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SUMMARY OF A STUDY CONDUCTED WITH POTASSIUM PERFLUOROALKYL

Type:
Species/Strain:
Sex/Number:
Exposure
Period:
Frequency of
Treatment:
Exposure
Levels:
Method:

GLP: _
Test Substance:

Results:

SULFONATE (PFOS) AT DUPONT

Biopersistence Screening Study
Rats/Cri:CD®SD(IGS)BR
Male/5/group

5 or 10 days; 94 days of recovery

Ad libitum for 5 or 10 days

Ammonium perflucrooctanoate: 20 mg/kg

Potassium perfluoroalkyl sulfonate (PFOS): 10 mg/kg

Six groups of rats were administered ammonium
perfluorooctanoate, 1 group received the test substance for

5 consecutive days and the other 5 groups received the test
substance for 10 days. Approximately 2 hours after the first dose,
blood was collected from each rat from the group designated for 5
doses. These same rats were sacrificed on test day 5 approximately
2 hours post-dosing, and blood and livers were collected. The
remaining groups received the test substance for 10 days. Five rats
were sacrificed and had blood and livers collected on test days 10
(2 hours post-dose), 13, 24, 52, or 93/94. The total fluorine content
of the blood was determined by using a Wickbold torch
combustion method, followed by analysis with a fluoride ion
selective electrode. Body weights and clinical signs were recorded
throughout the test. Liver weights were recorded, but not reported.

Six groups of rats were administered potassinm perfluoroaikyl
sulfonate as described above. Food and water were available ad
libirem throughout the test. Corn oil was used as the vehicle for the
ammonium perfizorooctanoate test groups.

Potassium perfluoroalkyl sulfonate was dissolved in acetone before
suspending it in corn oil. The ratio of acetone to corn oil was
20:80. Negative conirols of corn oil and corn oilfacetone were also
tested as described above.

No

Ammonium perfluorooctanoate, purity 93-97%

Potassium perfluoroalkyl sulfonate, purity 82-86% CAS
#2795-39-3, 3-8% CAS #3871-99-6, 3-7% CAS #29420-49-3,
1-3% CAS #60272-25-1

Rats dosed with ammonium perflzorooctanoate exhibited wet
perineum and diarrhea during the dosing period. Alopecia was
observed during the recovery period. The normalized pM
equivalents (bloed organofluoride levels) in rat blood peaked after



Reference:

5 days of dosing and then decreased throughout the testing period.
The Cmax was 518.12 + 44.89 ppm with a terminal half-life of

8.3 days. The Al (Accumulation Index) was 12.5 and the BRI
(Bioaccumulation) was 6497.5. An area under the curve (estimated
to mnfinity) {AUCINFE/D) was calculated and normalized for
fluorine content. The AUCINF/D was caleulated as 70,789.6.

Rats dosed with potassium perfluoroalkyl sulfonate exhibited
diarrhea, salivation, alopecia, black ocular discharge, and staining
of various parts of the body during the dosing pericd. Alopecia
was observed during the recovery period. The normatized uM
equivalents (blood organofluoride levels) in rat blood continued to
rise throughout the dosing period and may not have reached
steady-state. The Cmax was 989.85 + 116.90 ppm with a terminal
half-life of 40.5 days. The Al was 59.0 and the BI was 58382.2.
The AUCINF/D was calculated as 566,479.1.

DuPont Co. (2000). Unpublished Data, Haskell Laboratory Report
No. 2922. ' :

SUMMARY OF STUDIES CONDUCTED WITH AMMONIUM
PERFLUOROOCTANOQATE AT DUPONT

Ecotoxicity

Type:
Value:
Breakdown
products:
Method:

GLP:

Test Substance:

Results:

Biodegradation
13% at Day 28

CO,
Modified Strum Test (OECD 301 B). In this test, biodegradability

was measured as CO; evolution. Activated sludge was used as the
inoculum.

No

Ammonium perfluorooctanoate, purity assumed 100%

Ammonium perfluorooctanoate (30% solutien) did not demonstrate
“Ready Biodegradability,” Note that failure to pass a “Ready
Biodegradability Test” does not imply that the test substance will
persist in the environment for an extended period of time.

The toxicity test, which included both the test substance and the
reference chemical {sodium benzoate) in the same flask, vielded

< 25% biodegradation within 14 days; therefore, ammonium
perfluorooctanoate was considered inhibitory to microorganisms in
the inoculum.



Reference;

Type:
Method:

DuPont Co. (1997). Unpublished Data, AEM Laboratory Report
Nao. 24-97,

Adsorption-Desorption Screening Studies

Ammonium perfluorcoctanoate adsorption/desorption screening
studies were performed on several test materials, including two
clays, a washed sand, peat moss, and an agricultural soil from
Delaware, USA. The adsorption/desorption screening studies were
also performed using two surface soils and two sediments from the
Ohio River collected in the vicinity of the DuPont Washington
Works plant near Parkersburg, West Virginia.

The adsorption/desorption procedure used in this study was
adapted from a method developed by the Office of Prevention,
Pesticides and Toxic Substances (OPPTS), United States
Environmental Protection Agency for use in the testing of
pesticides and toxic substances, and the development of test data
(US EPA (1998). Fate, transport and transformation test guidelines:
OPPTS 835.1220 sediment and soil adsorption/desorption .
isotherm, United State Environmental Protection Agency, Office of
Prevention, Pesticides, and Toxic Substances, EPA712-C-98-048).

Except for the clays, all sampies were screened through a 2-mm (10
mesh) stainiess steel sieve in preparation for the
absorption/desorption screening test. Furthermore, the sand was
washed using DI (deionized) water through 2-mm and 50-um
stainless steel sieves. Material retained on the 50 um sieve was
used in the study. The sand, soils, and sediments used in the
studies were air-dried prior to use. Data calculations, however,.
were based on oven-dry weights of the samples. Oven-dry weights
were determined after drying a subsample of material in an oven at
105°C for a minimum of 24 hours.

The pH of the samples was determined in a ratio of 1:1 (test
sobstance to water). Percent organic matter was determined using

the loss on ignition method.

Screening Test: Adsorption Studies

The adsorption test was performed in duplicate on each material. A
blank containing 0.01M CaCl, solution with test materials and no
ammonium perfluorooctancate and a single controf at each
amimonium perfluorooctanoate conceniration but no material were
also included. Each material was equilibrated with the aqueous
phase of a solution of the test substance at 50, 500, and 5000 ug/1.
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GLP:
Test Substance:
Results:

prepared in 0.01M CaCl,

Sterile 50 ml. polypropylene centrifuge tubes were used as the test
vessels. One part air-dried material (4.0 g) was weighed and

5 parts test solution (20 mL) were decanted into centrifuge tubes,
except the control tube. The centrifuge tubes were secured on an
end-over-end mixer and agitated at approximately 30 rpm for

24 hours. Samples were centrifuged for 20 minutes at 4000 x g,
and then filtered through a 0.2 um nylon syringe filter into a new
centrifuge tube. The volume of aqueous supematant was measured
and refrigerated at approximately 5°C until analyzed for the parent
compound using an LC-MS. The blank and the control tubes were
subjected to the same steps as the test systems, including filtering.

Screening Test: Desorption Studies

A fresh volume of 20 mL of 0.01M CaCl, solution without the test
substance was added to each solid phase (pellet). The sample was
mixed, centrifuged, filtered, stored, and analyzed as was done in
the adsorption studies. This desorption step was sepeated a second.
time, resulting in two washings that were analyzed separately.

No

Ammonium perfluarocctancate, purity not applicable

Five of 9 materials tested for the adsorption/desorption
characteristics of ammonium perfluorooctanoate (peat moss,
Upstream sediment, East Wood soil, Garden Area soil, and Kaolin
clay) exhibited significant adsorption (> 25% of ammonium
perfluorooctanoate added) at one or more of the added
concentrations of ammonium perfluorooctanoate. Sand,
Montmorillonite clay, Downstream sediment, and Sassafras soil did
not adsorb a significant amount of ammonium perfluorooctanoate
at any concentration.

Only peat moss, however, adsorbed a significant amount at all
three concentrations of added ammonium perfluorooctanoate,
Kaolin clay adsorbed a significant amount of ammonium
perfluorococtanoate at 500 and 5000 pg/L. The Garden Area soil
collected at Washington Works also adsorbed significant amounts
of ammonium perfluorooctanoate at 500 pg/L. Upstream
sediments from the Ohio River and East Woed soil adsorbed a
significant amount of ammeonium perflucrooctanoate at 30 pg/L

only.

Once adsorbed on peat moss, most of the ammonium
perflnorooctanoate (> 76%}) did not desorb after two washings with
a solution of 0.01M CaCl,. For the Kaolin clay, most of the
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ammonium perfluorooctanoate adsorbed when added at 5000 pg/L
desorbed with washing (> 60%). At ammonium perflunorooctancate
added at 500 pg/L, however, an average of 98% did not desorb
from the Kaolin clay after two washings. The East Wood soil,
which adsorbed 46% of the ammonium perfluorooctanoate added at
50 ug/L desorbed only about 2%. For the Garden Area soil 57% of
the ammonium perfluorooctanoate desorbed when adsorbed from
the 500 pg/L solation. No measurable desorption of ammonium
perfluorooctanoate from the Upstream sediment after two washings
was observed when the ammonium perfluorooctanoate was added

at 50 pg/L.

Reference: DuPont Co. {2000). Unpublished Data, Report No, EMSE-053-00.
Acute Toxicity to Fish

Type: 96-hour 1.Cs

Species: Lepomis macrochirus {(bluegill sunfish) _

Value: 634 mg/L (95% fiducial interval, 567-725 mg/L)

Method: A rangefinding study was conducted using nominal test

concentrations of 0, 0.1, 1, 10, 100, and 1000 mg/1..

For the definitive study, nominal test concentrations were 0, 262,
328, 410, 512, 640, 800, and 1000 mg/L.. Glass aquaria (20 L)
containing 10 L of test solution were employed. Positions of test
chambers in the water bath used to maintain constant temperature
were assigned using random numbers. Ten fish were added to each
replicate using random numbers (2 replicates per concentration;
total 20 fish per concentration). Control fish ranged from

1.2-2.8 ¢m standard length (mean 2.1 cm) and 0.0451-0.524 g wet
weight (mean 0.228 g). Control Joading was 0.23 g/L at test
conclusion. Fish were not fed approximately 24 hours prior to and
during the test. A photoperiod of 16 hours light (312-344 Lux)
versus 8 hours darkness was employed with 25 minutes of
transitional [ight (<2.15 Lux) preceding and following the 16-hour
light interval. Observations for mortality and behavioral effects
were made daily.

Dissolved oxygen, pH, and temperature were measured in each
replicate before addition of fish at test start, daily, at total fish
mortality, and/or at test end. Total alkalinity, EDTA hardness, and
conductivity of the control water were measured before fish were
added at test start. A continuously recording thermometer in a
water-control replicate was used to check temperature variations
during the 96-hour test. Chemical analyses of the test substance
concentrations in water were not performed.

s 6



GLP:
Test Substance:
Results:

Reference:

Type:
Species:
Value:
Method:

The LCso value and its 95% fiducial interval were calculated.

Yes

Armmonium perfluorooctanoate, purity 99%

Mortality in the rangefinding study after 96 hours was 0, 0, 0, 0, 0,
and 80% at 0, 0.1, 1, 10, 100, and 1000 mg/L, respectively.

Total mortality was 0, 5, 10, 15, 30, 40, 65, and 95% in the 0, 262,
328, 410, 512, 640, 800, and 1000 mg/L. concentrations,
respectively. All deaths occurred within 24 hours, with the
exception of 1 death at 48 hours at 1000 mg/L. No behavioral
effects were noted at < 640 mg/L.. Surviving fish at 800 and

1000 mg/L. were lethargic.

All chemical and physical parameters were within expected ranges.
Total alkalinity, EDTA hardness, and conductivity of the dilution
water control were 79 mg/L. CaCOs, 76 mg/L CaCOs,, and

165 nmhos/cm, respectively. During the test, dissolved oxygen
concentrations ranged from 6.7-8.5 mg/L, pH ranged from 6.9-7 4,
and temperature ranged from 21.4-22.1°C. _
DuPont Co. (1994), Unpublished Data, Haskell Laboratory Report
No. 61-94. '

96-hour LCsy

Oncorhynchus mykiss (rainbow trout)

4001 mg/L (95% confidence interval, 3327-4932 mg/L)

A static rangefinding study with 3 fish per concentration was
conducted using a dilution water control and nominal
concentrations of 50, 100, 300, 1000, and 5000 mg/L..

Nominal concentrations of 625, 1250, 2500, 5000, and

10,000 mg/L (20% solution of ammonium perfluorcoctanoate in
water) were chosen for the definitive test based on the results of the
preliminary rangefinding study.

Test chambers were stainless steel aquaria that held approximately
9 L of test solntion. Two replicate test chambers were used per test
concentration with 10 fish in each chamber (total of 20 fish per
concentration). Each chamber was covered with a glass plate to
prevent fish from escaping. Random numbers were used to assign
test concentrations to the test chambers and position of test
concentrations in the water bath.

Rainbow trout used in this study were not fed approximately

29 hours prior to and during the test, and were assigned to the test
chambers using random numbers. Addition of fish to the test
solutions was initiated approximately 41 minutes after mixing of
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GLP:
Test Substance:
Resualis:

the test solutions was completed. Mortality and behavioral
observations were made at test start, every 24 hours thereafter, and
at test end. At test conclusion, all surviving fish were sacrificed.

A recirculating water bath was used to maintain mean temperature
in the test chambers during the 96-hour test. In addition, a
continuousty recording thermometer was used to check for
temperature variation in I replicate of the dilution water control. A
photoperiod of 16 hours light (approximately 199-450 Lux) and

8 hours darkness was employed, which included 30 minutes of
transitional light (11-157 Lux) preceding and following the 16-hour
light interval.

Dissolved oxygen, pH, and temperature were measured in all
replicate charmnbers of the control and test substance concentrations.
These measurements were taken before fish were added at test

start, every 24 hours thereafter, and at test end or at total mortatity
in a concentration. Total alkalinity, EDTA hardness, and
conductivity of the water were measured before fish were added at
the beginning of the test. Test solutions were not acrated during

the test.

Concentrations of ammonium perfluorooctanoate were measured
directly by high performance liquid chromatography/tandem mass
spectrometry (LC/MS/MS).

At test conclusion, fish from the water control ranged from

2.5-3.2 cm in standard length (mean 2.8 cm) and 0.15-0.30 g in wet
weight, blotted dry (mean 0.21 g). Standard length of the longest
fish was not more than twice the length of the shortest fish in the
control. Loading in the water control was 0.23 g/L at test
conclusion.

The L.Csp value was calculated using the moving average-angle
method.

Yes

Ammonium perfluorooctanoate, purity 99.4%

At the end of 96 hours in the rangefinding study, the mortality was
0,0,0,0,0, and 60% at 0, 50, 100, 500, 1000, and 5000 mg/L,
respectively. Test substance solutions were clear and colorless
with no inscluble test substance present during the study.

In the definitive study, mean measured concentrations of
ammonium perfluorooctanoate were 554, 1090, 2280, 4560, and
9360 for the 625, 1250, 2500, 5000, and 10,000 mg/L. dose levels,
respectively. Control solutions showed no detectable
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Reference:

Mammalian Toxicity

Acute Toxicity

Type:

Species/strain:

Value:

Method:

concentrations of ammonium perfluorooctanoate. All test
substance solutions were clear and colorless with no insoluble test
substance present during the test.

All chemical and physical parameters for the definitive test were

~ within expected ranges. Total alkalinity, EDTA hardness, and

conductivity of the dilution water control were 49 mg/lL. CaCO;,
122 mg/L. CaCO;3, and 240 pmhos/cm, respectively. During the
test, dissolved oxygen concentrations ranged from 7.5-11.2 mg/L.,
pH ranged from 7.1-7.2, and mean temperature was 11.8°C (range

11.6-12.1°C).

No mortality or sublethal effects were seen in the dilution water
control fish. No mortality or sublethal effects were observed at
concentrations <2500 mg/L. At 5000 mg/L, mortality was 8/20,
11/20, 14/20, and 15/20 at 24, 48, 72, and 96 hours, respectively.
At 10,000 mg/L. all fish were dead by 24 hours.

Surviving fish exposed to 5000 mg/L. exhibited sublethal effects
such as swimming at the surface, labored respiration, dark
coloration, lethargy, partial loss of equilibrium, rapid respiration,
and efratic swimming.

DuPont Co. (1999). Unpublished Data, Haskell Laboratory Report
No. Dupont-3331.

Oral LDsy

Male rats/Crl:CD®

Male rats receiving ammonium perfluorooctancate alone:
478 mg/kg (95% confidence limits, lower 361 mg/kg. upper

571 mg/kg, slope 7.9)

Male rats receiving ammonium perfluorooctanoate and
pre-treatment of phenobarbital sodium: 547 mg/kg (95%
confidence limits, lower 517 mg/kg, upper 582 mg/kg, slope 22.1)

Male rats receiving ammontum perfluorooctanoate and
pre-treatment of proadifen hydrochloride: 520 mg/kg (95%
confidence limits, lower 450 mg/kg, upper 618 mg/kg, slope 9.8)
Ammoenium perfluorooctanoate was administered by intragastric
intubation as a suspension in corn oil in single doses to

10 rats/group at concentrations of 400, 500, or 650 mg/kg. Anocther
30 rats, 10/group, were treated by single intraperitoneal injections
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GLP:

Test Substance:

Resulis:

with agueous solutions of phenobarbital sodium at 80 mg/kg/day
for 3 days. One day after the final treatment, the rats were
administered ammoninm perfluorooctanoate by intragastric
intubation using the same treatment as described above. An
additional group of 30 rats, 10/group, were treated with an
intraperitoneal injection of aqueous solutions of proadifen
hydrochloride at 50 mg/kg. One hour after this treatment,
ammonium perfluorcoctanoate was administered by intragastric
intubation, using the same treatment as described above. The
surviving rats from all treatments were weighed and observed
during a 14-day recovery period and then sacrificed. The LDSO
values were calculated from the mortality data.

The phenobarbital sodium phase of the study was repeated. The
rats from both phases were combined and the LDsp value was based
on all 60 rats.

No

Ammonium perfluorooctanoate, purity approximately 100%

There were no significant differences in the LDso values of
ammonium perfluorcoctanoate, either when tested alone or
following pre-treatment with either phenobarbital sodium or
proadifen hydrochloride.

Mortality ratios of 2/10, 7/10, and 8/10 were observed for the rats
treated with 400, 500, and 650 mg/kg ammoniam
perfluorooctanoate, respectively. Wet and/or stained perineal area
and weight loss were observed at all levels tested. Other clinical
signs observed inclnded stained face (500 and 630 mg/kg),
weakness (300 and 650 mg/kg), and chromodacryorrhea

(500 mg/kg). All deaths occurred within 6 days after dosing.

Mortality of 0/20, 4/20, and 19/20 was observed for the rats
pretreated with phenobarbital sodium and then treated with 400,
500, and 650 mg/kg ammonium perfluorooctanocate, respectively.
Wet and/or stained perineal area, stained face, diarrhea, and weight
loss were observed at all levels tested. Other clinical signs
observed included weakness (500 and 630 mg/kg) and lethargy
(650 mg/kg). All deaths occurred within 4 days after dosing.

Mortality of 1/10, 5/10, and 8/10 was observed for the rats
pretreated with proadifen hydrochloride and then weated with 400,
500, and 630 mg/kg ammonium perfluorooctanoate, respectively.
Stained face, wet and/or stained perineal area, weight loss, and
weakness were observed at all levels tested. Other clinical signs
observed included tremors (400 mg/kg), chromadacryorrhea

(400 mg/kg), diarrhea (500 and 650 mg/kg), and lacrimation
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