompletely
characterized concentrationsof impurities. Data maynotaccurately
relate toxicityof the tes sample with thatof the tet 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 weremonitored daily
Exposure period: 96-hours
Statistical methods: LCS0 values calculated, when possible, by probitanalysis, moving average method or binomial probability with non-linearinterpolation using the computer software of C.E. Stephan.
“Test fish age: Not noted.
Length and weightof fish in control: Average length = 34.9 mmAverage weight- 036g
Loading: 024 g fish/L
Pretreatment: None
Test conditions:
Dilution Water: Deionized water adjusted to a hardnessof 40-45mg/L as CaCOIL
Dilution water chemistry: Not noted.
Lighting: Cool-whitc fluorescent bulbs with an inensityof25 fc.Photoperiod of 16-hours light, 8 -hours dark witha 1S minutetransition period.
Aeration: Initiated after the 72-hour DO measurements.Stack and test solutions preparation: Test substance was.
added directly 1 thedilution wate in the test vessels ona
weight/volume basis.
Concentrations dosing rate: Once.
Exposure vessels: 20 L glass aquaria containing approximately 15Lof test solution, water depth approximately 15cm. Vessels weretoosely covered during the test.
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Numberofreplicate: 2
Number affoh per replicate: 10Number af concentrations: ve pls negative contolWater chemisry during the studyDisalved vgn range 0-3 hous)637 RE ma (eomol expose)S6-84meL (L000 mg exponre)Note: action wis supped 1 etvl at 72hon
Conductiiy range (0-96 hours)140 150 mihi (Gott exposure)170 130 umes (1000 mgt. exposure)pi range (0 96 hows)
7.47.7 (control exposure)75-770.000 mal export)Test temperature range (0 9 hours)206-215 (coral expose
21.6 21.9°C(1,000 mg/L exposure)RESULTS
Nominal concentrations: Blak cool, 160, 250, 400,630, 1.00 mpl.Element value and 95% confidence nfeval:24 hour LCSD 21,000 ma (Cl no neni)5h LCSD 1,000 maT (Cl nt caelably72-hour LCSD 970,630. 1000 mp.96-hour LCSD 960 (530 1000) me.96hNOEC - 630 mL.
Element valugs wre based on nominal oncenratons,
Remarks: Testingwas conductedon he mixtureas described nthe TestSubstance Remarks ik. The values reported ply t hat mist andnoti he urochemical component sone.Cumulative percent morality:
Nom 3 =Tou fours hows | oursCon.
met
CS CO |wo To—To—fe——]
ERa0 Jo fo foTo]0 To To ToTo]

ECT

Lowest concenteation causing 100% mortality: NoeMortality ofcontrols NoreCONCLUSIONS
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“The test substance 96-hour LCS0 for fatheadminnow was determined tobe960 mg/L witha 95% confidence intervalof $30 - >1,000 mg/L. The
test substance 96-hour noobservedeffect concenration (NOEC) was 630
mg/L.
Submitter: 3M Company, Environmental Laboratory, P.O. Box 33331, St.Paul, Minnesota, 55133
DATA QUALITY
Reliability: Klimisch ranking2. The study lacks analytical measurement

oftest substance concentrations in thetest 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 N2803-2,1995.
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 wsed,sothat one can accurately determine the testchemical concentration to which to th test organisms are exposed. [fit is determined that thenominal concentrations arc only, for example 50%of the measured concentrations, the toxicityvalues can be and must be adjusted downward by 50%. Ifanalytical measurementsof some sortad been furnished,we could calculate chemical recovery rates, and take into account hydrolysis,volatility, and other physicochemical processes that might lower the actual test organismexposure concentrations.
Parityofthe test materia aloisa major concern and was not sufficiently characterized in this test. Insome tests it appeared that 100% test chemical was used,foothers a chemical of lesser purity(approximately 85%) was used. Water, a solvent (isopropanol)or a combination ofboth was used inother ests, for no obvious stated reason. In fact, 3M in their summaryof ach test state: “Data may notaccurately relate toxicity of he est sample wih hatof the test substance.” 1agree with this concern. [naddition. if this was a "typical" TSCA section 4 review, would reject these studies, pending receipt ofadditional information on purity andstudies on analytical measurements of the test chemical in th testmedium.
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TOXICITY TO MICROORGANISMS.
Title: Microtox Toxicity Test

TEST SUBSTANCE

Identity: Perfluoroactanoic acid, ammonium salt also referred to as PFOA ammonium salt, ammoniumperfluorooctanoate, 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 solidfis purity was not sufficiently characterized, although information indicated it was a mixture of 75.93percent test substance and 7-22 percentCS, C6, and C7 perfluoro analogue compounds.
METHOD

Methodiguideline followed: Beckman's Microtox “BASIC Procedure:
Test type: Static

GLP (YN): No

Vear study performed: 1987

Species/strain: Photobacterium phosphoreum

‘Supplier: Not noted

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:
~Dillcnt was 2% NaCl Microbic’s Reagent
“Deionized water pHwas6.5
- 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 cuvettes.
“Two replicates were taken.

Remarks: none

RESULTS
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Dose of cach endpoint (ss mg/L): S minute EC20 - 810 mg/l
S minute EC50 ->1000 mg/L
S minute ECS0 => 1000 mg/L15 min EC20 ~ 520 my
15 min ECS0 ~ >1000 mg/L
15 min ECS0 1000 mL
30 min EC20-420 mpl.
30min ECS0 - 870 (810.930) mg/L30 min EC80- > 1000 mg/L

Was control response satisfactory (vesmofunknown): unknown
Statistical results, as appropriate: Not noted
Remarks: none.
CoNCLUSIONS
he 30-minute ECS0 was determined t be $70 mg/L. with 95% confidence intervalsof $10 930 mg/L.
‘Submitters’ emarks: A Klimisch data quality ranking of2 was given. Testing meets al criteria forqualiy testing, bu ack analytical confirmationoftest substance concentrations. Characterization ofthetest sample is sso lacking.
Reviewers’ remarks: none

3M Company. [No ie given. Lab Request Number E1282. St. Paul, MN.
OTHER
General remarks: This summary was based ona summary report and nly limited data tables. Nodetailed report was available. Therefore, the contentsof this summary, in reference to the protocols andresusof the study, are itd.

38

009281



TOXICITY TO MICROORGANISMS DATA

“Titles MicrobiesMicrotox. Toxicity Test

Identity: PFOA ammonium lt also refered 1 as ammonium perfluorooctanoate, PFO, FC-116, FC-126, FC-169, FC-143,o as a major component of FX-1003 (octanoi acd, pentadecafluoro-, ammoniumsalt CASRN 3825-26-1), as tated in the submittr’s summary.
Remarks: The 3M production lot number was 2327: the test substance was FX-1003. The purityofthe test substance was not sufficiently characterized, though current information indicated itwas a solution of< 45% ammonium perfluorooctanoste, S0% water, < 3% inert perfluorinatedcompound, and 1 2% Cs and Cs perfluoro-analogue compounds.
METHOD
Methodguideline followed: Microbics Microtox “BASIC” Procedure
Test types Static
GLP (YIN): No

Year study performed: 1990
Species/srain/supplier: Photobacteriumphosphoreun/3M
Doses (concentrations) tested: 0 (blank control),125, 250, 500, and 1000 mg/L
Exposure period: 30 minutes
Analytical monitoring: Concentrations ofthe test substance were not measured during the study.
“Test conditions: Two replicates ofeach ofthe four test concentrations and blank control were preparedusing aliquotsof the stock solution, a 2000 mg/L solution prepared in Millipore MII-G) water 20NaCl Microbie's Reagent was used s the diluent. The initial pH of 6.8 was adjusted to pH 6.7 with dilHLS: for osmaric adjustments, 200 mg NaCl was addedto 10 ml ofsample. The final solutions wereclear and colorless. Cuvetis were uscd as the exposure vessels. Percentoflight-los by th dosedorganisms, in referenceto the mean light generated by the control organisms, was used to asses thetoxicityof the test substance.

Statistical methods: C1 and ECq values were calculatedusingastatistical lincar-egression programprovided for Microtox.
Remarks: The test conditions and procedures were not further described.
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RESULTS

Dose of each endpoint (calculated by statistical linear-regression program):
S-amin ECs0 >1000 mg/L.
15-min ECo 1000 mg/L.
30-min EC >1000 mg/L.

Was control response satisfactory (yes/no/unknown): Unknown

‘Statistical results, as appropriate: Not specified

Submitter’ remarks: Testing met all criteria for quality testing, but lacked analytical confirmation
of test-substance concentrations. Also, there was a lackofcharacterizationofthe test sample.

Reviewer's remarks: Unable to determine % mortality of the controls.

CONCLUSIONS.
“The authors conclude the FX-1003 30-minute ECsafor Photobacterium phoshphoreun to be >1,000 mg/L
(nominal concentration).

Submitter’s remarks: Klimisch-ranking 2. The study summary applies othe test sample as a mixture of
the test substance in water solution with incompletely characterized concentrationsofimpurities. Data
may not accurately relate toxicityof the test sample with that ofth test substance.

Reviewer's remarks: None

REFERENCE
3M Environmental Laboratory. 1990. Microbics Microtox:| Toxicity Test. St. Paul, Minnesota. Lab
request number G2882.

OTHER

Remarks: This summarywasbasedona summary report and limited raw data. No detailed
report was available. Therefore, the contentsofthis summary, in referenceto the protocols and
results ofthe study, are limited.
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TOXICITY TO MICROORGANISMS.
“Title: Microbies Microtox® Toxicity Test of FC-143

TEST SUBSTANCE

Identity: Perfluorooctanic acid, ammonium salt; may also be referred to as PFOA ammonium salt,Ammonium periluorooctanoate, PFO, FC-116, FC-126, FC-169, or FC-143. (Octanoic acid,pentadecafluoro-, ammonium salt, CAS # 3825-26-1)
Remarks: The test sample is FC-143. Is purity was not sufficiently characterized, though currentinformation indicates itis a mixture of 96.5- 100% est substance and 0- 3.5% Ce, Cr, and Cy perfluoroanalog compounds. The 3M product lot number was 421.

METHOD

‘Method guideline followed: Microbics Microtox® "BASIC" Procedure

Type (test type): sutic

GLP (VIN): N

ear study performed: 1995

Speciesistrain: Photobacterium phosphoreun

Supplier: Microbics

Concentrations tested: 0, 125, 250, 500, and 1000 mg/L. The concentrations were nominal. Two
replicates ofeach were ested af each conceniration.

Exposure period: 30 minutes

Analytical monitoring: none

Statistical methods: ECS0 values were calculated by a statistical linear regression program provided for
Mictotox'.

“Test conditions: A primary 2000 mg/L stock solution was prepared in Millipore Mill-Q™ water. ThePH ofthe stock solution was then adjusted from 5.8 to 7.6 using 1.0 N NaOH. An osmotic adjustmentwas made using 200 mg NaCl dissolved in 10 mL stock solution. The water hardness was not reported.Appearanceoftest solutions was noted as “clear ind colorless." All test solutions were made by
proportional dilutions. The test temperaturewas not noted. Cuvettes (3 mL) were usedas the exposurevessels. Two replicates at cach of four concentrations were tested, along with twa controls.
Remarks: The numberof microbes per replicate and the growth phase of the microbes were not
indicated.

RESULTS
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Doseofeach endpoint (as mg/L): S 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 (vesno/unknown): unknown

Statistical results,asappropriate: none

Remarks: none

CONCLUSIONS

“The FC-143 30 minute ECSO for Photobacterium phosphoreum was determined to be 730 mg/L with a
95% confidence intervalof 63010 850mg/L.

‘Submitters’ remarks: For data reliability, the study was assigneda Klimisch ranking of2. Testing
meets all criteria for quality esting, but lacks analytical confirmation oftest substance concentrations.
There is alsoa ackof characterization ofthe test sample.

Reviewers’ remarks: none

REFERENCE

3M Environmental Laboratory. 1996. Microbics Microtox® Toxicity Test of FC-143,
Lab Request number P1626. St. Paul, Minnesota

OTHER

General Remarks: This summary was based on a summary report and only limited data ables. No
detailed report was available. Therefore, the contents ofthis summary,i reference to the protocols and
results of the study. are limited.
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TOXICITY TO MICROORGANISMS.

Title: Microbics Microtox® Toxicity Test of FC-118

TEST SUBSTANCE

Identity: Perfluorooctanoic acid, ammonium sal; may also be referred to as PFOA ammonium saltAmmonium perfluorooctanoate, PFO, FC-116, FC-126, FC-169, FC-143,orathe major component ofFC-118. (Octanoicacid,pentadecafluoro-, ammonium salt, CAS # 3825-26-1)
Remarks: The test sample is FC-118. ts purity was not sufficiently characterized, though current
information indicates it i 20% FC-143 in 80% water. The 3M product lot number was not noted. Datamay not accurately relate toxicity of the test sample with that ofthe test substance.
METHOD

Method/guideline followed: Microbics Microlox® “BASIC Procedure:
Type (est type): static

GLP (VIN): N

ear study performed: 1996

Species/strain: Photobacterium phosphoreun

Supplier: Microbics

Doses (concentrations) used: 0, 625, 1250, 2500, and 5000 mg/L. The concentrations were nominal.
Two replicates were tested at each concentration.

Exposure period: 30 minutes

Analytical monitoring: none

Statistical methods: ECS0 values calculated by statistical linear regression program provided
Tor Microtox®.

“Test Conditions: A primary 10 g/L stock solution was prepared in Millipore Mill-Q™ water. The phof the stock solution was 6.0 (no adjustment) and an osmotic adjustment was made using 200 mg NaCldissolved in 10 mL stock solution. Appearance of tet solutions was noted as “clear and colorless.” Alltest 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 thecontrol,

Remarks: The number of microbes per replicateandthe growth phaseof the microbes were notindicated.

RESULTS
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Doseofcach endpoint (as mg/L): 5 minute ECS0 = 460(4020—4950) mg/L.
15 minute ECS0 = 3360(3090-3641)mg/L
30 minute EC50= 3150 (2910- 3420) mg/L

‘Was control response satisfactory (yes/no/unknown): unknown

Statistical results, as appropriate: none

Remarks: none

CONCLUSIONS

‘The FC-118 30 minute ECSO for Photobacterium phosphoretm was determined to be 3150 mg/L with a
95% confidence intervalof 2910-3420 mg/L.

‘Submitters’ remarks: For data reliability, the study was assigneda Klimisch rating of2. Testing meets
all criteria for quality testing, but lacks analytical confirmationoftest substance concentrations. There is

also a lackofcharacterizationof the 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
results of the study, are limited.
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TOXICITY TO MICROORGANISMS

Title: Microbics Microtox® Toxicity Test of FC-1015-X

TEST SUBSTANCE

Identity: Perfluorooctanoic acid, ammonium salt; may alsobereferred to 2s PFOA ammonium salt,Ammonium perfluorooctanoate, PFO, FC-116, FC-126, FC-169, FC-143, or as the major component ofFC-1015or FC-1015-X.(Octanoicacd, pentadecafluoro-, ammonium salt, CAS f 3825-261)
Remarks: The test sample is FC-1015-X. Its purity was not sufficiently characterized, though currentinformation indicates it is 2 30% straight carbon chain versionof FC-1:3 in 80% water. ‘The 3M product
lot number was not noted. Data may not accurately relate toxicityof the test sample with thatof the estsubstance. Data were uscd to compare toxicityof the branched! straight chain ammonium
perfulorooctancate homolog mixture in FC-143 vs. FC-1015-X.

METHOD

Methodiguideline followed: Mictobics Microtox® “BASIC” Procedure
Type (est type): static

GLP (VIN): N

Year study performed: 1996

Species/strain: Photobacterium phosphoreun

Supplier: Microbics

Doses (concentrations) used: 0,416, 832, 1665, and 3330 mg/L. The concentrations were nominal
“Two replicates were tested at each concentration.

Exposure period: 30 minutes.

Analytical monitoring: none

Statistical methods: ECS0 values calculated by statistical linar regression program provided
Tor Microtoxte,

“Test Conditions: A primary 6.660 gL stock solution was prepared in Millipore Mill-Q"™ water. ThePH of the stock solution was 6.9 and an osmotic adjustment was made using 200 mg NaC dissolved in 10mL stock solution. Appearance of test solutions was noted as“clearandcolorless.” All test solutions
were made by proportional dilutions. The test temperature was not noted. Cuvettes (3 mL) were used asthe exposure vessels. Two replicates were tested a cach concentration, as well as two controls,
Remarks: The numberof microbes per replicate and the growth phase of the microbes were not
indicated.

RESULTS
389

000288



Dosesofcach endpoint (as mg/L): S minute ECS0 = 2300 (2070 - 2560) mg/L
15 minute ECS0 = 1960 (1730 - 2210) mg/L
30 minute ECS0= 1950 (1760-2160) mg/L

‘Was control response satisfactory (yes/nofunknown): unknown

Statisticalresults,as appropriate: none

Remarks: none
‘ONCLUSIONS

“The FC-1015-X 30 minute ECSO for Photobacterium phosphoreun was determined to be 1950 mg/L with
95% confidence interval of 1760-2160 mg/L.

Submitters’ Remarks: For datareliability,the study was assigned aKlimisch rating of2. Testing meets
allerteria for quality testing, but lacks analytical confirmationoftest substance concentrations. There is
also a lackof characterization ofthe test sample.

Reviewers’ Remarks: none

REFERENCE

3M Environmental Laboratory. 1996. Microbics Microtox® Toxicity Test of FC-1015-X. Lab Request
number P1626. St. Paul, Minnesota.

OTHER

‘General Remarks: This summary was basedon a summary report andonly limited data ables. No
detailed report was available. Therefore, the contentsofthis summary, in reference to the protocols and
results 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 production lot number was 37. The test sample was FC-143. The purityof thesubstance was not sufficiently characterized, though current information indicate it wasa mixtureof96.5= 100% test substance and 0 ~ 3.5% Ce, Cy, and Cs perfhuoro analogue compounds.
METHODS

Method guideline followed: Protocol reference EAR, 11/8779

Test type: Not noted

GLP (VIN): No

ear study performed: 1950

Test organism: Activated sludge mixed liquor

‘Souree: Metro Wastewater Treatment Plant, St. Paul, MN.

Concentrations tested: Blankcontrol, 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 100mL with D.I. water.

Remarks: No furtherdeailson testing methods were providedbythe submiter.

RESULTS
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Doseofeach endpoint (as mg/L): No acute inhibitory effect on activated sludge respiration rate at 1000mg/L with a contact time of7 minutes,

Remarks: Results based on nominal concentrations.

‘Was control response satisfactory (ves/no/unknown): unknown
Statistical results,as appropriate: Not noted

CONCLUSIONS
Limited contac time estimates that ammonium pefluorooctanoate is not expected to inhibit the activityofactivated sludge.

Submitters’ remarks: Klimisch ranking 3. Testing lacks recordofmethodology used. The method was.not an agency approved method. There is lack ofcharacterization ofthe test sample and test solutions notanalyzed for tes substance concentrations.

Reviewers’ remarks: No ECS0orother effet level was given.

3M Company. [No ite given. Lab request number 56255. St. Paul, MN.
OTHER

General remarks: This summary was based on a summary report and only limited data ables
No detailed report was available. Therefore, the contents of this summary, in reference to the
protocols and resultsofthe study, are limited.
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TOXICITY TO BACTERIA

Titles Activated Sludge Respiration Inhibition Test
TEST SUBSTANCE.

Identity: _Perfluorooctanoic acid, ammonium sal; alo referred to as PFOA ammonium salt, Ammoniumperfluorooctanoate, FC-116, FC-126, FC-169, or FC-143. (Octanoi acid, pentadecafluoro-, ammoniumsalt, CAS 3825.26-1.)

Remarks: The 3M production lot number is 390. The test sample was FC-126, a white powdery solid.“The purity was not completely characterized, although information suggesteditwasa mixtureof 78.93percent est substance and 7-22 percent CS, C6, and C7 perfluoro analogue compounds.
METHODS

Method guideline followed: OECD 209

Test ype: Static

GLP (VIN): No

ear 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.

Concentrationstested: 0, 100, 180, 320, 560, and 10000 mg/L test material solution. (Two blank
controls - 0 mg/L- were used, as wella a reference substance.)
Exposure period: 30 minutes:3 hours

Analytical monitoring: It was not statedwhethertheconcentrations were monitored throughout the fest,
Statistical methods: Not stated.

Test conditions:

- Dilution water was aerated, distilled. deionized water with a pH of 6.7- Synthetic sewage was prepared according to OECD Guideline# 209- Suspended solids were 2.7 gL
- Test solutions were prepared by adding individual weights to solutions containing 284 mLdistilled water, 16 mL. synthetic sewage feed, and 200 mi. inoculum. The pH of the solutions wasadjusted to 7.0 using | N NaOH. The reference solutions were created using 500 mg/L stock
solutionof3,5-diochloropherol,
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pH ofthe activated sludge mixed liquor was 7.8 initia) and 8.0 (final); pH of he 1000mg/L testconcentration was 7.4 (initia) and8.1 fina)
Temperatureof the est was 20-21 C (for oth 30 min and 3 hr).

~ Exposure vessel type was not described.
Number ofreplicates ot sated, except that two blank controls were used.Respiration inhibition was determined by measuring dissolved oxygen consumption.

Remarks: Hardness ofth dilution water was no presented.
RESULTS
Dose ofeach endpaint (as mg/L):

AC30 min: ECSO (or respiration inhibition)= > 1000 mg/LAUS hrs: ECS0 (for respiration inhibition) = > 1000 mg/L
Remarks:

A reference substance was sed, but no results were presented.~Noneofthe doses resulted in 100 percent iibiton.
Was control response satisfactory (yes/no/unknown): Control response appeared adequate; less than |percent respiration rac inhibition occurred. Also, the diffrence between the two controls was 2.2 percenta8 30 minutes and 08 percent at 3 hours; this meets the guideline criterionofbeing within 15 percent ofcach other
Statistical results, as appropriate: none
CONCLUSIONS

“The authors sat tht the test material induced 38 percent inhibition in respiration rate at 1000mL afer hours ofexposure.
Submitters” remarks: The authors sate that the Klimisch data quality ranking was 2, and that th studymeets the rita for quality testing. However, the study lacked characterization ofthe test substancepurity and analytical confimmation of concentrations. Also, no results were presented for the referencecompound.
Reviewers' remarks:
REFERENCE

3M Company. Activated Sludge Respiration Inhibition Test Environmental Labortory: LabRequest Number E1282. St. Paul, MN.
OTHER

General remarks This summary was based on summary report and oly limited data (ales.No detailed report was availble. Therefor, the contentsof this summary, in reference (0 (heprotocols and resuls ofthe study, are limited.
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TOXICITY TO BACTERIA

Title: Activated Sludge Respiration Inhibition

TEST SUBSTANCE

Identity: Perfluoraoctanoic 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 ofthe testsubstance was not sufficiently characterized, though available information indicated itwasasolution of
<45% ammonium perfluorooctanoate, 50% water, <3% inert perfluorinated compound and 12% C; andC, perfluoro- analogue compounds. The test substance was aclear liquid. The reference substance usedfor this study, 3.5-dichlorophenol,was Aldrich red label, lot number D7-060-0.

METHODS

Methodiguideline followed: OECD 209

Test type: Static

GLP (Y/N): 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 obtained. The conditionof the organisms was not specificd.

‘Supplier: Metro Wastewater Treaument Plant

Concentrations tested: 0 (blank control) and 1000 mg/L FX-1003 were used for cach exposure period
(30 minutes and 3 hours). Two replicatesofthe blank control and one replicate of 1000 mg/L FX-1003.
were used for cach exposure period. A reference control, 3,-dichlorophenol, was included at a
concentrationof 10 mg/L. One replicateof the reference control wasused for each exposure period.
Nominal concentrationsofthe test substance and reference control were used during this study.
Exposure period: 30-minutes and 3-hours

Analytical monitoring: Dissolved oxygen concentrations were monitored in order o determine
respiration inhibition,as determined by oxygen consumption.

Statistical methods: Not specified

“Test conditions: The inoculum contained 3.2 g/L ofmixed liquor suspended solids. The test substance
was created by a mass addition to a solution containing 284 mL Millipore Milli-Q water, 16 mL.
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synthetic sewage feed, and 200 mL inoculum. The test substancewasapparently miscible with water. Areference solution was createdusing a 500 mg/L stock solutionof 35-dichlorophenol. The initial andfinal pHofthe activated sludge mixed liquor was6.7 and 7.1, respectively. The initial pH of the 1000mg/L test solution was 7.3. The initial pHofthe reference solution, 10 mg/L 3,5-dichlorophenol, was 7.5.The temperaturerange was 20— 21°C during the study. Two replicatesof the blankcontrol,and onereplicateofcach concentration of FX-1003 (1000 mg/L) and 3.5-dichlorophenol (10 mg/L), were used forcach exposureperiod (30 minutes and 3 hours).

Remarks: No additional comments.

RESULTS

Dose of each endpoint (as mg/L): 30-minute ECS0 >1000 mg/L
3-hour EC50 >1000 mg/L

Remarks: Testing was conducted on the mixture of the described test substance, The values reported
apply to that mixture and not the test substance.

‘Was control response satisfactory (yes/no/unknown): Yes

‘Statistical results, as appropriate: No additional comments

CONCLUSIONS
“The FX-1003 3-hour ECS0 for activated sludge respiration inhibition was determined to be >1000
mel.

Submitters” remarks: Klimisch ranking 2. Testing meets all criteria for quality testing, but lacks
analytical confirmation of test substance concentrations. There is a lackof characterization of the fest
sample. The testingprocedure was not fully documented.

Reviewers’ remarks: The conclusions appear tobe supported by the data, however, limited data were
available to adequately assess the study.

REFERENCE,
3M Environmental Laboratory. 1990. Activated Sludge Respiration Inhibition. St. Paul, Minnesota. LabRequest number G2882.

OTHER

‘General remarks: This summary was based on a summary report and limited data tables. No
detailed report was available. Therefore, the contents oftis summary, in reference to the
protocols and resulsofthe study, are limited
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TOXICITY TO BACTERIA
Title: Activated Sludge Respiration Inhibition Test

TEST SUBSTANCE

Mdentity: Perfluorooctanoie acid, ammonium sat; may also be referred to as PFOA tetrabutylammoniumsalt, Ammonium perfluorooctanoate PFO, FC-116, FC-126, FC-169, FC-143, oras a major component ofGC-1015 or FC-1015-X. (Octanoic acid, pentadecafluoro-, ammonium sal, CAS # 3825-261)
Remarks: The test sample was FC-1015-X. 10s purity was not sufficiently characterized, though currentinformation indicates it s a 30% straight chain version of FC-143 in 80% water. The 3M product lotnumber was “HOGE 205." Data were used to compare the toxicity of the branched! straight chainammonium perfluorooctanoate homologue mixture in FC-143 with what issupposed to be the 100%straight carbon chain ammonium perfluorooctanoate in FC-1015-X.
METHODS

Methodiguideline followed: OECD Test #209

Test type: static

GLP (VIN): no

Year study performed: 1996

Test Organism: activated sludge
Supplier: The activated sludge mixed liquor was collected from the Metro Wastewater Treatment Plantin St.Paul, MN.

‘Concentrations tested: 420, 840, 1660, and 3320 mg/L. Two blank controls and areference substance.were also tested. The concentrations were nominal

Exposure period: 30 minutesand 3 hours

Analytical monitoring: none

Statistical methods: none

“Test conditions: The dilution water used was Millipore Milli-Q" water. A stock solutionofthereference substance, 3,5-dichlorophenol,was prepared by dissolving 500 mg in 10 mL IN NaOH, diluted10.30 mL, then brought 0 the pointof incipient precipitation with IN H,SO, and diluted to 1L. The pHof the reference solution was measured to be 7.2. The test substance was added directly to the estvessels.

Synthetic sewage per OECD guidelines (Test #209) was used.
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“The temperature ranged from 19.1 10.22.1 °C. Initially, total suspended solids were measured at 3.22 g/L.
Atthe end ofthe tes, TSS = 1.3 gL. The inical pH = 1.8, while the final p = 7.9. The water hardncaswas not indicated

“The clement basis was respiration inhibition a determined by oxygen consumpion.
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
3NECS02 3320 mel

Remarks: Testing was conducted on the mixtureofthe test substanceasdescribed in the tst substance
remarks field. The values reported apply o that mixture and no the test substance. A reference
substance of 3,5-dichlorophenol was used, but ECS0 values were not reported
‘Was control response satisfactory (yes/nofunknown): unknown

Statistical results, as appropriate: none

CONCLUSIONS
“The FC-1015-X 3 hour ECO for activated sludge respiration inhibition was determined to be:
greater than 3320 mg/L.

Submitters” remarks: The study was assignedaKlimisch ranking of2. Testing meetsallcriteria for
quality testing, but lacks analytical confirmationof test substance concentrations. Thereis a lack of
characterizationofthe test sumple.

Reviewers’ remarks: none

REFERENCE,
3M Company Environmental Laboratory. 1996. Lab Request N2169. St. Paul, MN.
otHER

General remarks: This summary was based ona summary report and only limited dat tables
No detailed report was available. Therefore, thecontents ofthis summary, in reference to the
protocols and results of th study, are limited.
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MICROBICS' MICROTOX® TOXICITY TEST
TEST SUBSTANCE
Identity: Perfluorooctanoic acid, etrabutylammonium sal; may also be
referred 10 as PFOA tetrabutylammonium salt,
tetrabutylammonium perfluorooctanoate, N2803-2, or ass major
component of L+13492. (Octanoic acid, pentadecafluoro-,
tetrabutylammonium sali, CAS # 95658-53-0)
Remarks: The 3M production lot numberwas2. The test sample is
referred ©by the testing laboratory as L-13492. The purity of the sample:
was not sufficiently characterized, although current information indicates it
isa solutionof44.9% tetrabutylammonium perfluorooctanaate, 27.9%
water, and 27.2% isopropanol.
Thefollowing summary applies to th test sample as a mixtureof the
estsubstance in an isopropanoliwater solution with incompletely
characterized concentrations ofimpurities. Data may not accurately
relate toxicityof the test sample with thatof thetest 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 statistical incar
regression program provided for Microtox®
Test organism source: Microbics Corporation, Carlsbad, CA
Test Conditions:
Dilution water: Millipore Milli-Q TM water.
Stock and test solution preparation: A primary 2000 mg/L stock
Solution was prepared in Millipore Mill-Q™ water. The pH of the
Stock solution was then adjusted from 4.7 10 6.7 using 0.1 N NaOH
and an osmotic adjustment was made using 200 NaCl dissolved in
10mL stock solution. Appearanceof tes solutions was noted as
“clear and colorless”. A 1 tet solutions weremadebyproportional
dilutions.
Exposure vessels: 4 mL glass cuvettes.
Number of replicates: Two
Number of concentrations: Four plus blank control
Element Basis: Percent light loss.
RESULTS
Nominal concentrations: Blark contro, 125, 250, 500,1000mg/L.
Element value and 95% confidence interval
Seminute ECS0 = 630 (590 - 665) my/L
15-minute C50 = 300 (270 - 330) mg/L.
30-minute EC50~ 260 (220 - 300) mg/L
Element valucs based on nominal concentrations.
Remarks: Testing was conducted on a mixture as described in the Test
Substance Remarks ficld. The values reported apply to that mixture and
ot the fluorochemical component lone.
CONCLUSIONS
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The test sample 30-minute ECS0 for Photobacterium phosphoreum was
determined to be 260 mg/L with a 95% Confidence Interval of 220-300
mg/L.
Submitter: 3M Company, Environmental Laboratory, P.0. Box 33331, St.
Paul, Minnesota, 35133
DATA QUALITY
Reliability: Klimisch ranking2. Testing meets al criteria for quality
testing, but lacks analytical confirmation ofest 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, Lub Request number N2169, 1995
OTHER
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Title: Bioconcentration testof Perfluoroalkylcarboxylic acid (C=7-13) [This test is performed
using Perfluorooctanoic acid (Test substance number k-1519)] in carp

TEST SUBSTANCE
Identity: K-1519. Perfluorooctane sulfonic acid, potassium salt. Lot number A376265
Remarks: Test substance number K-1519. The test substance is a white powder. Purity
determined tobe 98%. The test substance was treated as 100% purity.

METHOD:
Method/guideline followed: Method for Testing the Degree of Accumulation of 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 Aflairs Bureau, Ministryof Health and
Welfare: and No. 392. Basic Industries Bureau, Ministryof International Trade and Industry,
Japan). and Bioconcentration : Flow-through Fish test ( Guideline 305, June 14, 1996)" in the
OECD Guidelines for TestingofChemicals.
‘Type: Flow-through system
GLP (Y/N): Yes
Year: December 18, 2000
Species: Carp (Cyprinus carpio)
Supplier: Fuluokaken yabeqawa fishermen’ cooperative association
Length and weight at test termination:

Mean length = 6.88.6
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: Aliquot of test water for level | 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.

Measurement of body weight and length, chopped into pieces, making sample fine, taking out |
grams. Treated with acetonitrile (20 mL), homogenized, washed, and centrifuged. Residue

Supematant- Filtration and sampled for LC-MS analysis

Numberof concentrations: Two plus a negative control
“Test concentration: (mean measured): Negative control, § and 50 ug/L
Uptake period: 28 days
Depuration period: Not stated.
Test conditions:

Dilution water: Groundwater from the premisesofKurume 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 limits, test concentrationsof the test substance were decided as
follows. The control was set as a blank test. Level 1 was 5 ug/L and Level2 was 50 ug/L. The
test 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
litersiday for test water were supplied.
Exposure Vessels: 100 liter glass tank
Numberofreplicates: None
Number of fish per vessel:

Level 1 and 2: 28
Contol: §

Diet: Nippon Formula Feed Mfg. Co.,Ltd.

Water chemistry ranges during the study:

bow: 76-78 [76-78 76-78 |

Photoperiod: Artificial lightof white fluorescent lamp (14 hrs./day)
Light intensity: Artificial lightofwhite fluorescent lamp.

Collectionof tissue samples: Analysis of test fish was performed six times at cach level in
durationof exposure. Four fish were taken out at each sampling time and divided into two
‘roups, and then both were analyzed individually. Analysisofcontrol fish was performed before
the experimental starting and after the experimental completion. Four ish were taken out at cach
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)'$ x
100
Where
To = Weightofvessel (g)
T= Weightofsample of gravimetric analysis (containing vessel) (2)
= Weightoffine sample taken 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 analysisof BCFs made on samples taken at intervalsofat least 4
ours were within 20%ofeach other. When BCFs were aless than 100, it was evaluated that a
steady-state had been reached after 28 days even ifBC were over 20%of each other
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RESULTS

Nominal concentrations: Negative control,
Mean measured concentrations: 5 and 50 ug/L
Bioconcentration factors (BCF):
Level 1(5 ug/L) apparent steady-state BCF Time to reach 50% clearance:

PFOAConcentration in test water:
Cone. [ After Aferl0 | Aer 16 | After 2| Aer 35| Average

Diy [Das |b | Das |Days | Dus | STD)
SuglTox Tare 1469"Tasi 1467 ass

[souwgtTass TaeoTae Tae [ass |a61

PFOA Concentration in Tissueof Carp Exposed to § and 50 ug/L:
Cone. | Aer | Aferld| After 16 Aller 28

Devs” [Daw Dus |Dos | Days
Tw [29 [24 [30 a2TE EBENEA FE
wn [es ST Je

si | Jos 51 [dn

“Test organism mortality:
Negative control: None documented.
Level 1 (5 ug/L): None documented.
Level 2 (50 ug/L): None documented.

Analytical methodology:
Analysis of PFOA in the test water and carp was performed using high-performance liquid
chromatography-mass spectrometry (HPLC-MS) analysis. The est waterof cach level was.
analyzed once before fist analysisof test ish and at the same time as the analysisof the tet fish.
Steady state was reached when three successive analyses ofBCFs made on samples taken at
intervalsofat least 48 hours were within = 20%ofeach other. When BCFs were less that 100, it
was evaluated thata steady-state had been reached aftr 28 days.

Concentrationof test substance in test war at a steady-state:
The mean concentrationof the test substance in test water at a steady state were 94% of
nominated concentrations.
The measured lipid contents in the test fish were 3.10% before initiationof exposure and 2.82%
after termination ofexposure.

CONCLUSIONS
In this study, PFOA BCF ranged from 31 for level 1 and 5.1.9.1 for level2 in the tissuesof carp.
“Test concentrations of5 and SO ug/L were used. The fish were exposed for 28 days.
REFERENCES
Kurume Laboratory (2001). Chemicals Evaluation and Research Institute, Japan. Test number:
51520
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