
3.NiGeneral Offices 3M Center
St.Paul,'vt,\'55144-1000
612 733 1110

April21,2000

Dr.CharlesAuer3M F8[1Room 7405 F E ?71821118191
US EPA Headquarters FedExTrackingNumber forCustomer

ArielRios Bldg.
1200 PennsylvaniaAvenue, N. W.
Washington,D. C. 20460

Dear Charlie:

Pursuanttoourrecentcommunications,3M isenclosingadditionalinformationrelating
toperfluorooctanesulfonate(PFOS). We areprovidingthisinformationtoyou on a
voluntarybasisaspartof ourcontinuingdiscussionswithEPA regarding
fluorochemistry.Thisinformationincludesstudieson PFOS relatingtothefollowing
areas:(i)pharmacokinetics;(ii)teratology;and (iii)epidemiologyand medical
surveillance.A listingoftheenclosedstudieshasbeen attachedtothisletter,and
summaries alsohave been providedforeach categoryofstudies.Pleasenotethat
incorrectlyappliedlegendsrelatingtolegalprivilegesand proprietaryprotectionshave
been removed from certaindocuments. Finally,you shouldbe receivingunder separate
coveradditionalstudieson PFOS relatingtoreproductivetoxicologythat3M willalso
be submittingtotheTSCA Section8(e)docket.

3M planstoprovideyou withadditionalinformationon PFOS and otherfluorochemicals
inthenearfuture.Inthisregard,we have been tryingtocontactyou toaddressscope
and proceduralmatters,andwe hope totalkwithyou theweek ofApril24,2000.

Pleasedo nothesitatetocallme orDr.Lar7yZobel,3M's MedicalDirector,withany
questions.Ilookforwardtotalkingwithyou.

Very trulyyours,

WilliamA. Weppner,Ph.D
DirectorofEnvironmental,Health,Safety,and RegulatoryAffairs
SpecialtyMaterialsMarkets
3M
Bldg 236-IB-10
3M Center
St.Paul,NfN 55144
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AttachmentstoApril21,2000 lettertoC. Auer fromW. Weppner (RadiolabelOral
Absorptionand IntravenousPharmacoldneticStudiesinRats)

3M Technical

1. Synthesisand CharacterizationofFC-95-14C, November 2,1979.

2. Extentand Route ofExcretionand TissueDistributionofTotalCarbon-14inRats
aftera SingleIntravenousDose of FC_95_14C ,December 28,1979.

3. AbsorptionofFC-95-14C inRats aftera SingleOralDose, October26,1976

4. J.D. Johnson,et al.,Cholestyramine-EnhancedFecalEliminationofCarbon-14in
RatsafterAdministrationofAmmonium [14qPerfluorooctanoateorPotassium
[14C]Perfluorooctanesulfonate,Fundamentaland AppliedToxicolo 4,pages 972-
976(1984).
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AttachmentstoApril21,2000 lettertoC.Auer from W. Weppner (DermalAbsorption
and IntravenousPharinacokineticsinRabbits)

3M TechnicalReports

1. Single-DoseIntravenousPharmacokineticStudyofT-6246 inRabbits.3M
EnvirorunentalLaboratoryStudy# AMDT-042095.1

2. Single-DoseDeLi alAbsorption/ToxicityStudyofT-6049 inRabbits.3m
EnvironmentalLaboratoryStudy# AMDT020895.1

3. Single-DoseIntravenousPharmacokineticStudyofT-6049 inRabbits.3M
EnvironmentalLaboratoryStudy#AMDT- 112294.1
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AttachmentstoApril21,2000 lettertoC.Auer from W. Weppner (TeratologyStudiesin
Rats and Rabbits)

1. Rat TeratologyStudy T-3351 FinalReport Dec 19,1983,HazeltonLaboratories
America Project#154-160.

2. December 7,1983 LettertoMr. William C. McCormick, IIIfrom E.Marshall
Johnson,Ph.D.,reviewingdraftofabove.

3. OralTeratologyStudy of FC-95 inRats,RikerLaboratory,Experiment
068TROO08, December, 1980.

4. November 12,1982,LettertoFranklinD. Griffith,Ph.D.from E. MarshallJohnson,
Ph.D.,reviewingtheabove.

5. Oral (Stomach Tube) Developmental ToxicityStudy ofPFOS inRabbits,Study
#418-012, January 11,1999,Argus Laboratories.
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3M
Attachments To April21, 2000 LettertoC. Auer from W. Weppner
(MedicalSurveillanceand Epidemiology)

FinalReports

I.An Epidemiologic Investigationof ClinicalChemistries,Hematology and Hormones in
Relationto Serum Levels ofPerfluorooctanesulfonateinMale Fluorochenlical
ProductionEmployees. [Includedisa 3M reportofmedicalsurveillancedata.Also
includedisa publishedpaper from this3M report.]

2.FluorochemicalExposure (Serum) Assessment of(3K DecaturChemical and Film
PlantEmployees. [Includedarea 3M studyprotocoland report.]

3. MortalityStudy ofEmployees at3M PlantinDecatur,Alabama [Includedisa
UniversityofMnnesota finalreport.]

4. Determinationof Serum FluorochemicalLevelsinSumitomo 3M Employees
[Includedarea 3M studyprotocoland finalreport.]

5.AnalysisofSelectedDecatur Employee Serum forSulfonicand Carboxylic
Fluorochemicals [Includedisa 3M technicalreport.]

6.FluorochemicalControlStudy [Includedisa 3M reportofmedicalsurveillancedata.]

7.Working Memorandum on Data QualityAssessment [Includedisa Battelle
Laboratorymemorandum regardingthe mean and rangeofperfluorooctanesulfonatesera
sample datacollectedby ')M from currentand historicalhuman populations.)



Study Protocols/Prol2osalsof ongginR@e earch

1. Identificationof FluorochemicalsinSeraof ChildrenintheUnitedStates.(Included
isa 3M studyprotocol.Study ison-going.Finalreportdue January1,2001]

2. Serum fluorochemicaltrendsofout-of-countyresidentsinCLUE 1 (1974)and Clue II
(1989)epidemiologicinvestigations.(Includedisa JohnsHopkinsUniversitystudy
protocol.Study ison-going.Joint3NVJohns Hopkins Universityfinalreportisdue
January1,2001.]

3. IdentificationofFluorochemicalsinHuman Tissue.Uncludedis3M studyprotocol.
Suty ison-going.Finalreportisdue January1,2001.]

4.An EpidemiologicAnalysisoftheInpatientand OutpatientClaimsEvent and Episode
Experienceof3M-Decatur Employees, 1993-1998. [Includedisa 3M studyprotocol.
The studyison-going. Finalreportisdue September 15,2000.]

5. Determinationof Serum EliminationHalf-LivesofAmmonium Perfluorooctanoate,
PerfluorooctaneSulfonicAcid,PerfluorohexaneSulfonicAcid and TotalOrganic
FluorineinDecatur ChemicalPlantRetirees.[Includedisa 3M studyprotocol.The
studyisor.-going.Finalreportisdue June 1,2004. Interimdraftreportswillbe issued.]
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Sunwary

The synthesis of a 20.0 9 lot of FC-95-14C (carbon-14 label a to sulfur atom)
is described. The specific activity is 0.459 ± 0.008 UCi/mg. Thin-layer
and column chromatography showed the pC-95-14C to be at least 99% radio-
chemically pure. The FC-95-14C was found suitable for metabolism studies.
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Introduction

A series of experiments is planned to investigate the metabolism of rc-95
(a sulfonic acid salt) and the possibility of FC-807 being biotransformed
to FC-95 and/or the alcohol (FM-3422). To facilitate these experiments,
carbon-14 labeled FC-95 was synthesized and characterized. The synthetic
pathway illustrated in Figure 1 is described.
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A. Synthesis of FC-95-14C

I. Fractional Distillation of c
7
F
15

CF
2
so

2
F (Step 1)

The crude cell drainings from cell run R-3256-B were filtered through

glass wool to remove the cell tars. The fluorochemical product was

washed twice with cold, dilute saturated KHCO and twice with water;

the product was dried over silica gel. A yield of 293.7g of base-

washed cell drainings was obtained from cell run R-3256-B. GLC

analysis showed 71.1% C
a
F
17

SO
2
F. One hundred sixty grams of the base-

washed cell drainings was purified by fractional distillation
(see Table 1) . Analysis for percent C

8
F

7
SO

2
F was done by gas chroma-

tography (area percent). Fractions 11-1@ were combined to give

98.3 g of product which was found to contain 98.15% C
8
F
17

so
2
F.

Il. Preparation of FC-95-
14

C (KO
3
S*CF

2
c
7
F
15
)

Water (31.1g) and potassium hydroxide pellets, (85% assay, 15.53g)

were added to a 500 ml three-necked round-bottomed flask which had

been equipped with a reflux condenser, thermometer, an air-driven
mechanical stirrer, Tru-Bore@ stirrer assembly and a small, pressure-

equalized addition funnel. The flask contents were heated to 78-BOOC.

Fractional C F *CF SO F (27.0g, 98.15% assay) was added dropwise
7 A5tio2 f2

through the ad i n unnel at a rate sufficient to maintain the tempera-

ture between 80-830C. Gummy, white solids were formed during the addi-

tion. Upon completion of the addition of the radioactive perfluoro-
octane-sulfonyl fluoride, the mixture was heated at 850C for 3 hours.

At the end of the three hour reaction time, the gummy mass had broken

into smaller solid pieces. Water (10.8 ml) was added. The pH of the

solution was - 13.5. The upper aqueous phase was removed (aspirator)
and the solids were washed successively with water (54.0 ml) at

45-500C. The solids were washed once more with water (17.8 ml),

stirred at a high agitation rate, and the upper aqueous phase was
discarded. Isopropanol (19.15g) and water (17.0g) were added to the

solid product, and the mixture was heated at reflux temperature for one

hour. All of the solids had dissolved after heating the mixture for

one hour. The flask contents were poured into a glass evaporating dish.

The flask was washed with isopropanol (24.7 ml)-water (17.0 ml).
Concentration of the product was done on a steam bath. A final drying

of the potassium perfluorooctane sulfonate was done at 600C for 3 hours

in a vacuum desiccator. The dry powder was triturated once with
Freon 113 to remove small traces of silicon oil impurity used as

stirrer lubricant
i4

The dried product (27.8g) was assigned the following

L number: FC-95- C, 20.0g, L-4544.

FC-95 normally is produced from one-plate distilled perfluorooctane-

sulfonyl fluoride (assay 66-67%). The high assay C F *CF SO F (98.15%)

will also be used to prepare FC-807-14C.
7 15 2 2
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B. Specific Activity Determination of FC-95-
14

c

Three standard solutions of FC-95-14C@@
(L-4544, see Synthesis Section)

were prepared by weighingb- 1, 25.00 mg; 11, 26.84 mg; and, 111, 26.79 mg
into three 25 ml class A volumetric flasks. Solution I was prepared with
methanol and solutions II and III were prepared with a 1:1 mixture
(volume:vol=e) of water and methanol. The volumes were adjusted to 25 ml
with the appropriate solvent and mixed by inverting by hand. Calibrated
micropipettorsc were used to aliquot six 10 Ul and six 50 ul aliquots of
each solution directly into scintillationcounting vials. To three of the
vials containing 10 ul aliquots and to three containing 50 ul aliaunts
from each primary solution, 1 ml of water and 15 ml of Aquasol@d were added.
The remaining vials were prepared with 2.5 ml of methanol and 7.5 mi of
MTSSI. The samples were cooled to refrigerator temperature and allowed to
equilibrate in the dark before they were counted two times at 5 minutes each
with a Packard Model 3385 Liquid Scintillation Spectrometer. The counting
efficiency was determined for each sample by the internal standard method.
The averaged data were reduced to dpm and the UCi/mg was calculated for each
vial. The data are shown in Table 2. The mean UCi/mg found for each of the
weighings was within 2% of each of the other means. The means between
Aquasol(Dand MTSS were within 1.2% and the means between 10 ul and 50ul
were within 1.3%. The overall average specific activity based on the 36
replicates (12 from each primary weighing) was 0.459 ± 0.0080 UCi/mg.

C. Radiochemical Analysis of FC-95-
14

c

I. Thin-Layer Chromatography Systems and Carbon-14 Analysis

The analysis of radiochemical purity was carried out with a variety of
thin-layer chromatography systems using either SGF 250 micron pre-scored
Uniplates=.or pre-adsorbent SGF 250 micron pre-scored Uniplates,.f-.
Plates were routinely developed in 10"xl2"x4" thin-layer tanksz fitted
with glass lids and lined with saturation pads.-g.Plates were allowed to
develop 15 cm and were scraped laterally in 0.5 cm wide segments. The
scraping was accomplished with a custom-made template and sharpened
stainless steel spatula ground to exactly 0.5 cm width.

a
Riker Isotope Number 442.

11Weighings were accomplished on a 5-place Mettler H64 electronic

c
balance which had been recently calibrated by 3m Metrology.
L/I Micropipettor, Lab Industries, Berkeley, California.

New England Nuclear, Boston, Massachusetts.

Modified TSS:25.2 g PPO, 1.Olg Dimethyl POPOP and 3.8 liters toluene.

Analtech, 75 Blue Hen Drive, Newark, Delaware.

Supelco Inc., Bellefonte, Pennsylvania.
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The scraped silica gel segments were collected in scintillation vials
containing 2.5 ml of methanol. To the methanol, 7.5 ml of MTSS was

added. The samples were counted and the counts per minute (cpm) were

corrected for background using a suitable blank (usually two 0.5 cm

segments scraped from below the origin on the plate being assayed).

The cpm were not corrected for efficiency. The carbon-14 content of
each segment was expressed as percent of total carbon-14 on the plate:

cpm on segment
x 100 carbon-14 content in segment.

sum of cpm on plate

The perc en tcarbon-14 content of each segment was plotted versus segment

number. This provided a thin-layer radiochromatogram showing the radio-
activity peaks corresponding to separated components in the material

applied to the plate.

II. Solutions Used for Radiochemical Purity Analysis

Solution 1: The FC-95-
14

C made from 25.00 mg of FC-95-
14
C in 25.0 ml

methanol described in the section on Specific Activity Determination,

this reportwas designated as Solution 1.

Solution 2: 28.12 mg of FC-95-
14

C, L-4544, (Riker Isotope Inventory
Number 442) was placed into a 10 ml volumetric flask and the volume

adjusted to 10 ml with methanol. The solution was inverted several
times to ensure mixing.

III. Column Chromatography of FC-95-
14

c

A silicic acid (Unisil2@)column was prepared by pouring a chloroform

slurry of silicic acid into a 14mm I.D. glass col@@b to a height of

21 cm. A 1.0 ml aliquot of Solution 2 was applied to the top of the
column. Three successive 200 ml fractions were collected after applying

200 ml of CHC1
3
, Fraction 1; 200 ml of chloroform-methanol 1:1 (volume:

volume), Fraction 2; and 200 ml of methanol, Fraction 3. Each of the

200 ml fractions was evaporated with a rotating evaporator, transferred
to a 12 ml centrifuge tube, evaporated to near dryness with a stream

of nitrogen, and reconstituted with 0.20 ml of chloroform-methanol 1:1

(volume:volume). Fifty microliters was applied to thin-layer plates

and analyzed as described previously.

IV. Results and Discussion

Since the chemical identity of the FC-95-
14
C is well established by

synthesis (see synthesis of FC-95-14C, this report), unlabeled FC-95
was not co-chromatographed with the labeled FC-95-14C. The results

of the radiochemical purity analysis of FC-95-14C by thin-layer

chromatography are shown in Table 3 and in Figures 2-5. These analyses

did not discern any impurities in FC-95-14C. Thin-layer analysiz of

three column fractions from a silicic acid column showed 99.1% of the

radioactivity recovered in Fraction 2 (1:1 chloroform-methanol)

(see Figure 6). Fraction 3 (methanol) contained 0.8 per cent of the

Unisil, Activated Silicic Acid, 100-200 mesh. Clarkson

Chemical Company, Inc., Williamsport, Pennsylvania.

Column was fitted with a sintered-glass base and stopcock.
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recovered radioactivity (see Figure 7). The impurity contained in
Fraction 3 has a different R (0.40) from that of FC-95 (0.27) in the

fsame solvent systems. The ifmpuritywas not identified.

Overall, the radiochemical purity of FC-95-
14
C is at least 99%. The

FC-95-14C is suitable for metabolism studies.

Acknowledgement

The authors gratefully acknowledge the gas chromatographic analysis
of the carbon-14 labeled C F CE SO F fractionsdone by Mr. Todd

7.15 1. 2 .
Mathisen of Co-m rcial Chemicals ivision and the assistance of
John C. Hansen and Larry Headrick during the electrochemical
fluorination of labeled C

7
F
is

CF
2
so

2
F.



8.

List of Tables and Figures

Table 1: Data from Fractional Distillation of Base-washed

c
7
F
15

*CF
2

so
2
F.

NB 50942 p. 34,35.

Table 2: Specific Activity Determination of FC-95-14 C.

NB 51312 p. 33.

Table 3: Thin-Layer Chromatography Systems for FC-95-
14

C.

NB 51807 p. 21.

Figure 1. Pathway for Synthesis of FC-95_14C.

NB 50942 p. 36.

Figure 2: Thin-Layer Radiochromatogram Plate 1.

NB 51807 p. 4.

Figure 3: Thin-Layer Radiochromatogram Plate 2.

NB 51807 p. 4.

Figure 4: Thin-Layer Radiochromatogram Plate 3.

NB 51807 p. 5.

Figure 5: Thin-Layer Radiochromatogram Plate 4.

NB 51807 p. 5.

Figure 6: Thin-Layer Radiochromatogram of FC-95-
14

c

Silicic Acid Column Eluent, Fraction 2
(Chloroform-Methanol).

NB 51807 p. 18.

Figure 7: Thin-Layer Radiochromatogram of FC-95-
14

c

Silicic Acid Column Eluent, Fraction 3 (Methanol)

NB 51807 p. 18.



9.

Table 1

Data from Fractional Distillation of Base-Washed c
7
F
is

CF
2
so

2
F

0
Yield

Area %2@

Fraction bP C
(g) LB'S.@ CSF,B

C6Fl3SO2F
C8F F HBIS

c

C7Fl5So2F 17SO2

1 < 40 4.3 99.3
2 < so 10.8 95.3 2.30 0.12 2.20 ---

3 80-83 8.7 80.99 8.82 0.95 7.86 ---

4 83-92 4.1 73.55 12.46 1.55 13.36
5 92-94 5.7 63.63 15.39 2.17 18.94

6 94-97 4.3 50.23 18.54 3.09 27.52 ---

7 97-104 1.8 41.92 21.18 3.80 32.42 ---

8 104-108 2.5 22.02 18.90 5.27 53.51 ---

9 108-118 1.8 12.16 15.03 5.82 66.66 ---

10 118-123 2.7 6.17 11.12 5.84 76.78 ---

11 126-128 9.4 7.23 5.44 5.33 87.53 ---

12 128-130 7.1 0.49 1.93 4.39 95.66 ---

13 131- 33 9.4 --- --- 0.43 96.64 0.46

14 138- 40 31.2 --- 1.52 97.92 0.49
15 > 140 16.0 --- 0.22 99.55 0.09

16 --- 25.2 --- --- 0.058 93.22 ---

Bottoms --- --- --- --- --- 5.13 64.0

Blend FR 11-16 98.15

Area percent was determined by gas chromatographic analysis.

Low boiling non-functional fluorocarbons below C
8
F
18*

High-boiling,unidentified fluorocarbons boiling above C
8
F
17

so
2
F.
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Table 2

Specific Activity Determination of PC-95-
14

C

Comparison of Primary Solutions

Solution I Solution II Solution III

(25.00 mg/25.0 ml) (26.84 mg/25.0-mi) (26.79 mg/25.0 mi)

pci/mg lici/mg ]'Ci/mg

0.4535 0.4610 0.4660

0.4558 0.4530 0.4647

0.4582 0.4535 0.4598

0.4658 0.4652 0.4532

0.4816 0.4607 0.4554

0.4736 0.4611 0.4644

0.4521 0.4565 0.4425

0.4637 0.4422 0.4576

0.4589 0.4486 0.4567

0.4637 0.4540 0.4625

0.4653 0.4576 0.4490

0.4685 0.4518 0.4513

X + S.D. 0.4634 + 0.0085 0.4554 + 0.0063 0.4569 + 0.0071

Comparison of Scintillation Solvents Comparison of 10 pl and 50 ul Aliquots

MTSS Aguasol -10 ul 50 pl

lici/mg pci/mg pci/mg lici/mg

0.4658 0.4535 0.4535 0.4521

0.4816 0.4558 0.4558 0.4637

0.4736 0.4582 0.4582 0.4589

0.4637 0.4521 0.4658 0.4637

0.4653 0.4637 0.4816 0.4653

0.4685 0.4589 0.4736 0.4653

0.4652 0.4610 0.4610 0.4685

0.4607 0.4530 0.4530 0.4565

0.4611 0.4535 0.4535 0.4422

0.4540 0.4565 0.4652 0.4486

0.4576 0.4422 0.4607 0.4576

0.4518 0.4486 0.4611 0.4518

0.4532 0.4660 0.4660 0.4425

0.4554 0.4647 0.4647 0.4576

0.4644 0.4598 0.4598 0.4567

0.4625 0.4425 0.4532 0.4625

0.4490 0.4576 0.4554 0.4490

0.4513 0.4567 0.4644 0.4513

+ S.t).0.4614 0.0084 0.4558 0.0067 0.4615 + 0.0076 0.4557 0.0075



Table 3

14
Thin-Layer Chromatography Systems for FC-95- C

Plate
Type

Solvent

No.
of

Systeff6.-a-
R
f

of F(

Plate

1 Uniplate 50 chloroform

50 acetone 0.17

2 Uniplate 100 chloroform
100 methanol 0.70

2 acetic acid c

3 Uniplate loo butanol

10 water 0.67

10 acetic acid c

4 Uniplate 150 chloroform

50 methanol 0.30

5 ammonium hydroxidec

5 Pre-adsorbent loo butanol

Uniplate 10 water 0.67

10 acetic acid C

Solvents were prepared volume:volume; a loo ml aliquot of solvent

mixture was added to chromatography tank.

b

-f
is of only radioactive peak on plate.

C Acetic acid and ammonium hydroxide were concentrated.
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Figure 1

Pathway for Synthesis of FC-95-
14

c

ECF
c H CH SO F2@ '!wC F CF
7 is 2 2 HF 7 15 2

so
2
F

R-3256-B

C F
Fractional

7 is
CF

2
so

2
F Distillaf-i-on-30c7

F
is

CF
2
so

2
F

Assay 71.1% Assay 98.15%

I + 2KOH
H 2

0
-110 KO SCF C F

BOOC 3 2 7 15
FC-95-14Cb

Denotes position of Carbon-14.

2@C
7 H is

CH
2
so 2F was prepared by Pathfinder Laboratories.

FC-95
_14C_,_ potassium perfluorooctanesulfonate.
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Figure 2

Thin-layer Radiochromatogram of
FC-95-14C, Plate No. 1

SGF Uniplate: 100 chloroform
100 acetone

60.
Total CPM on Plate 39770

50.

40,

0

30.

0
E-

4-4
0

4-1
r_ 20.
Q)
u

10.

0

0 1 2 3 4 5 6 7 8 9 lo 11 12 13 14 1S
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Figure 3

Thin-layer Radiochromatogram of
FC-95-14C, Plate No. 2

SGF Uniplate: 100 chloroform
100 methanol

2 acetic acid

60. Total CPNI on Plate 41058

so

40-

0
m:

30.Cd
41

0
E-

0

-W

r_ 20.
0
u

10-
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Figure 4

Thin-layer Radiochromatogram of
FC-95-14C, Plate No. 3

SGF Uniplate: 100 butanol
10 water
10 acetic acid

60. Total CPM on Plate 38549

50-

40-

30.

20.

10.

0.
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Figure 5

Thin-layer Radiochromatogram of
FC-95-14C,l Plate No. 4

60. SGF Uniplate: 1SO chloroform
50 methanol
5 ammonium hydroxide

Total CPM on Plate 40842

so.

(D

ce
40
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ct
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Figure 6

14
Thin-layer Radiochromatogram of

FC-95- C Silicic Acid Column Eluent, Fraction 2
(Chloroform-Methanol)

Pre-adsorbent SGF Uniplate: 100 chloroform
35 methanol

60.
5 ammonium hydroxide

Total CPM on Plate 429.9720

so.

40.

0

04

u

r-4 30.
ce
+i
0
E -

t4-4
0

4-1

r_ 20.
CL)
u

10.

0.

0 1 2 3 4 5 6 7 9 10 11 12 13 14 is

Distance from Origin
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Figure 7

14
Thin-layer Radiochromatogram of

FC-95- C Silicic Acid Column Eluent, Fraction 3
(Methanol)

60.
Pre-adsorbent SGF Uniplate: 100 chloroform

35 methanol
5 ammonium hydroxide

Total CPM on Plate 3565

so.

Cd
40

0

u
V.-I 30.ct
41

0
E -
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r_ 20.a)
u

10.

0 T:!:%
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Summary -2-

By 89 days after a single iv dose of FC-.95-14C(meandose, 4.2 mg/kg) six
male rats excreted a mean of 30.2% of the total carbon-14via urine. Mean
cumulative fecal excretion was 12.6%. At 89 days, mean tissue concentration
of total carbon-14 expressed as Ug FC-95-14Cequivalents/gwere: liver,
20.6; plasma, 2.2; kidney, 1.1; lung, 1.1; spleen, 0.5; and bone marrow,
0.5. Lower concentrations (< 0.5) were measured in adrenals, skin, testes,
muscle, fat, and eye. No razioactivity(< 0.05) was detected in brain.
The carbon-14 in liver and plasma represents 25 and 3 percent of the dose,
respectively.

Introduction
F

c
7
F
15
*c-so

3

* Denotes position of carbon-14

FC-95 is the potassium salt of a perfluorinatedsulfonicacid. A series
of experimentshas been planned to investigatepossiblemeans of increasing
the rate of elimination of FC-95 from the body. FC-95 absorption, elimination
from plasma, and excretion data were neces ary to form a basis for efficient
design of these experiments. This FC-95-'ZC intravenousexperiment (FC-
Experiment 3) which was designed to provide data on the

4
route and extent

of total carbon-14 excretion was paired with an FC-95-1 C oral dosing
experiment which was designed to provide data on total carbon-14 absorption
and elimination from plasma. (2) In addition, these FC-95 absorption,
plasma elimination,and excretion data will be used to interpretand guide
other experiments on the possible biotransformationof FC-807 (3) to FC-95.

Methods

Radiolabeled FC-95-14C

The carbon-14 label is at the position a to the sulfur atgm (see above
structure). The specificactivityof this lot of @@-95-'qC(RikerIsotope
Inventory Number 442) is 0.459 uCi/mg. The FC-95- C was found to be
suitable for metabolismstudies; detailsof the synthesis,specificactivity
determination,and radiochemicalpurity determinationhave been reported. (1)

Animals

Six male Charles Rivera CD rats, eight weeks old, were conditioned to
individualmetal metabolism cages for 24 hours prior to dosing. The body
weights ranged from 262 to 303 g, mean 288 g. The rats were allowed free
access to Purina-bGround Chow and water before and after dosing.

Dosing

Each rat was weighed, anesthetized with diethyl ether, and then given a
single iv dose (via tail vein) of FC-95-14C. The dose was 2.0 ml of a
0.9% NaCi solutioncontaining 1.21 mg FC-95-14C/2.0mi. The average
dose was 4.2 mg/kg. The dose was delivered with a 3.0 cc disposable
plastic syringe (Monoject6S)fitted with a 26 gauge 1/2" needle. The

Charles River Breeding Laboratories, Wilmington, Mass.

Purina Lab Chow, Ralston Purina Company, St. Louis, Missouri.

Sherwood Medical Industries, Inc., Deland, Florida 32720.
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dosing solutionwas prepared by adding 96200 mg of FC-95-14C to 0.9% NaC),
shaking for one-half hour at moderate speed in a mechanicalshaker, and
centrifuging. The supernatantwas removedand used for dosi

'
ng solution.

The carbon-14content of the dosing solutionwas determinedby direct
counting (seeAppendix 1).

Sample Collection

Urine and feces were collected at intervals(seeTablesI and 2) for each
of the six ratsfor 89 days. At 89 dayspost dose,the ratswere anesthetized
with diethylether;bloodwas drawn fromthe descending aortaand immediately
transferredto a heparinizedtube. Plasma was prepared promptlyby
centrifugation.The ratswere sacrificedby axsanguination;and spleen,
liver,brain, testes,adrenals,kidneys,lungs,and eyes were collected
as whole organs. Bone marrow was obtained from the four major bones of the
rear legs by splittingthe bone and collectingthe marrow on piecesof a
tared combustionpada-. Samples of skin, thigh muscles, subcutaneousand
abdominalfat, and the total remainingcarcasswere collected.

Sample Analysis for Carbon-14

Feces and major organs were prepared for carbon-14 analysis by homogenizing
and aliquoting a sample of the homogenate into combustion cone@@. Homo-
genizingwas done in Waring blendersby adding nine parts of water (wlw)
to one part of biologicalmaterial. The homogenateswere weighed into
combustioncones in triplicateon a top-loadingbalance by taringthe
cone and adding 1.0 9 of the homogenate. Care was taken to mix the
homogenatebetween samplings. Urine, red blood cells, and plasma were
measured into combustioncones by weight. Whole eyes, adrenals, and
samples of bone marrow, skin and fat were also weighed in combustion
cones. Care was taken to weigh these samplespromptly (1-2minutes)after
removal in order to avoid lossof weight by drying. Homogenates,tissue
samples weighed directly, and weighed samples of plasma, red blood cells,
and urine were combustedwith a Packard Model 306 Oxidizer. Recovery of
carbon-14 from biologicalsamples was determined by combustingsuitable
blank homogenates(feces,liver, musci

T4
and spleen)and blank rat

plasmaspikedwith dilutionsof FC-95- C dosing solutionat the beginning,
middle,and end of the experimentalsample set (seeAppendix2). Urine
collectionswere sampled before freezingand were counted directly;
triplicate1.0mi aliquotsof each samplewere pipetteddirectlyinto
scintillationvials and 15 ml Aquaso]Owas added. All sampleswere cooled
to refrigeratortemperaturein the dark beforecounting. All radiometric
analyseswere done using a PackardModel 3385 Tri-Carb Liquid Scintillation
Spectrometer.

Countingefficiencyfor each sample was determinedby use of the AES (Auto-
matic ExternalStandardization)ratio method. To calibratethe external
standard, internalstandardwas added to selected samples from the group
of samples (threewith low AES ratiosand threewith high ratios),and
these samples were recountedalong with a sealed standard. Data were
collected on punch tape and processed by the CDC 1700 Computer System in
the 3M Central Research Data ProcessingLaboratory. Data reductionto dpm
was accomplishedwith the BiologicalAutomatic External Standardization
computer program.

Packard InstrumentCompany, Inc., 2200 Warrenville Road, Downers Grove, IL.
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Results and Discussion

The results of the fecal and urinary analyses are shown in Tables I and 2
and in Figures I and 2. Tables I and 2 list the total carbon-14 expressed
as percent of dose. The data are expressed as cumulative percent of dose
excreted versus time in Figures I and 2. As illustrated in Figures I and
2, excretion of total carbon-14 is slow. By 89 days after dosing,
total excretion (urine + feces) is only 43 percent of the dose. Radioactive
content in feces was too low to measure after 64 days; total carbon-14
excreted is thus the sum of fecal excretion (o to 64 days) and urinary
excretion (0 to 89 days). The mean ratio of cumulative excretion of
total carbon-14 in urine (30.2%) to that in feces (1.2.6%)was 2.4 t 0.2.
This is in contrast to the ratio of cumulative excretion of total carbon-14
in urine to that in feces (< 0.1)at 124days post dose reported

4
after a

single iv dose of FC-807-14C-.(3) Tibisindicates that FC-807-1 C is not
likely extensively biotransformed to FC-95-14C. Since 50-60 percent of the
FC-95-14C dose was not excreted by either feces or urine at 89 days post
dose, selected tissues were analyzed for carbon-14 content to identify
those tissues in which total carbon-14 might be retained.

The results of the tissue analyses are shown,4n Table 3. Mean tissue
carbon-14 concentrations above one Ug FC-95- C equivalents/g were as
follows: liver, 20.6; plasma, 2.2; kidney, 1.1; and lung, I.I. Other
tissues such as muscle, skin, bone marrow, and spleen had concentrations
ranging from 0.2 to 0.6 ug/g. There was a difference in carbon-14 content
of subcutaneous fat (0.2 pg/g) and abdominal fat (< 0.08pg/g). Very little
total carbon-14 was found in whole eye (0.16 ug/g) and no detectable total
-carbon-14 was found in brain. There is a strikingdifference in the pattern
of total carbon-14 etention when liver, bone marrow, and spleen after iv
dosing with FC-95-1 C is compared to thq,pattern of retention found for
these tissuez after dosing with FC-807-'4C. (3) The mean carbon-14 content
for FC-807-1 C dosed rats normalized to liv r-c@ntent are: liver, 1.0;
spleen, 8.9; and bone marrow, 2.4. For FC-;5 1 C dosed rats, the mean
ratios are liver, 1.0; spleen, 0.02- and bone marrow, 0.02. Since the
spleen/liver ratio following FC-95-14C is 8.9 and bone marrow/liver
is 2.4, this data supports the conclusion that FC-807 is not extensively
or rapidly biotransformed to FC-95.

The total carbon-14 contents expressed as percent of dose for
selected whole organs and plasma and red blood cells are listed
in Table 4. Only liver and plasma contain a substantial percent-
age of the dose at 89 days post dose. The low levels of radioactivity
found for kidney, lung, testes, and spleen, are (in view of the
relatively high carbon-14 content of plasma and red blood cells)
due in part to the blood still contained in these organs when homogen-
ized and analyzed.
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Excretion of Total Carbon-14 in Urine
in Rats after a Single Intravenous Dose

of pC-95-14C (mean Dose, 4.2 mgag)

collection Rat Number
MeanPeriod(days) 1 2 3 4 5 6

0-0.5 i.os@@- 0'69 1.03 0.77 1.03 0.86 0.91
0.5-1 0.70 0:90 0.72 0.60 0.77 0.94 0.77
1-2 1.56 1.11 1.47 0.78 1.08 1.27 1.21
2-3 1.31 1.05 1.14 0.68 0.91 1.11 1.03
3-4 1.16 0.87 1.06 0.68 0.93 0.85 0.93
4-5 1.09 0.80 0.81 0.60 0.80 0.90 0.83
5-6 0.86 0.72 0.67 0.49 0.76 0.77 0.71
6-7 1.07 0.71 0.75 .0.52 0.74 0.75 0.76
7-8 0.90 0.69 0.85 0.54 0.76 0.74 0.75
8-9 0.86 0.57 0.70 o.60 0.68 0.67 0.68
9-10 0.82 0.66 0.79 0.59 0.48 0.74 0.68

10-11 0.60 0.36 0.65 0.64 0.63 0.64 0.59
11-12 0.62 0.52 0.54 0.69 0.55 0.57 0.58
12-13 0.56 0.53 0.63 0.60 0.60 0.59 0.59
13-14 0.55 0.53 0.51 0.58 0.57 0.55 0.55
14-15 0.65 0.51 0.46 0.57 0.55 0.51 0.54
15-16 0.54 0.48 0.56 0.45 0.58 0.46 0.51
16-17 0.57 0.43 0.40 0.45 0.48 0.55 0.48
17-18 0.53 0.40 0.34 0.35 0.49 0.44 0.43
18-19 0.41 0.39 0.28 0.42 0.38 0.46 0.39
19-21 0.93 0.81 0.79 0.77 0.84 0.92 0.84
21-23 0.91 0.75 0.69 0.77 0.66 0.88 0.78
23-25 0.63 0.59 0.59 0.66 0.70 0.77 0.66
25-27 0.76 0.67 0.64 0.66 0.68 0.64 0.68
27-29 0.73 0.66 0.73 0.68 0.66 0.64 0.68
29-32 1.04 0.88 0.69 0.89 0.82 0.86 0.86
32-36 1.06 1.05 1.16 1.21 1.14 0.66 1.05
36-40 0.97 1.08 0.97 1.01 1.01 0.91 0.99
40-43 0.59 0.58 0.88 0.82 0.79 0.83 0.75
43-47 0.59 0.78 1.00 0.94 0.96 1.25 0.92
47-50 0.70 0.52 0.66 0.70 0.69 0.79 0.68
50-54 0.52 0.77 0.82 0.83 0.75 0.98 0.78
54-57 0.63 0.56 0.62 0.63 0.58 0.61 0.61
57-61 0.56 0.82 0.74 0.89 0.81 0.94 0.79
61-69 1.38 1.33 1.41 1.64 1.66 1.59 1.50
69-78 1.51 1.77 1.49 1.60 1.64 1.81 1.64
78-89 1.59 2.03 1.97 2.06 2.45 2.39 2.08

TOTAL 31.6 28.6 30.2 28.4 30.6 31.8 30.2

2@Data are expressed as percent of dose excreted during collection period.



Table 2

Excretion of Total Carbon-14 in Feces

in Rats after a Single Intravenous
Dose of FC-95-14C (mean Dose, 4.2 mgag)

Collection
Period Rat Number

Mean(days) 1 2 3 4 5 6

0-0.5 0.0432@ - 0.069 0.004 0.178 - 0.049
0.5-1 0.711 0.780 0.919 0.988 0.777 0.877 0.842
1-2 0.955 0.770 0.865 0.465 0.682 1.032 0.795
2-3 0.761 0.572 0.726 0.466 0.6S2 0.719 0.649
3-4 0.736 0.604 0.599 0.667 0.639 0.689 0.656
4-5 Or.764 0.630 0.606 0.395 0.538 0.529 0.577
5-6 0.636 0.595 0.352 0.397 0.502 0.578 0.510
6-7 0.560 0.464 0.911 0.434 0.522 0.635 0.588
7-8 0.539 0.423 0.832 0.306 0.343 0.451 0.482
8-9 0.441 0.336 0.597 0.337 0.411 0.401 0.421
9-10 0.478 0.400 0.342 0.299 0.371 0.433 0.387
10-11 0.524 0.407 0.327 0.295 0.294 0.372 0.370
11-12 0.311 0.278 0.240 0.304 0.269 0.374 0.296
12-13 0.319 0.279 0.301 0.363 0.300 0.296 0.310
13-14 0.351 0.255 0.280 0.299 0.222 0.278 0.281
14-15 0.328 0.233 0.265 0.309 0.247 0.275 0.276
15-16 0.291 0.276 0.276 0.252 0.252 0.283 0.272
16-17 0.246 0.174 0.174 0.176 0.190 0.164 0.187
17-18 0.228 0.130 0.171 0.156 0.117 0.178 0.163
18-19 0.124 0.105 0.170 0.111 0.110 0.153 0.129
19-21 0.378 0.274 0.295 0.294 0.325 0.301 0.311
21-23 0.357 0.258 0.280 0.303 0.276 0.340 0.302
23-25 0.088 0.349 0.294 0.255 0.280 0.308 0.262
25-27 0.288 0.176 0.138 0.204 0.218 0.226 0.208
27-29 0.266 0.140 0.197 0.181 0.149 0.280 0.202
29-32 0.270 0.114 0.220 0.260 0.239 0.237 0.223
32-36 0.570 0.366 0.490 0.646 0.587 0.499 0.526
36-50 1.397 1.074 l.S62 1.768 1.352 2.028 1.530
50-64 1.086 0.663 0.957 1.125 0.452 0.712 0.833

TOTAL 14-0 11.1 13-5 12.1 11.5 13.6 12.6

Data are expressed as percent of dose excreted during collection period.
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Table 3

Tissue Distribution of Total Carbon-14
in Rats at 89 Days after a Single Intravenous

Dose of FC-95-14C (Mean Dose, 4.2 mgag)

Rat Number
1 2 3 4 5 6 Mean

-Tissue
a

ug/9
b

lig/g iig/g pgzi pg/g-- pg/-g lig/g

Liver 17.17 21.46 21.22 22.25 18.99 22.27 20.56

Plasma 2.37 2.17 2.37 2.27 2.05 2.05 2.21

Kidney 1.05 0.89 1.10 1.20 1.10 1.22 1.09

Lung 0.98 0.90 1.03 1.31 1.10 1.03 1.06

Spleen 0.48 0.50 0.51 0.57 0.48 0.49 0.51

Bone Marrow 0.41 0.43 0.39 0.79 0.35 0.38 0.46

Red Blood Cells 0.43 0.59 0.58 0.37 0.37 0.34 0.45

Adrenals 0.44 0.42 0.49 0.32 0.35 0.41 0.41

Testes 0.33 0.33 0.35 0.41 0.35 0.37 0.36

Skin 0.38 0.38 0.35 0.32 0.34 0.32 0.35

Muscle 0.41 0.31 0.31 0.29 0.26 0.18 0.29

Subcutaneous 0.15 0.28 0.19 0.27 0.13 0.15 0.20
Fat

Eye 0.18 0.15 0.16 0.18 0.13 0.16 0.16

Brain and abdominal fat were also assayed but level of carbon-14 was too low to

quantitate (< 0.08 pg/g) in abdominal fat, and too low to detect in brain (< 0.05 jig/g).

b 14
Total carbon-14 concentration is expressed as ug equivalents of FC-95- C/g.
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Table 4

Percent of Dose Present in Tissues
at 89 Days after a Single Intravenous

Dose of FC-95-14C (mean Dose, 4.2 mg/@kg)

Rat Number
Tissue 1 2 3 4 5 6 Mean

% % t % % % %

Liver
a

20.16 27.11 25.39 29.06 24.96 24.58 25.21

Plasmat -2.81 2.82 2.84 3.00 2.75 2.64 2.81

Red Blood 0.42 0.64 0.58 0.41 0.41 0.37 0.47
ceiisc-

Kidney2@ 0.27 0.22 0.24 0.30 0.27 0.30 0.27

Lung
a

0.15 0.11 0.12 0.17 0.13 0.11 0.13

Testes@t 0.10 0.09 0.11 0.12 0.10 0.10 0.10

Spleen
a

0.02 0.02 0.02 0.03 0.02 0.02 0.02

2@ Data is expressed as percent of dose present in whole organ.

b
Data is estimate of percent of dose present in plasma.

Plasma volume = 31.3 ml/kg body weight (4 ).

Data is estimate of percent of dose present in red blood cells.
Red blood cells = 26.3 ml/kg body weight (4



Figure I

Cumulative Excretion of Total Carbon-14 in Urine

after a Single IV Dose of FC-95-
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Figure 2

Cumulative Excretion of Total Carbon-14 in Feces

after a Single IV Dose of FC-95-
14
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Appendix 1

Determination of Carbon-14 Content of Dosing Solution

Just prior to dosing of rats, the PC-95-14 C dosing solution was sampled with
calibrated micropipettorsk directly into counting vials. Six 10 ul and six
50 ul aliquots were pipetted, 1 ml of water and 15 ml of Aquasol(b were added@-,
corrections were made for background and counting efficiency and, using the
specific activity of FC-95-14C already deterinine4ir@,the uCi/2.0 al was
calculated. The data are shown in Appendix Table 1. The dose administered
each rat is 2.0 ml of solution containing 0.553 UCi of pC-95-14C which is
1.21 mg of FC-95-14C. This is a mean dose of 4.2 mg/kg.

L/I Micropipettor, Lab Industries, Berkeley, California.

Aquasol(D was found to be a suitable solvent-scintillent
for FC-95-14C during specific activity determination (1).

Specific activity = 0.459 uCi/mg. Specific activity
determination has been reported (1).
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Appendix

Table I

Carbon-14 Content of Dosing Solution

IO.UL Aliquot 50.)j)-Aliquot
uci/2.0 mi pCi/2.0 ml

0.5602 0.5624
0.5554 0.5532

0.5614 0 5290

0.5628 0.5390
0.5612 0.5382

0.5554 0.5534
Overall average 0.5526

0.553
1.21 mg FC-95- 14

C/2.0 miO.V5T6 pCi4mgm ... ....



Appendix 2

Recovery of Total Carbon-14 from Blank
Biological Samples Spiked with FC-95-)4c

The good recovery of total carbon-14 from combusted FC-807-14Cin biological
samples has been re orted. (3) Since the carbon label is cLto the sulfur
atom in both FC-95-14C and the components of FC-807-14C, it is reasonable
to expect that good recovery of total carbon-14 from FC-95-14Cand/or its
metabolites in biological samples can be attained. For each set of
s!mples combusted, four replicates of 10 pi, 50 ul, and 100 ul of diluted
F -95-14C dosing solution were aliquoted with calibrated micropipettors
directly into scintillation vials. At the same time using the same
solution and pipettes, either three or four replicates of 10 ul,50 P)
and 100 ul we'realiquoted directly into combustion cones which already
contained blank biological material (fecal, liver, muscle, or spleen
homogenates). The combustion cones were dried and then pelletized with
5 cm ash)ess filter paper. Blank filter paper pellets were c mbusted
and the solvents collected in the vials to which the FC-95-I&IC

14Chad been added directly. One each of the 10 ul, 50 ut, and 100 ul FC-95-
spiked pellets were routinely combusted at the beginning, middle, and
end of each set of biological samples. After correction for background
and counting efficiency, percent recovery was calculated by comparing
mean results from direct addition and combustion. The mean recovery
data for three sets of fecal samples that were analyzed on different
days for total carbon-14 (FC-95-i4C) are shown in Appendix Table 2.
The mean recovery is 98.0 ± 1.5%. Since each entry in the table is
the mean of four determinations, this mean recovery is based on 36
determinations. Recovery of total carbon-14 from spiked tissue homogenates
(not sh@wn) was also 98%. Thus, good recovery of total carbon-14 from
FC-95-1 C spiked biological material is shown.



Appendix

Table 2

Recovery of Total Carbon-14 from Blank
Fecal Homogenate Samples Spiked with FC-95-14C

10 -)IIA 50 ul loo iii

97.,4b-'-E 99.5 97.7'
100.6 97.0 98--1

97.9 95.4 98.1

98.6 97.3 98-o

Overall average 98.0 ± 1.5% (mean ± S.D.)

Amount of FC-95- 14
C reference solution added.

b Data are expressed as % recovery dpm from combustion
x loo)dpm from direct addition

Each entry is the mean of 4 combustion recovery determinations.
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Appendix 3

Comparison of darbon-14 Analysis of Urine
Samples by Oxidation Versus Direct Counting in Aquasol4D

The urine carbon-14 excretion data reported in this report
are based on direct counting in Aquasol(ID.However, there is a concern
that an insoluble metabolite or complex might exist in the urine so that
not all of the radioactivity in the urine is counted. To investigate
this possibility, concentration data from combustion were compared to
concentration data obtained from direct counting of the same urine
samples. The data are shown in Appendix Table 3. The mean ratio of the
results from the comparison is 0.97. Thus, direct counting in AquasolOb
is a valid method to assay total carbon-14 in the urine samples.



APPwidix

Table 3

CompaLrison of Carbon-14 Analysis of Urine Samples
by Oxidation versus Direct Counting in AquasolO

Ratio
Sample Direct Counting Oxidized Oxidized/
Number (JAg/g)k Direct Counting

1 0.98 0.95 0.97

2 1.04 1.01 0.97

3 0.76 0.75 0.99

4 0.66 0.62 0.94

5 0.86 0.72 0.84

6 0.77 0.84 1.09

Mean 0.97

Data expressed as pg FC-95-14 C equivalents/ml.

Data expressed as pg FC-95- 14C equivalents/g.
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Summarv

After a single oral dose of FC-95-14C (mean dose, 4.2 @m@g) in
solution to groups of three male rats, at least 95% of the total
carbon-14 is systemically absorbed at 24 hours. The half-life
for eli-ination of total carbon-14 from plasma is 7.5 days.
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FC-95 *Denotes Position of Carbon-14

FC-95 is the potassium salt of a Perfluorinated sulfonic acid. A series

of experiments has been planned to investigate possible means of increasing
the rate of elimination of FC-95 from the body. FC-95 absorption, elimination

from plasma, and excretion data were neceflary to form a basis for efficient
design of these experiments. This PC-95- C oral dosing experiment
(FC-Experiment 4) which was designed to provide totall@@bon-14 absorption
and plasma elimination data was paired with an FC-95- C iv dosing experiment

(FC-Experiment 3) which was designed to provide data on the route and extent
of total carbon-14 excretion. In addition, these FC-95 absorption, plasma
elimination, and excretion data will be used to interpret and guide other

experiments on the Possible biotransfo-mtion of FC-807 to FC-95.

Methods

Radiolabeled FC-95-
14

c

The carbon-14 label is at the position a to the sulfur a
12
M. (See above

structure). The specific activity of this lot of PC-95- C (Riker Isotope
Inventory Number 442) is 0.459

'
UCi/mg. The FC-95-14C was found to be

suitable for metabolism studies; details of the specific activity deter-
mination, chemical characterization, and radiochemical purity determina-
tion will be reported separately.

Animals

Male Charles River'! CD rats, eight weeks old, were conditioned to individual
metal metabolism cages for 24 hours prior to dosing. The body weights

ranged from 243 to 315g; mean 285g. The rats were allowed free access
to Purinab-Ground Chow and water before and after dosing.

Dosinct

Each non-fasted rat was weiahed immediately before beina given a single oral
dose of FC-95-14C. The dose was 2.0 ml of a 0.9% NaCl solution containing

1.21 mg FC-95-14C/2.0 ml. The average dose was 4.2 mg/kg. The dose was

delivered with a 2.0 cc glass syrinqe (TrylonSc-)fitted with a stainless
steel intubation tube. The dosing solution was prepared by adding '1,200 mg

of FC-95-14C to 0.9% NaCl, shaking for one half hour at moderate speed in
a mechanical shaker, and centrifuging. The supernatant was removed and
used for dosing solution. The carbon-14 content of the dosing solution

was determined by direct counting (see Appendix 1).

---------------------------

@lCharles River Breeding Laboratories, WilnLington, Mass.
b

Purina Lab Chow, Ralston Purina Company, St. Louis, Missouri.

Aloe Medical, Division of Brunswick, St. Louis 3, Missouri.



Sample Analysis for Carbon-14

Homoqenizinq of feces and tissue was done in Warina blenders bv addina nine

varts of water (w/w) to one Dart of biolocical material. The homocenates wexe
weiahed into combustion conesg in trildlicate on a too-loadina balance bv
tarina the cone and addina 1-Oa of the homoaenate. Care was taken to mix
the homocenate between sa-lincs. Urine. red blood cells. and PlasTnA samnles

(from the 24 and 4'Bhour Dost dose aroulas) were also measured into combustion

cones bv weicht. Mie concentration of carbon-14 in clasma for the 3 rats in
the 24 and 48 hour crouns was determined bv both combustion and direct countina.
Plasma samoles (includina the 24 and 48 hour nost dose arouns) were counted
directly by transferring 1.0 ml of plasma and 15 ml of Aquasolft to a scintilla-
tion vial and counting in a liquid scintillation spectrometer. Homogenate,
plasma, urine and red blood cell samples from the 24 and 48 hour post dose

group were combusted with a Packard Model 306 Oxidizer. Combustion recovery

of carbon-14 from biological samples was determined by combusting blank fecal
homogenates and blank red blood cells spiked with dilutions of*rc-95-14C

dosing solution at the beginning, middle, and end of the analysis of the exper-
imental sample set (see Appendix 2).

All radiometric measurements were done using a Packard Model 3385 Tri-Carb

Liquid Scintillation Spectrometer. For plasma samples counted directly, the

efficiency for each sample was determined by adding internal standard to each
sample and recounting, correcting for background from appropriate blanks, and
comparing the results to a sealed standard of known activity. After correcting
for background with appropriate blanks and for efficiency, the carbon-14

content of each sample was calculated. For oxidized samples, counting efficiency
for each sample was determined by use of the ABS (Automatic External Standardi-

zation) ratio method. To calibrate the external standard, internal standard
was added to selected samples from the group of samples (three with low AES
ratios and three with high ratios) and these samples were recounted along with
a sealed standard. Data were collected on punch tape and processed by the
CDC 1700 Computer System in the 3M Central Research Data Processing Laboratory.
Data reduction to dpm was accomplished with the Biological Automatic External
Standardization computer program.

Sample Collection

Groups of three rats were sacrificed by exsanguination at 1, 2, 6, 12, 24, 48,
96,and 144 hours post dose. Rats were anesthetized with diethyl ether and

blood was drawn from the descending aorta of each rat and i-diately trans-

ferred to a heparinized tube. Plasma was prepared promptly by centrifugation.
In addition to plasma and red blood cells, total urine, total feces, spleen,

digestive tract plue contents (esophagus, stomach, small intestine, large
intestine, and colon)

'
and remainder of carcass were saved from each of the

three rats in the 24 and 48 hours post dose groups for carbon-14 analysis.

-------------------------

a Packard Instrument Company, Inc., 2200 Warrenville Rd., Downers Grove, Illinois.

b New England Nuclear, Boston, Mass.
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Results and Discussion

The results of the urine, feces, digestive tract plus contents, and ca cass
analyses are shown in Table 1. The digestive tract and contents contained
on the average, 3.45% of the dose. The mean fecal excretion is 1.55%.of the
dose at 24 hours and 3.24% at 48 hours. At 24 hours, the mean sum of total
carbon-14 in feces and digestive tract plus contents is 5% of the dose.
Some of this 5% likely represents Systemically absorbed carbon-14 present
either in the digestive tract tissues or in the digestive tract contents as
a result of excretion. The data from the 48 hour post dose group of rats are
consistent with the 24 hour post dose data. Thus, at least'95% of the
FC-95-14C dose was absorbed from solution after administration to non-fasted
rats. The major portion of the radioactivity recovered was found in the
carcass. The carcass data are not as reliable as the other tissue data since
large volume homogenates were necessary and homogeneity of sample aliquots
was difficult to assure. There is some excretion'of total carbon-14 in urine
(1-2%/day);this is in contrast to the much sl

i
wer rate of urinary excretion

of total carbon-14 after an iv dose of FC-807- 4C (0.0671,/day)(1). The
spleens from the 24 hour and 48 hour post dose rats were analyzed for total
carbon-@14 content, and the percent of the dose in the whole organ was P-0.2%.
This is much lower than the 6% of the dose in spleen observed at 124 days
post iv dose for FC-807-14C (1).

The concentrations of total carbon-14 in red blood cells and pla- were com-
pared (Table 2). The mean ratio of red blood cell to plasma concentration
at 24 and 48 hours is 0.25 and 0.39, respectively. Thus, at 24 and 48 hours
after a single oral dose of pC-95-14C, there is no selective retention of
carbon-14 in red blood cells.

The results from analysis of plasma samples from groups of three rats at
1, 2, 6, 12, 24, 48, 96, and 144 hours after a single oral dose of FC-95-14C
are shown in Table 3. The log of mean concentration versus time for these
data is plotted in Figure 1. The least squares line through the individual
points from 24 to 144 hours for these data fits the equation:

C
p

= 15.65e-0.00387t ;C
p
is plasma concentration. The half-life of elimination

from plasma is 179 hoars (7.5 days). Thus, elimination from plasma of total
carbon-14 after a si.ngleoral dose of pC-95-14C is slow.

References

1. Johnson, JD: Extent and Route of Excretion and Tissue Distribution
of Total Carbon-14 in Rats after a Single IV Dose of FC-807-14C
(Report), September 29, 1979.

2. Johnson, JD: Absorption of FC-807-14C in Rats after a Single Oral
Dose (Report), July 10, 1979.
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Table 1

Percent Recovery of Total Carbon-14 after a

Single Oral Dose of FC-95-14C to Rats (mean'Dose, 4.2 ;mg/kg)

at 24 and 48 Hours Post Dose

Percent of Dose
Time DigeatiVe

Rat Post Dose Carcass Tract plus Feces Urine
Number (Hours) Contents

1 24 77.34L' 3.27 1.68 1.67

2 24 77.06 3.45 1.72 1.94

3 24 82.62 4.02 1.24 1.09

Mean 79.01 3.58 1.55 1.57

4 48 103.61 3.55 3.25 1.91

5 48 86.21 3.17 3.10 2.78

6 48 92.63 3.24 3.37 2.88

Mean 94.15 3.32 3.24 2.52

Data were adjusted for combustion recovery (see Appendix 2).
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Table 2

Comparison of Total Carbon-14 Content of
Red Blood Calls and Plasma after a S@ncile

Oral Dose of pC-95-14C to Rats (Mean Dose, 4.2 @ncj^g)
at 24 and 48 Hours Post Dose

Rat Time
Number Post Dose Red Blood

Plasma Ratio Red Blood

(Hours) calls, Calls/Plasma

1 24 3.63!Jb- 16.3413 0.22

2 24 4.15 14.62 0.28

3 24 3.18 13.40 0.24

Mean 0.25

4 48 2.80 14.27 0.20

5 48 7.85 14.25 0.55

6 48 4.94 11.76 0.42

Mean 0.39

a Data are expressed as ug equivalents of PC-95-14C/g.

b The data were obtained by combustion and were adjusted
for recovery (see Appendix 2).
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Table 3

Concentration of Carbon-14 in Rat Pla
after a Si

'
ngle Oral-Dose of-.FC-95-14C (Mean Dose, 4.2.mg@kg)

at 1, 2, 6, 12, 24, 48, 96,and 144 Hours Post Dose

Hours ...
Rat! .....

AveragePost

Dose'
A c + SD

b
1 11. 35@- 7.47 7.62 8.81 + 2.20

2 9.84 12.88 6.12 9.61 + 3.39

6 11.74 11.59 12.60 11.98 + 0.55

12 13.20 14.14 12.61 13.32 + 0.77

24 16.35 14.43 13.02 14.60 + 1.60

48 13.64 13.98 11.06 12.89 + 1.60

96 11.05 9.67 11.00 10.57 + 0.78

144 8.71 9.53 9.09 9.11 @t 0.41

2-Three rats were dosed and sacrificed for each time interval.

b
Data were obtained by direct counting; data are expressed as
pg equivalents of FC-95-14C/ml of plasma.



Figure

mean Concentration of Carbon-14 in Rat Plasma
After a Single Oral Dose of FC-95-14C
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3

- - - - (Least Squares Line)

24

t 179 hours (7.5 days)_1/2

ic,

-0.00387t
C 15.65e

7.
p

6-

5.

4.

3.

2

0 ;4. 4'8 7@ 96 120 14"4
Hours Post Dose



12.

Appendix 1

Determination of Carbon-14 Content of Dosing Solution

Just prior to dosing of rats, the PC-95-14 C dosing solution was sampled

with calibrated micropipettors! directly into counting vials; six 10 ul

and six So Ul aliquots were pipetted. One ml of water and 15 ml of

AquasolOO were added b,
corrections were made for background and counting

efficiency and, using the specific activity of PC-95-14C 'already

determinede, the uCi/2.0 ml was calculated. The data are shown in

Appendix Table 1. The dose administered each rat was 2.0 ml of solution

containing 0.553 liciof FC-9S- 14
C which is 1.21 mg of FC-95- 14

C.

This is a mean dose of 4.2 mg/kg.

a
-;;-L/IMicropipettor, Lab Industries, Berkeley, California.

b
Aquasol(D was found to be a suitable solvent-scintillent for PC-95- 14

c
during specific activity determination (to be reported separately).

ESpecific activity - 0.459 uCi/mg. (Specific activity determination to
be reported separately).
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............
'Appendix

'Table 1

Carbon-14 Content of Dosi.ng Solution

10 Ul Aliquot 50 ul Aliquot
uCi/2.,O 'mi

0.5602 0.5624

0.5554 0.5532

0.5614 0.5290

0.5628 0.5390

0.5612 0.5382

0.5554 0.5534

Overall average 0.5526

0.553
1.21 uCi P!C-95-

14
C/2.0 ml0.4586 uci/mg
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APPendix 2

Recovery of Total Caxbon-14 from Blank
Biological Samples Spiked with pc-gs-14C

The good recovery of total carbon-14 from combusted FC-807-
14
C in biological

samples has been reported (2). Since the'carbon label is a to the sulfur

atom in both PC-95-
14

C and the components of FC-807-
14
C, it is reasonable to

expect that good recovery of total carbon-14 from FC-9S-
14
C and/or its

metabolites in biological samples can be attained. For each set of samples

14
combusted, four replicates of 10 Ul, SO ul, and 100 Ul of diluted PC-9S- C

dosing solution were aliquoted with calibrated micropipettors directly into

scintillation vials. At the same +-i--using the same solution and pipettes,

either three or four replicates of 10 91, 50 ul or 100 ul were aliquoted

directly into combustion cones which already contained blank biological material

(fecal homogenates, pla-, or red blood cells). The combustion cones were

dried and then pelletized with 5 cm ashless filter paper. Blank filter paper

pellets were combusted and the solvents collected in the vials to which the FC:-95-14 c

had been added directly. One each of the 10 pl, 50 ul, and 100 Ul PC-95-
14

c

spiked pellets were routinely combusted at the beginning, middle, and end

of each set of biological samples. After correction for background and counting

efficiency, percent recovery was calculated by comparing mean results from

direct addition and combustion. The mean recovery data for three sets of

fecal samples that were analyzed on different days for total carbon-14 (FC-95-
14

C)

for FC-Experiments 3(to be reported later) are shown in Appendix Table 2A. The

mean recovery is 98.0 + 1.5%. Since each entry in the table is the mean of four

determinations, this mean recovery is based on 36 determinations. Thus, good

recovery of total carbon-14 from FC-95-
14
C spiked biological material is shown.

The mean recovery for the set of samples in the report (FC-Experiment 4) which

is based on triplicate 10 pl,50 pl, and 100 pl FC-95-14 C spiked blank fecal

homoqenates and red blood cells was 93.6%. (See Appendix Table 2B) . This

sliqhtly lower recovery was due to a minor malfunction of the Packard Oxidizer

and was fairly uniform throuqhout the set of samples. Thus, the total carbon-14



Appendix 2 (Cont'd)

data obtained from combustion in this report were adjusted for recovery.

There was no apparent differences in recovery between spiked blank red blood

cells and spiked fecal homogenates.
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Appengiix'

'Table '2A

Recovery of Total Carbon-14 from Blank_
14Fecal Homogenate Samples Spiked with FC-95 c

........................

10 U12@ 50 ul ......... ..100.ul

97.4
b,c

99.5 97.7

100.6 97.0 98.1

97.9 95.4 98.1

98.6 97.3 98.0

Overall average-- 98.0

Amount of FC-95-
14

C reference solution added.

.
dpm from combustion

Data are expressed as t recovery x 100)
dpm from direct addit@ion

Each entry is the mean of 4 combustion recovery determinations.
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Appendix

'Table,2B

Recovery of Total Carbon-14 from
Fecal Homogenate and Red Blood Cell Samples

Spiked with.PC-95--@4c
..............................................

'DIRECT*ADDITION

10 so,ul '100'ul

756b- 3868
756 3688 7404
727 3719 ___c
723 3671 '7394-

741 + 18 3737 + 90 7400 + 6

SPIKED'AND'OXIDIZED

10 ul 50 ul 100 Ul

Red Red RedFecal Blood Fecal Blood Fecal BloodHomogenates Cells Homogenates Cells Homogenates Cells
619 671

d 3581 3583 7408 7093613 3775 3583 7104 7098677 711 3484 3347 7105 7081
636 691 3613 3504 7106 7091

636
3613 L106i4-l x loo = 85'8%
3737

x 100 = 96.7%
7400

x 100 = 96.0%

691
x 100 = 93.3% 3504 x 100 = 93.8% 7091

x 100 = 95.8%741 3737 7400

Overall average - 93.6%

2@Amount of FC-95
_14

C spiking solution added.

Data are expressed as dpm.

Sample was not used; cracked vial.

Spiking error; sample was not used.



Appendix 3

Comparison of Oxidation with Direct Counting

of Pla-a Samples from Rats at 24 and 48 Hours

after a Single Oral Dose of PC-95- 14 c

concentration of Carbon-14 in pl-- for the three rats in both the 24

and 48 hour post dose groulswas determined by both oxidation and direct

counting. Samples were counted directly by transferring 1.0 ml of plasma

and ISrml of AquasolgDto scintillation vials and counting in the liquid

scintillation counter. Corrections for efficiency and background were

made for each sample. For determination by oxidation, plasma samples were

measured by weight into combustion cones and carbon-14 was determined by

combusting and counting. The data from the pla-- oxidation - direct

counting comparison are shown in Appendix Table 3. The mean ratio of

oxidized to direct counting is 0.97± 0.02. Thus, the plasma level data

obtained via either of these two methods will be essentially the same.

The direct counting method, being much more convenient, was chosen to

analyze the pla--.mm,and the data quoted for the plasma concentration versus

time (Figure 1) is from direct counting. Though a direct measurement of

absolute recovery from plasma was not done, these results indicate that

recovery of total carbon-14 from plasma spiked with FC-95-
14

C would.be

similar to that found for recovery from fecal homogenates (98%, Appendix 2).
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ix

Table 3

c arison of Oxidation with'Direct Counting
of Pla- Sanples from Rats at 24 and 48 Hours after

a Single Oral Dose of FC-95-14C

Direct
oxidation

'Ratio
Rat Counting Oxidation/

... .....(ug/g)l 'Direct Counting

1. (24 hours) 16.35 15.30 0.94
2 (24 hours) 14.43 13.99 0.97
3- (24 hours) 13.02 12.55 0.96
1 (48 hours) 13.64 13.36 0.98
2 (48 hours) 13.98 13.33 0.95
3 (48 hours) 11.06 11.01 1.00

X + SD 0.97 + 0.02

Data are expressed as ug equivalents of PC-95-
14

C.
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1.0 SUMMARY

Samples of rabbitliverat28 days postdermal administrationof 0,0.003,0.06,and
0.30mg/kg FC-95 (T-6049)were analyzedby combustion fortotalorganicfluorine.
There was no detectableleveloftotalorganicinany ofthetreatedgroups above that
observedincontrolrabbitliver.Sinceina pharmacokineticstudy(HWI#6329-159),
itwas establishedthatperfluorooctanesulfonateispersistentinrabbitliverwith a
biologicalhalf-lifeinexcessofone month and thatperfluorooctanesulfonatewill
serveasa good marker forabsorptionofFC-95, itisconcludedthatdetectable
dermal absorptiondoes not occuratthesedose levels.These dose levelsare very low
and possiblytoo low tomake an assessmentof dermal absorption.

2.0 INTRODUCTION

FC-95 isthepotassium saltofperfluorooctanesulfonicacid.Ina previous
pharinacokineticstudy(HWI#6329-159), itwas shown thatthebiologicalhalf-life
is>1 month. Itispersistentinserum and liverafteran intravenousdose. From
previousstudiesinrats,themoleculeisnot known tobiotransformor conjugate.
Thus, analysisby combustion withsubsequentmeasurement offluoridewillestimate
the amount ofperfluorooctanesulfonatepresent.At latertimes,theconcentrationin
liverishigherthantheamount inserum on theaverage.For use asa marker to
assessdermal absorption,theleveloftotalorganicfluorineinliveristhereforea
more sensitivetestat28 days postdose.

3.0 TEST MATERIALS

3.1Test,Control,and ReferenceSubstancesand Matrices
3.1.1AnalyticalReferenceSubstance: FC-95,lot161 or 171.They are
equivalent.
3.1.2AnalyticalReference Matrix: Bovine liverand bovine serum
3.1.3AnalyticalControl Substance: None
3.1.4AnalyticalControl Matrix: Bovine liverand bovine serum

3.2Source of Nlaterials:3M ICP/PCP DivisionforFC-95,bovine liverfrom
grocerystore,bovine serum from Sigma Chemical Company.

3.3.Purity and Strength ofReference Substance: Responsibilityof Sponsor

3.4Stabilityof Reference Substance: To be determinedby Sponsor
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3.5StorageConditionsforTestMaterials:Room temperatureforFC-95.For
biologicalsamples,thestorageis-20±100C.

3.6 Dispositionof Specimens: Biologicaltissuesand fluidswillbe retainedper
GLP Regulationforthetime periodrequiredforstudieslongerthan28 days.

4.0 EXPERIMENTAL -Overview

Samples of tissueand serum were availablefrom HWI#6329-130 foranalysisfor
totalorganicfluorine.The samples were combusted and analyzedfortotalorganic
fluorine.The datawere assessedforextentofdermal absorptionof FC-95.

5.0 EXPERIMENTAL - Methods

5.1 AMDT-M-1-0, Thermal Extractionof Fluorideby Means of a Modified
Dohrmann DX2000 Organic HalideAnalyzer-Liver

5.2AMDT-M-2-0,, FluorideMeasurement by Means ofan Orion EA940
Expandable Ion Analyzer

5.3 AMDT-M-4-0, Extractionof Fluorochemicalsfrom Rabbit Liver

5.4 AMDT-M-5-0, AnalysisofRabbit LiverExtractforFluorochemicalsUsing
ElectrosprayMass Spectrometry

6.0 DATA ANALYSIS

The datafrom combustion analysisat28 days postdermal administrationof FC-95
(T-6049)areattached.Tle dosingmaterialT-6049 isa 0.06% solutionof FC-95.
Doses inthisanalysisareexpressedastheFC-95 equivalents.The liverwas
combusted and subsequentlyanalyzedfortotalorganicfluoride.There isno
evidenceof dermal absorptionatany dose levelforthe groups ofrabbitsinthe
control,0.003 mg/kg, 0.06mg/kg, and 0.30mg/kg groups. In allcasestheamount
of organicfluorinewas below thepracticalquantitationlevelsand apparentlybelow
thedetectionlimits.

Electrospraymass spectrometrydid detectperfluorooctanesulfonateanion,but again
theresultsare nebulousand below thepracticalquantitationlimits.
There does not appeartobe den-nalabsorptionof FC-95 atthesedose levels.
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6.1CircumstancesThatMay HaveAffectedtheQualityoftheData:No
problemswiththisanalysisarerecognizedthatcouldaffecttheconclusion.
However, thedosesadministratedareso low thateven ifallthedose had been
absorbeditwould be difficulttoquantitate.Inthehigherdose group,2 kg rabbits
would receiveonly600 ug total.For dermaldosingwithanalysisat28 days and a
halflifeon theorderof a month,therewould be lessthan300 ug presentinliver
even ifalltheabsorbedperfluorooctanesulfonatehad gone totheliver.

7.0 CONCLUSION

FC-95 isnotdennallyabsorbedat0.30mg/kg dose. Thisisa very low dose and
possiblytoolow tomake an assessmentofdermal absorption.

8.0 MAINTENANCE OF RAW DATA AND RECORDS

8.1 Raw Data and Data: Raw data,approvedprotocol,approvedfinalreport,
appropriatespecimens,and electronicdatawillbe maintainedintheAMDT
archives.

9.0 APPENDICES

9.1 Protocoland Amendments

9.1.1Protocoland FinalReport:HWI#6329-130 "SingleDose Dermal
Absorption/ToxicityStudyofT-6049 inRabbits(ProtocoltypeT?-3016.AB
fordosingof animals,tissuecollection,etc.)

9.1.2AnalyticalprotocolAMDT-020895.1 includingmethods.

9.2 Signed Reportsfrom IndividualScientists:None

9.3 QualityAssurance UnitStatement:See attached

9.4 Key PersonnelInvolvedinthe Study: See attached

9.5 Materialsand Equipment: See methods

9.6 Solutions,Reagents,and Standards: See methods

9.7 Sample Preparation:See methods
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9.8QualityControlPractices:Seemethods

9.9 TestMethods: See ProtocolAMDT-020895.1

9.10 Instrument Settings:See methods

9.11 Data: See attached:

9.11.1Summary and raw data;ug F-inwhole liverasdeterminedby thermal
extractionfollowedby analysisusingOrion ionanalyzer.

9.11.2Summary and raw data;analysisof liverextractsusingelectrospray
mass spectrometry.
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9.1.1 Protocoland FinalReport:HWI#6329-130
"SingleDose Dermal Absorption/ToxicityStudyof
T-6049 inRabbits(ProtocoltypeTP3016.AB for
dosingofanimals,tissuecollection,etc.)
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QUALITY ASSURANCE STATEMENT

This report has been reviewed by the Quality AssuranceUnit of Hazleton
Wisconsin, Inc., in accordancewith the Food and Drug Administration
(FDA)Good LaboratoryPracticeRegulations,21 CFR 58.35 (b) (6) (7).
The following inspectionswere conductedand findings reportedto the
Study Directorand management. Written statusreports of inspections
and findings are issued to Hazleton managementmonthly according to
standard operating procedures.

Date
InspectionDates Reported to Date to
From To Phase Study Director Management

12/21/94 12/21/94 Protocol Review 12/22/94 01/10/95
01/10/95 01/10/95 Animal Observation 01/10/95 02/10/95
01/24/95 01/24/95 Protocol Amendment 01/24/95 02/10/95
04/03/95 04/13/95 Data/Report Review 04/14/95 05/10/95
04/03/95 04/13/95 Data Review 04/14/95 05/10/95
06/27/95 06/27/95 Report Rereview 06/27/95 07/10/95

@epresen(atlv-e,Quality Assurance Unit Date
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P.O. Box 33220
St. Paul, MN 55133-3220
(612) 733-1962

Study Director Steven M. Glaza
Hazleton Wisconsin, Inc.
P.O. Box 7545
Madison, Wl 53707-7545
(608) 241-7292

Study Location Hazleton Wisconsin, Inc.
Building No. 3
3802 Packers Avenue
Madison, WI 53704

Study Timetable
Study InitiationDate December 30, 1994
Experimental(In-life)Start Date January 7, 1995
In-life End Date February 10, 1995
Experimental Termination Date June 27, 1995
Study Completion Date June 27, 1995



Page 4 of 42

HWI 6329-130

KEY PERSONNEL

Acute Toxicology Laboratory Animal Medicine

Steven M. Glaza Cindy J. Cary, DVM
Study Director Diplomate, ACLAM
Manager Supervisor

Francis (Bud) W. McDonald
Study Coordinator Anatomical Pathology

Patricia Padgham Thomas E. Palmer, PhD
In-lifeSupervisor Anatomical Pathologist

Rose M. Bridge Jack Serfort/
Report Supervisor Deborah L. Pirkel

Supervisors
Necropsy

Ouality Assurance
Anne Mosher

Sherry R. W. Petsel Supervisor
Manager Pathology Data

000()I()



Page 5 of 42

HWI 6329-130

CONTENTS

Paqe

Quality Assurance Statement 2
Study Identification 3
Key Personnel 4
Summary 6
Objective 8
Regulatory Compliance 8
Test and ControlMaterials 8
Test System 9
Procedures 10
Results 13
Discussion 14
Signature 14
Reference 14
Pathology Report 15

Table

1 Individualand Mean Body Weights (g) 16
2 IndividualClinicalSigns 17
3 IndividualDermal IrritationScores 19
4 Individual Pathology Comments 23
5 IndividualAnimal Tissue Weights and Bile Volumes 25

Appendix A 27
Protocol Deviations 28
Protocol TP3016.AB 29
Protocol Amendment No. 1 41



Page 6 of 42

HWI 6329-130

SUMMARY

This study was done to assess the systemicabsorption/toxicityand relative
skin irritancyof T-6049 when appliedto the skin of rabbits.

The study was conducted using three male and three female acclimatedrabbits
of the Hra:(NZW)SPFstrain for each treatmentgroup.

Dose Level Number of Animals
Group Test Material (mg/kq) Males Females

1 (Control)Distilledwater oa 3 3
2 T-6049 5 3 3*
3 T-6049 100 3 3*
4 T-6049 500 3 3

a Administeredat a dose volume of 2.0 mL/kg.
One animal sacrificedon Day 2 due to possible broken back and
replacedwith another female animal.

The back of each rabbit was clippedfree of hair and a singledose of the
respectivematerial at the indicateddose levelwas administeredto the skin
of the rabbits. The treatmentsitesremainedintact. The area of application
was covered with a gauze bandage securedwith paper tape around all edges and
overwrapped with Saran WrapO and ElastoplastOtape to provide an occlusive
dressing for a 24-hour exposure period.

Clinical observationswere conductedpredose and at approximately1, 2.5, and
4 hours after test or controlmaterialadministration.Additionalclinical
observationsand twice a day mortalitycheckswere conducteddaily thereafter
for 28 days. The only exceptionsto this were on Days 4 and 6 when the
afternoon mortalitycheck was inadvertentlynot conducted for the two
replacement animals. Body weights were determinedon Day -4 for randomization
purposes,beforetest or control,materialadministration(Day 1), and at
in-lifetermination(Day29). The initialdermalirritationreadingwas made
before test or controlmaterialadministration(recordedas the Day I
reading). Subsequentreadings of dermal irritationwere made approximately
30 minutes after bandage removal (Day 2) and on Days 4 and 8. Blood samples
were collectedfrom a marginalear vein of the animalsbeforein-life
initiation(Day 1), approximately24-hourspostdose(Day 2), on Days 4, 9, 16,
and 23. Replacementanimals were bled on Days 1, 2, 4, 8, 15, and 22. In
addition, at the time of necropsy on Day 29, approximately20 mL of blood was
obtained from each animal. All sampleswere centrifugedand separated into
serum and cellularfractions. All animalswere euthanizedat terminationof
the in-life phase and necropsied. The whole liver,bile, an approximate1-cm
x 1-cm sectionof the dermal applicationsite from all animals,and both
kidneys from one male and one female in each group were collectedat necropsy
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and weighed (volumeonly determinedfor bile). The blood samples (serum and
cellularfractions),livers,bile,dermalapplicationsites,and kidneyswere
sent frozento the Sponsor afterterminationof the in-lifephase.

Applicationof T-6049did not resultin any test material-relatedchanges in
body weight gain. All animalsappearedclinicallynormal throughoutthe study
with the exception of one Group 2 and one Group 3 female animals that were
sacrificedon Day 2 due to injury (possiblebroken backs). These animalswere
replaced in the study and the replacementanimals appeared normal throughout
the study. No dermal irritationwas observedat the dermal scoringintervals
as a resultof the applicationof distilledwater or T-6049 at any of the dose
levels. There were no test material-relatedlesionsobservedat necropsy.

0 ()IL"i
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OBJECTIVE

The objectiveof this studywas to assess the systemictoxicity/absorptionand
relativeskin irritancyof a test materialwhen appliedto the skin of
rabbits.

REGULATORY COMPLIANCE

This study was conducted in accordancewith the U.S. Food and Drug
Administration'sGood LaboratoryPracticeRegulationsfor Nonclinical
LaboratoryStudies, 21 CFR 58,-withthe exceptionthat analysisof the test
materialmixtureprepared for the Group 2 animalsfor concentration,
homogeneity/solubility,and stabilitywas not conducted. All proceduresused
in this study are in compliancewith the Animal WelfareAct Regulations. In
the opinionof the Sponsorand study director,the study did not unnecessarily
duplicateany previous work.

TEST AND CONTROL MATERIALS

Identification

The test materialwas identifiedas T-6049 and describedas a clear, colorless
liquid. The controlmaterialwas distilledwater and was describedas a
clear,colorlessliquid.

Purityand Stability

The Sponsorassumesresponsibilityfor test materialpurity and stability
determinations(includingundertestconditions).Analysisof the test
material mixture preparedfor the Group 2 animals for concentration,
homogeneity/solubility,and stabilitywas not conductedor requestedby the
Sponsor. The purity and stabilityof the controlmaterialwere consideredto
be adequatefor the purposesof this study.

Storage and Retention

The test and control materialswere stored at room temperature. A reserve
sample of each test and controlmaterialwas taken and will be retained in a
freezer set to maintain a temperatureof -20*C ±10' for 10 years in accordance
with Hazleton Wisconsin (HWI)StandardOperating Procedure (SOP). Any unused
test materialwas returnedto the Sponsorafter completionof the in-life
phase accordingto HWI SOP. Any remainingcontrol material is retainedfor
other testingand will not be discardedafter issuanceof the final report.
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Safety Precautions

The test and control material handling procedureswere according to HWI SOPs
and policies.

TEST SYSTEM

Test Animal

Adult albino rabbits of the Hra:(NZW)SPFstrainwere procured from HRP, Inc.,
Denver, Pennsylvania on December 28, 1994 and maintained at the Hazleton
Wisconsin facility at 3802 Packers Avenue, Madison, Wisconsin.

Housing

After receipt,the animalswere acclimatedfor a period of at least 7 days.
During acclimationand throughoutthe study,the animalswere individually
housed in screen-bottomstainlesssteel cages in temperature-and humidity-
controlledquarters. Environmentalcontrolsfor the animal room were set to
maintain a temperatureof 19' to 23*C, a relativehumidity of 50% ±20%, and a
12-hour light/12-hourdark lightingcycle. In cases where variationsfrom
these conditionsexisted,they were documentedand consideredto have had no
adverse effect on the study outcome.

Animal Diet

The animals were provided access to water ad 7ibitum and a measured amount of
LaboratoryRabbit Diet HF #5326, PMI Feeds, Inc. The feed is routinely
analyzed by the manufacturerfor nutritionalcomponents and environmental
contaminants. Samples of the water are periodicallyanalyzed by HWI. There
were no known contaminantsin the feed or water at levels that would have
interferedwith or affectedthe resultsof the study.

Selection of Test-Animals

The animals were identifiedby animal number and correspondingear tag and
were placed into study groups using a stratifiedbody weight randomization
program. The randomizationbody weights were determined on Day -4. The
weight variationof the animalsfor each group of each sex selectedfor the
study did not exceed ±2 standarddeviationsof the mean weight, and the mean
body weights for each group of each sexwere not statisticallydifferentat
the 5% probabilitylevel. Two female animals (Nos. F53398 and F53355) were
replaced after they were treateddue to possiblebroken backs. These animals
were replaced with two other female animals (Nos. F52999 and F53351) which
were treated in the same manner.
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Study Design

Animals weighing from 2,018 to 2,625 g at initiationof treatment were placed
into the following study groups:

Dose Level Number of Animals
Group Test Material (mg/kq) Males Females

1 (Control) Distilledwater
oa 3 3

2 T-6049 5 3 3*
3 T-6049 100 3 3*
4 T-6049 500 3 3

a Administered at a dose volume of 2.0 mL/kg.
One animal sacrificed on Day 2 due to possible broken back and
replaced with another female animal. This animal weighed 2,625 g
at initiation.

Justificationfor Species Selection

Historically, the New Zealand White albino rabbit has been the animal of
choice because of the large amount of background information on this species.

PROCEDURES

Preparation of Exposure Area

On the day before test material application,the back and, if necessary (to
obtain unblemishedskin), the flanks of each rabbit was clipped free of hair.
The clipped area made up approximately 20% of the total body surface area.
The intact skin of the test sites was inspectedfor interferinglesions,
irritation,or defects that would preclude the use of any of the animals. The
animals were clipped as needed throughout the study to aid in visualizing the
applicationsites.

Dose Administration

All animals received a single administrationof the respectivetest or control
material. The day of treatment was designated as Day 1.

Group 1. An individual dose (2.0 mL/kg) was calculated and measured based
on ea animal's body weight on the day of treatment. The control material
(distilledwater) was ap?liedevenly to the test site at a rate of
approximately 0.05 mL/cm

0()O()IG
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Groups 2, 3, and 4. For the Group-2 animals (5 mg/kg), the test material
(T-6049) was mixed with distilled water to a concentrationof 500 mg/mL and
applied at a dose volume of 0.01 mL/kg. The mixture was stored at room
temperature until administered. The test material was administered
undiluted to the test sites of the Groups 3 and 4 animals (100 or
500 mg/kg, respectively)using the average bulk density of 0.99 g/mL to
determine the dose volume for each dose level (0.10 and 0.51 mL/kg,
respectively). The area of exposure for the 5, 100, and

2
500 mg/kg dose

levels was 4, 25 (16 for replacementanimal), and 100 cm , respectively.
The approximate rate of application ranged from 0.006 to 0.014 mL/cm'. An
individualdose of the respectivetest material or test material mixture
was calculated for each animal based on its body weight on the day of
treatment.

Each area of application was covered with a 10-cm x 10-cm gauze bandage
secured with paper tape around all edges and overwrapped with Saran WrapD and
ElastoplastODtape to provide an occlusive dressing. Collars were used to
restrain the animals during the 24-hour exposure period.

Approximately 24 hours after test or control material application,the
restraining collars and bandages were removed and any residual test material
was removed with tap water and disposable paper towels.

Reason for Route of Administration

The dermal route is a potential route of exposure in humans.

Observations of Animals

Clinical observations were conducted predose and at approximately 1, 2.5, and
4 hours after test or controlmaterialadministration. Additionalclinical
observations and twice a day mortality checks (morning and afternoon) were
conducted daily thereafter for 28 days. The only exceptionsto this were on
Days 4 and 6 when the afternoon mortality check was inadvertently not
conducted for the two replacement animals.

Body weights were determined for randomization purposes on Day -4, before test
material administration(Day 1), and at in-lifetermination(Day 29).

The initial dermal irritationreadingwas made before test or control material
administration according to the Draizel technique (recorded as the Day 1
reading). Subsequent readings of dermal irritationwere made approximately 30
minutes after bandage removal (Day 2) and on Days 4 and 8.
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Samgle Collections

Blood samples (approximately4 mL) were collectedfrom a marginalear vein of
all animalsbeforeexperimentalinitiation(Day1). Subsequentcollectionof
blood was conducted approximately24-hours postdose (Day 2), and on Days 4, 9,
16, and 23. Replacementanimalswere bled on Days 1, 2, 4, 8, 15, and 22. In
addition,at the time of necropsyon Day 29, approximately20 mL of blood was
obtainedfrom the posteriorvena cava of each animal. All sampleswere'
centrifugedand separated into serum and cellularfractions. These samples
were then stored in a freezer set to maintain a temperatureof -200C ±IOOC
until shipped to the Sponsor.

Pathology

At terminationof the experimentalphase (Day 29), animalswere anesthetized
with sodium pentobarbital,bled via the posteriorvena cava, exsanguinated,
and necropsiedin random order. The sites of test and controlmaterial
applicationwere washed with lukewarmtap water before the necropsy procedure.
All animals were subjected to an abbreviatedgross necropsy examinationand
any abnormalitieswere recorded. The whole liver, bile, an approximate1-cm x
1-cm sectionof the dermal applicationsite from all animals,and both kidneys
from the firstmale and female in each groupwere collected. The tissue
samples for all animals,with the exceptionof the animalsacrificedand
necropsiedon Day 2, were weighed (volumeonly determinedfor bile) and
immediatelyplaced on dry ice, then placed in a freezerset to maintain a
temperatureof -200C ±IOOC. After necropsy,the animals were discarded.

Shipment of Blood, Bile, and Tissues

After experimentaltermination,the blood samples (serumand cellular
fractions),livers,bile,dermalapplicationsites,and kidneyswere sent
frozen (on dry ice) to the Sponsor (JamesD. Johnson,3M E.E. & P.C., Bldg.
2-3E-09, 935 Bush Avenue, St. Paul, MN, 55106), along with the collected
correspondingweights or volumes. The Sponsor is responsiblefor the
retentionand dispositionof the samples. HWI does not acceptany
responsibilityfor the analysisof the tissue samplescollectedin this study
nor are these resultspresentedin this report.

StatisticalAnalyses

No statisticalanalyseswere requiredby the protocol.

Location of Raw Data, Records, and Final Report

The raw data, records,and an originalsignedcopy of the final reportwill be
retained in the archives of HWI in accordancewith HWI SOP.



Page 13 of 42

HWI 6329-130

RESULTS

Body Weights

Individualand mean body weights are in Table 1. All animals exhibitedbody
weight gains from Day 1 to Day 29.

ClinicalObservations

Individualclinicalsigns are in Table 2. All animals appearednormal
throughoutthe study with the followingexceptions:

• One Group 2 female (No. F53398) treatedwith T-6049 at 5 mg/kg appeared to
have injuredits back at the timeof the 24-hourblood collection. This
animal was sacrificed,necropsied,and replacedwith No. F52999. The
replacement animal appeared normal throughoutthe study.

• One Group 3 female (No. F53355) treated with T-6049 at 100 mg/kg was found
prior to completionof the exposureperiodwith its leg caught in the cage
floor, appearedto have injuredits back,and was sacrificed. Since this
animaldid not receive its full test materialexposure,the animalwas
discarded without a gross necropsyexamination. The animal was replaced
with No. F53351. The replacementanimal appeared normal throughout the
study.

Dermal Irritation

Individualdermal irritationscoresare in Table 3. The controlmaterial
producedno dermal irritation. No dermalirritationwas observedin the
animals treated with T-6049 at any of the dose levels.

Pathology

Individual animal pathology comments are presented in Table 4. Individual
animal tissue weights and bile volumesare in Table 5. The treatedskin in
two animals dosed at 0 mg/kg, two animalsdosed at 5 mg/kg, and one animal
dosed at 500 mg/kg was diffuselyred or had multiplered areas of variable
size. These findingsare not consideredto be test material-related. There
were no lesions observed in any of the remaininganimals.

Page 15 containsa pathologyreport by the study pathologist.

000()JL!)
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DISCUSSION

The acute systemicabsorption/toxicityand relativeskin irritancyof T-6049
were evaluated in male and female albino rabbitswhen administeredas a single
dermal application. There were no test material-relatedchanges in body
weightgain or in-lifeclinicalfindingsat any of the dose levels. No test
material-relateddermal irritationwas observedduring the study. There were
no test material-relatedlesionsobserved at necropsy.

SIGNATURE

l@,@
Steven M. Glaza D Date
Study Director
Acute Toxicology

REFERENCE

1. Draize, J. H., "Acute Dermal Toxicity (Single Exposure)," In: Appraisa7
of the Safety of Chemica7s in Foods, Drugs and Cosmetics - Derma7
Toxicity, Association of Food and Drug Officials of the U.S., pp. 54-56
(1959).
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PATHOLOGY REPORT

There were six rabbits (threemales and three females)each from four dose
levels of 0, 5, 100, and 500 mg/kg of body weight euthanizedand necropsied at
the terminationof the study. One female (AnimalNo. F53398)dosed at 5 mg/kg
of body weight was sacrificedon Day 2 because of an apparent broken back.
This animalwas replacedwith another female (AnimalNo. F52999). The test
material,dose level,day of death, and gross observationsrecordedfor each
animal are in the IndividualPathologyCommentsthat follow this report.

At necropsy, the treated skin in some animalswas diffusely red or had
multiplered areasof variablesize. This includedtwo animalsdosed at
0 mg/kg, two animals dosed at 5 mg/kg, and one animal dosed at 500 mg/kg.
There were no visiblelesionsin any of the remaininganimals. The liver,
bile, an approximate1-cm x 1-cm sectionof the dermal applicationsite from
each of these animals, and both kidneys from one male and one female in each
group were collected. The tissue sampleswere weighed (volumeonly determined
for bile),frozen, and sent to the Sponsor. The tissuesfrom the femaledosed
at 5 mg/kg and sacrificedon Day 2 were collectedbut were not weighed. After
necropsy, the animals were discarded.

The animal sacrificedon Day 2 had multipledark red areas of variablesize
within the skeletalmuscle of the lumbar-sacralregionof the spinal column.
These findingscorrelatedwith the clinicalobservationof an apparentbroken
back.

7,.2
Date

Pathologist

(6329-130.slh)
03/22/95
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Table I
Individualand Mean Body Weights (g)

Male Female
Random- Random-

Animal ization Day Animal ization Day
Number Day -4 1 29 Number Day -4 1 29

Group I (Control)- DistilledWater (0 mg/kq)

F53358 2,066 2,231 2,816 F53404 2,200 2,286 2,997
F53359 2,030 2,093 2,670 F53405 2,426 2,474 2,911
F53353 2,136 2,312 3,012 F53356 2,110 2,224 2,685

Mean 2,077 2,212 2,833 2,245 2,328 2,864

Group 2 - T-6049 (5 mg/kq)

F53402 2,288 2,382 2,938 F53399 2,095 2,122 2,580
F53364 2,244 2,364 2,923 F53349

a 2,376 2,492 2,919
F53352 2,102 2,018 2,622 F53398 2,331 2,419 -

F52999 2,485 2,625 3,272

Mean 2,211- 2,255 2,828 2,319 2,413 2,924

Group 3 - T-6049 (100 mg/kq)

F53360 2,157 2,194 2,943 F53350 2,320 2,409 2,996
F53400 2,076 2,122 2,696 F53355' 2,280 2,297 -
F53346 2,115 2,211 2,694 F53397 2,145 2,245 2,706

F53351 2,059 2,253 2,606

Mean 2,116 2,176 2,778 2,175 2,302 2,769

Group 4 - T-6049 (500 mg/kq)

F53365 2,126 2,276 2,951 F53403 2,170 2,270 2,860
F53354 2,325 2,478 3,008 F53000 2,241 2,268 2,914
F53347 2,103 2,152 2,646 F53345 2,306 2,341 2,951

Mean 2,185 2,302 2,868 2,239 2,293 2,908

a Animal No. F53398 was originallyselected by the randomizationprogram for use
in the study and was treated. This animalwas sacrificedafter completionof
the exposure period due to a possible broken back and was replaced with No.
F52999. The body weights for No. F53398 are not included in the group means.

b Animal No. F53355 was originallyselected by the randomizationprogram for use
in the study and was treated. This animalwas sacrificedbefore completionof
the exposure period due to a possible broken back and was replaced with No.
F53351. The body weights for No. F53355 are not included in the group means.

- Not applicable.
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Table 2
IndividualClinicalSigns

Animal 1-4 Hours Day
Sex Number Observation (Day IL -L 3 through29

Group 1 (Control)- DistilledWater (0 mg/kg)

Male F53358 Appeared normal

F53359 Appeared normal

F53353 Appeared normal

Female F53404 Appeared normal

F53405 Appeared normal

F53356 Appeared normal .1

Group 2 - T-6049 (5 mg/kq)

Male F53402 Appeared normal

F53364 Appeared normal

F53352 Appeared normal

Female F53399 Appeared normal

F53349 Appeared normal

F53398 Appeared normal
Possible broken back
(at time of 24-hour
bleedinginterval)

Moribund sacrifice

F52999a Appeared normal

Condition existed.
Condition not evident.

a Animal No. F52999 replaced Animal No. F53398.



Page 18 of 42

HWI 6329-130

Table 2 (Continued)
IndividualClinicalSigns

Animal 1-4 Hours Day
Sex Number Observation (Day 1) 2 3 through 29

Group 3 - T-6049 (100 mg/kq)

Male F53360 Appeared normal

F53400 Appeared normal

F53346 Appeared normal

Female F53350 Appeared normal

F53355 Appeared normal
Leg caught in cage
floor(possible
broken back)
Moribund sacrifice

F53397 Appeared normal

F5335,a Appeared normal

Group 4 - T-6049 (500 mg/kq)

Male F53365 Appeared normal

F53354 Appeared normal

F53347 Appeared normal

Female F53403 Appeared normal

F53000 Appeared normal

F53345 Appeared normal

Condition existed.
Conditionnot evident.
Animal No. F53351 replaced Animal No. F53355.

Ooo( .),.o



Page 19 of 42

HWI 6329-130

Table 3
IndividualDermal IrritationScores

Group 1 (Control)- DistilledWater (0 mg/kg)

Males Females
Study Day Study Day

Dermal Reaction 1 2 4 8 1 2 4 -8

Animal No. F53358 Animal No. F53404

Erythema 0 0 0 0 0 0 0 0
Edema 0 0 0 0 0 0 0 0
Atonia 0 0 0 0 0 0 0 0
Desquamation 0 0 0 0 0 0 0 0
Coriaceousness 0 0 0 0 0 0 0 0
Fissuring 0 0 0 0 0 0 0 0

Animal No. F53359 Animal No. F53405

Erythema 0 0 0 0 0 0 0 0
Edema 0 0 0 0 0 0 0 0
Atonia 0 0 0 0 0 0 0 0
Desquamation 0 0 0 0 0 0 0 0
Coriaceousness 0 0 0 0 0 0 0 0
Fissuring 0 0 0 0 0 0 0 0

Animal No. F53353 Animal No. F53356

Erythema 0 0 0 0 0 0 0 of
Edema 0 0 0 0 0 0 0 0
Atonia 0 0 0 0 0 0 0 0
Desquamation 0 0 0 0 0 0 0 0
Coriaceousness 0 0 0 0 0 0 0 0
Fissuring 0 0 0 0 0 0 0 0

()()0025



Page 20 of 42

HWI 6329-130

Table 3 (Continued)
IndividualDermal IrritationScores

Group 2 - T-6049 (5 mg/kg)

Males Females
Study Day Study Day

Dermal Reaction 1 2 4 8 1 2 4 -8

Animal No. F53402 Animal No. F53399

Erythema 0 0 0 0 0 0 0 0
Edema 0 0 0 0 0 0 0 0
Atonia 0 0 0 0 0 0 0 0
Desquamation 0 0 0 0 0 0 0 0
Coriaceousness 0 0 0 0 0 0 0 0
Fissuring 0 0 0 0 0 0 0 0

Animal No. F53364 Animal No. F53349

Erythema 0 0 0 0 0 0 0 0
Edema 0 0 0 0 0 0 0 0
Atonia 0 0 0 0 0 0 0 0
Desquamation 0 0 0 0 0 0 0 0
Coriaceousness 0 0 0 0 0 0 0 0
Fissuring 0 0 0 0 0 0 0 0

Animal No. F53352 Animal No. F53398'

Erythema 0 0 0 0 0 0 - -
Edema 0 0 0 0 0 0 - -
Atonia 0 0 0 0 0 0 - -
Desquamation 0 0 0 0 0 0 - -
Coriaceousness 0 0 0 0 0 0 - -
Fissuring 0 0 0 0 0 0 - -

Animal No. F52 gggb

Erythema 0 0 0 0
Edema 0 0 0 0
Atonia 0 0 0 0
Desquamation 0 0 0 0
toriaceousness 0 0 0 0
Fissuring 0 0 0 0

a Animal replaced with No. F52999.
b Replacement animal for No. F53398.
- Not applicable.

0 0 0 0
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Table 3 (Continued)
IndividualDermal IrritationScores

Group 3 - T-6049 (100 mg/kg)

Males Females
Study Day Study Day

Dermal Reaction 1 2 4 8 1 2 4 -8

Animal No. F53360 Animal No. F53350

Erythema 0 0 0 0 0 0 0 0
Edema 0 0 0 0 0 0 0 0
Atonia 0 0 0 0 0 0 0 0
Desquamation 0 0 0 0 0 0 0 0
Coriaceousness 0 0 0 0 0 0 0 0
Fissuring 0 0 0 0 0 0 0 0

Animal No. F53400 Animal No. F53355a

Erythema 0 0 0 0 0 - - -
Edema 0 0 0 0 0 - - -
Atonia 0 0 0 0 0 - - -
Desquamation 0 0 0 0 0 - - -
Coriaceousness 0 0 0 0 0 - - -
Fissuring 0 0 0 0 0 - - -

Animal No. F53346 Animal No. F53397

Erythema 0 0 0 0 0 0 0 0
Edema 0 0 0 0 0 0 0 0
Atonia 0 0 0 0 0 0 0 0
Desquamation 0 0 0 0 0 0 0 0
Coriaceousness 0 0 0 0 0 0 0 0
Fissuring 0 0 0 0 0 0 0 0

Animal No. F5335 lb

Erythema 0 0 0 0
Edema 0 0 0 0
Atonia 0 0 0 0
Desquamation 0 0 0 0
Coriaceousness 0 0 0 0
Fissuring 0 0 0 0

a Animal replacedwith No. F53351.
b Replacement animal for No. F53355.

Not applicable.

0 0 0 0'^."d7
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Table 3 (Continued)
IndividualDermal IrritationScores

Group 4 - T-6049 (500 mg/kg)

Males Females
Study Day Study Day

Dermal Reaction 1 2 4 8 1 2 4 8

Animal No. F53365 Animal No. F53403

Erythema 0 0 0 0 0 0 0 0
Edema 0 0 0 0 0 0 0 0
Atonia 0 0 0 0 0 0 0 0
Desquamation 0 0 0 0 0 0 0 0
Coriaceousness 0 0 0 0 0 0 0 0
Fissuring 0 0 0 0 0 0 0 0

Animal No. F53354 Animal No. F53000

Erythema 0 0 0 0 0 0 0 0
Edema 0 0 0 0 0 0 0 0
Atonia 0 0 0 0 0 0 0 0
Desquamation 0 0 0 0 0 0 0 0
Coriaceousness 0 0 0 0 0 0 0 0
Fissuring 0 0 0 0 0 0 0 0

Animal No. F53347 Animal No. F53345

Erythema 0 0 0 0 0 0 0 0
Edema 0 0 0 0 0 0 0 0
Atonia 0 0 0 0 0 0 0 0
Desquamation 0 0 0 0 0 0 0 0
Coriaceousness 0 0 0 0 0 0 0 0
Fissuring 0 0 0 0 0 0 0 0

0()00%113
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Table 4
Individual Pathology Comments

Animal Test Day
Number Sex Fled .Sacrificed Necropsv Observation

Group I (Control)- DistilledWater (0 mg/kq)

F53358 m - 29 No visible lesions.

F53359 m - 29 No visible lesions.

F53353 m - 29 The skin has multiple red areas within the
dermal applicationsite, up to 3 cm x 2 cm.
Collected with routine section.

F53404 F - 29 No visible lesions.

F53405 F - 29 No visible lesions.

F53356 F - 29 The treated skin area appears diffusely
dark red. Collectedwith routine section.

Group 2 T-6049 (5 mg/kq)

F53402 m - 29 No visible lesions.

F53364 m - 29 No visible lesions.

F53352 m - 29 No visible lesions.

F53399 F - 29 The skin has diffusely dark red areas along
the entire dorsal lumbar and thoracic
region. Collectedwith routine section.

F53349 F - 29 The skin has multiple red areas on the
applicationsite up to I cm in diameter.
Collected with routine section.

F53398 a
F - 2 There are multiple dark red areas within

the skeletal muscle of the lumbar sacral
region surrounding the spinal column, up to
1.5 x 2.0 cm.

F52999' F 29 No visible lesions.

- Not applicable.
a Animal replaced with No. F52999.
b Replacement animal for No. F53398.

0()OO'A'O@
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Table 4 (Continued)
Individual Pathology Comments

Animal Test Day
Number Sex Died Sacrificed Necropsy Observation

Group 3 - T-6049 (100 mg/kq)

F53360 m - 29 No visiblelesions.

F53400 m - 29 No visiblelesions.

F53346 m - 29 No visiblelesions.

F53350 F - 29 No visiblelesions.

F53397 F - 29 No visiblelesions.

F53351 F - 29 No visiblelesions.

Group 4 T-6049 (500 mg/kq)

F53365 m - 29 No visiblelesions..

F53354 m - 29 No visiblelesions.

F53347 m - 29 No visiblelesions.

F53403 F - 29 No visiblelesions.

F53000 F - 29 The skin has multiple red areas on the
applicationsite,up to I cm x 3 cm.
Collectedwith routinesection.

F53345 F - 29 No visiblelesions.

- Not applicable.
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Table 5
IndividualAnimal Tissue Weights and Bile Volumes

Weight(g)
Animal Dermal Appli- Bile

Sex Number Liver Kidneys cationSite Volume (mL)

Group I (Control)- DistilledWater (0 mg/kq)

Male F53358 81.381 0.783 1.4

F53359 73.857 - 0.761 0.8

F53353 77.411 15.761 0.644 0.6

Female F53404 70.277 12.585 0.620 1.8

F53405 78.270 - 0.775 1.1

F53356 74.687 0.915 0.5

Group 2 T-6049 (5 mg/kg)

Male F53402 78.731 14.611 0.468 2.3

F53364 84.099 - 0.641 1.8

F53352 67.613 0.706 1.8

Female F53399 65.818 - 0.546 0.8

F53349 77.596 14.211 0.489 0.9

F53398a - - - -

F52999' 87.510 0.660 0.5

- Not applicable.
a Moribundsacrificeon Day 2 (01/08/95)due to possiblebrokenback.

Tissues were collected,however, the correspondingweight or volume
was not taken since this requirementbecame effectiveon 01/24/95.
Animal replaced with No. F52999.

b Replacement animal for No. F53398.

0()001031
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Table 5 (Continued)
IndividualAnimal Tissue Weights and Bile Volumes

Weight (g)
Animal Dermal Appli- Bile

Sex Number Liver Kidneys cationSite Volume (mL)

Group 3 - T-6049 (100 mg/kq)

Male F53360 76.347 15.873 0.802 0.9

F53400 74.958 - 0.395 1.6

F53346 75.414 0.570 1.3

Female F53350 74.050 15.1@O 0.784 1.4

F53397 74.882 0.801 0.9

F53351 80.686 0.279 0.5

Group 4 T-6049 (500 mg/kq)

Male F53365 82.598 - 0.441 1.8

F53354 70.968 15.234 0.540 1.3

F53347 83.696 - 0.716 2.0

Female F53403 70.624 15.427 0.910 1.4

F53000 79.617 - 0.714 0.8

F53345 81.341 0.633 1.8

Not applicable.

0()OO'JA'W
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APPENDIX A

ProtocolDeviations
Protocol TP3016.AB

Protocol Amendment No. 1

0()0033
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ProtocolDeviations

Protocol - Actual Procedure

Page 7, 7. Experimental Design, On Day 4 and 6, the afternoon
C. Observationof Animals,(1) mortality check was
ClinicalObservations,First inadvertentlynot conducted
Sentence. For clinicalsigns for the two replacement
before test or controlmaterial animals (Group 2, No. F52999,
administrationand for clinical and Group 3, No. F53351).
signs and mortalityat
approximately1, 2.5, and 4
hours after test material
administration(Day 1) and
Dailythereafterfor clinical
signs, and twice daily (a.m.
and p.m.)for mortalityfor at
least 28 days.

Page 7, 7. Experimental Design, The body weight of the Group 2
C. Observationof Animals,(3) animal that was sacrificedon
Body Weights. For Day 2 was inadvertentlynot
randomization,before test or documented.
controlmaterialapplication
(Day 1), on Day 29, and at
unscheduled death (whe.n
survivalexceeds I day).

These deviations are not consideredto have had an adverseeffect on the
outcome of the study.

00()034
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STUDY IDENTIFICATION

Single-Dose Dermal Absorption/ToxicityStudy of
T-6049 in Rabbits

HWI No. 6329-130

Test Material T-6049

Sponsor 3M Toxicology Service Medical
Department

3M Center, Bldg. 220-2E-02
P.O. Box 33220
St. Paul, MN 55133-3220

Sponsor's Representative John L. Butenhoff, PhD
3M Toxicology Service Medical

Department
3M Center, Bldg. 220-2E-02
P.O. Box 33220
St. Paul, MN. 55133-3220
(612) 733-1962

Study Director Steven M. Glaza
Hazleton Wisconsin, Inc.
P.O. Box 7545
Madison, Wl 53707-7545
(608) 241-7292

Study Location Hazleton Wisconsin, Inc.
Building No. 3
3802 Packers Avenue
Madison, Wl 53704

Proposed Study Timetable
Experimental Start Date January 7, 1995
Experimental Termination Date February 4, 1995
Draft Report Date March 18, 1995
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I. Study
Single-Dose Dermal Absorption/ToxicityStudy in Rabbits

2. Purpose
To assessthe systemic absorptionand toxicity and relative skin
irritancyof a test materialwhen appliedto the skin of rabbits

3. Regulatory COm2liance
This study will be conducted in accordancewith the following Good
Laboratory Practice Regulations/Standards/Guidelines:

( ] Conduct as a Nonregulated Study
[X] 21 CFR 58 (FDA)

40 CFR 160 (EPA-FIFRA)
40 CFR 792 (EPA-TSCA)
C(81)30(Final)(OECD)
59 Nohsan No. 3850 (Japanese MAFF)
Notification No. 313 (JapaneseMOHW)

All proceduresin this protocol are in compliancewith the Animal
Welfare Act Regulations. In the opinion of the Sponsor and study
director,the study does not unnecessarilyduplicate any previous
work.

4. Ouality Assurance
The protocol,studyconduct,and the final reportwill be audited by
the Quality Assurance Unit in accordance with Hazleton Wisconsin
(HWI) Standard Operating Procedures (SOPS) and policies.

5. Test Material

A. Identification
T-6049

B. Physical Description
(To be documented in the raw data)

C. Purityand Stability
The Sponsor assumes responsibilityfor,purityand stability
determinations(includingundertest conditions).

D. Storage
Room temperature

0()0037
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E. Reserve Samples
Reservesample(s)of each batch/lotof test and control
materialswill be taken for this study.

The test and controlmaterial reserve sampleswill be stored at
HWI in a freezer set to maintain a temperature of -20*C ±10*C
for 10 years per HWI SOP. The Sponsor will be contacted after
10 years for disposition in accordancewith the appropriate
regulatory Good Laboratory Practices.

F. Retention
Any unused test material will be returned to the Sponsor after
completionof the in-life phase of the study.

G. Safety Precautions
As required by HWI SOPs and policies

6. ControlMaterial

A. Identification
Distilledwater

B. Physical Description
Clear, colorlessliquid

C. Purity and Stability
The purity and stabilityof this manufacturedmaterialis
consideredto be adequate for the purposes of this study.

D. Storage Conditions
Room temperature

E. Reserve Samples
See Section 5. E. Reserve Samples

F. Retention
Any remainingcontrol material may be used for other testing
and will not be discardedafter issuanceof the final report.

G. Safety Precautions
As required by HWI SOPs and policies

7. ExperimentalDesign

A. Animals

(1) Species
Rabbit

(2) Strain/Source
Hra:(NZW)SPF/HRP, Inc.

00()03.S
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(3)Age at Initiation
Adult

(4) Weight at nitiation
2.0 to 3.0 kg

(5) Number and Sex
12 males and 12 females

(6) Identification
Individual numbered ear tag

(7) Husbandry

(a) Housing
Individually,in screen-bottomstainlesssteel cages
(heavy gauge)

(b) Food
A measured amount of Laboratory Rabbit Diet HF #5326
(PMI Feeds, Inc.). The food is routinelyanalyzedby
the manufacturerfor nutritional components and
environmental contaminants.

(c)Water
Ad libitum from an automatic system. Samples of the
water are analyzed by HWI for total dissolvedsolids,
hardness, and specified microbiologicalcontent and
for selected elements, heavy metals,
organophosphates,and chlorinated hydrocarbons.

(d) Contaminants
There are no known contaminants in the food or water
that would interferewith this study.

(e) Environment
Environmentalcontrols for the animal room will be
set to maintaina temperature of 19'C to 23*C, a
relative humidity of 507.+20%, and a 12-hour
light/12-hourdark cycle.

(f) Acclimation
At least 7 days

(8) Selection of Test Animals
Based on health and body weight according to HWI SOPS. An
adequate number of extra animals will be purchased so that
no animal in obviouslypoor health is placedon test. The
animals will be placed into study groups using a
stratified body weight randomization programwithin nine
days of study initiation.

0()003!)
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(9) Justificationfor SpeciesSelection
Historically,the New Zealand White albino rabbit has been
the animalof choice because of the large amount of
background informationon this species.

B. Dose Administration

(1) Test Groups

Group Test Material
Dose Level Number of Animals
(mg/kq-)-Males Females

1 (Control)Distilledwater 0* 3 3
2 T-6049 5** 3 3
3 T-6049 100 3 3
4 T-6049 500 3 3

To be administered at a dose volume of 2.0 mL/kg
To be administered at a dose volume of .01-mL/kg

(2) Preparation of ExRosure Area
On the day before test material application,the back and,
if necessary(to obtain unblemishedskin), the flanks of
each rabbitwill be clipped free of hair. The shaved area
will constituteapproximately20% of the total body
surfacearea. The treatmentsites (intactskin)will be
inspectedfor interferinglesions,irritation,or defects
that would preclude the use of any of the animals. The
animals will be clipped as needed throughout the study.

(3) Dose Administration
All animalswill receivea singleadministrationof the
respectivetest or controlmaterial. The day of treatment
will be designatedas Day 1. The dose for each animal in
Group 2 will be dilutedwith distilledwater and applied
at a dose volume of .01 mL/kg. The respectivedose for
each animal in Groups 3 and 4 will be applied undiluted.
All doses in Groups 1-4 will be based on the animal's body
weight just before administrationand will be spread onto
the area of exposure in a thin and uniform a layer. The
area of application(Groups1-4) will be coveredwith a
lo-cm x 10-cm gauze bandage secured with gaper tape around
all edges and overwrapped with Saran Wrap and Elastoplast'o
tape to provide an occlusivedressing. The rabbitswill
be collaredduring the 24-hour applicationperiod.

(4) Reason for Route of Administration
The dermalroute is a potentialroute of exposure in
humans.

0()OO-i
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(5) Removal of Test Material
Approximately24 hours after test or controlmaterial
applicationthe bandages and collars will be removed and
the residualtest materialwill be removedusing water or
an appropriatesolvent, if necessary.

C. Observationof Animals

(1) Clinical Observations
For clinicalsigns before test or controlmaterial
administrationand for clinicalsigns and mortalityat
approximately1, 2.5, and 4 hours after test material
administration(Day 1) and daily thereafterfor clinical
signs, and twice daily (a.m.-and p.m.) for mortality for
at least 28 days. Observations may be extended when
directedby the studydirector.

(2) Reading of Dermal Irritation
Before test or controlmaterialadministrationthe initial
dermal irritationreading will be made and recorded as the
Day I reading (Attachment1). Additionaldermal
irritationreadingswill be made approximately30 minutes
after bandage removal (Day 2) and on Study Days 4 and 8.
Individualdermal irritationrecordswill be maintained
for each animal.

(3) Body Weights
For randomization,before test or controlmaterial
application(Day 1), on Day 29, and at unscheduleddeath
(when survival exceeds 1 day)

(4) Sample Collections

(a) Frequency
Before initiation(Day 1), approximately24 hours
post-dose(Day 2), Days 4, 9, 16, 23, and at
experimentaltermination(Day 29)

(b) Number of Animals
All

0()OOILII
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(c) Method of Collection
Blood samples (approximately4 mL) will be collected
from the marginal ear vein of either ear on Days 1,
2, 4, 9, 16, and 23. Approximately 20 mL of blood
(actualvolume to be documented in the raw data) will
be obtained from the posterior vena cava of each
animal sacrificedin a moribund conditionor
sacrificedat the time of necropsy (Day29). The
samples will be stored at room temperature and then
centrifuged,and the separate serum and cellular
fractionsstored in a freezer set to maintain
-200C tIOeC. The separated serum and cellular
fractionswill be sent frozen on dry ice to the
Sponsor after experimentaltermination.

Samples will be shipped to:

James D. Johnson
3M E.E. & P.C.
Bldg. 2-3E-09
935 Bush Avenue
St. Paul, MN 55106

James D. Johnson or alternatewill be notified by
telephone at (612) 778-5294prior to the shipmentof
the samples.

D. Pathology

(1) Unscheduled Sacrifices-and Deaths
Any animaldying during the study or sacrificedin a
moribund conditionwill be subjectedto an abbreviated
gross necropsy examinationand all abnormalitieswill be
recorded. Animals in a moribund conditionwill be
anesthetizedwith sodiumpentobarbital(via injectionin
the marginal ear vein), bled via the vena cava, and
exsanguinated. Tissues, as described in section
D. Pathology,(3) SampleCollection,will be collected.
After necropsy, the animals will be discarded.

(2) Scheduled Sacrifice
At terminationof the experimentalphase (Day 29),
surviving animals will be anesthetizedwith sodium
pentobarbital(via injectionin the marginalear vein),
bled via the vena cava, exsanguinated,and subjected to an
abbreviatedgross necropsyexamination. The animals will
be necropsiedin random order and all abnormalitieswill
be recorded.
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(3) Sami)leCollection
The sitesof test and controlmaterialapplicationwill be
washed with lukewarm tap water prior to the necropsy
procedure. The whole liver, bile, an approximate1-cm x
1-cm sectionof the dermal applicationsite from all
animals,and both kidneys from the first male and female
necopsied in each group will be collected and immediately
placed in a freezer set to maintain a temperatureof -20*C
±10*C. After necropsy,the animals will be discarded.

The tissues(liver,bile, dermalapplicationsite,
kidneys)will be sent frozen on dry ice to the Sponsor
after experimentaltermination. The samples will be
shippedto the personlisted in Section7.C (4).(c). The
Sponsor is responsiblefor the retentionan@ disposition
of the samples.

E. StatisticalAnalyses
No statisticalanalysesare required.

8. Report
A finalreport includingthose items listed belowwill be submitted.

Descriptionof the test and controlmaterials
Descriptionof the test system
Procedures
Dates of experimentalinitiationand termination
Tabulationof mortalitydata by sex and dose level
Descriptionof any toxic effects/dermalirritation
Tabulation of mean body weights by sex and dose level
Gross pathology findings/grosspathology report

9. Location of Raw Data, Records, and Final Report
Originaldata,or copies thereof,will be availableat HWI to
facilitateauditingthe study during its progressand before
acceptanceof the final report.:When the final report is completed,
all originalpaperdata, includingthose item listedbelow will be
retained in the archives of HWI according to HWI SOP.

Protocol and protocol amendments
Dose preparation records
In-liferecords
Body weights
Dose administration
Observations

Anatomical pathology records
Sample collection records
Shipping records
Study correspondence
Final report (originalsignedcopy)
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The followingsupportingrecordswill be retained at HWI but will
not be archivedwith the study data.

Animal receipt/acclimationrecords
Water analysis records
Animal room temperature and humidity records
Refrigeratorand freezer temperaturerecords
Instrument calibration and maintenance records
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PROTOCOL APPROVAL

z .

John L. Butenhoff, PhD Date
Sponsor's Representative
3M Toxicology Service Medical Department

Steven'M. Glaza Date
Study Director
Acute Toxicology
Hazleton Wisconsin, Inc.

117,1
@gesentative Date
Quality Assurance Un-tt:j
Hazleton Wisconsin, Inc.

(6329-130.protdsk2)
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Attachment I

Scoring Scale for Acute Dermal Reactions

Erythema

0 - None
I - Slight
2 - Moderate
3 - Severe

Edema

0 - None
1 - Slight (barelyperceptibleto well definedby definiteraising)
2 -.Moderate (raised approximately1 mm)
3 - Severe (raised more than 1 mm)

Atonia

0 - None
I - Slight(slightimpairmentof elasticity)
2 - Moderate (slow returnto normal)
3 - Marked (no elasticity)

Desnuamation

0 - None
1 - Slight(slightscaling)
2 - Moderate (scalesand flakes)
3 - Marked (pronouncedflakingwith denuded areas)

Coriaceousness

0 - None
1 - Slight(decreasein pliability)
2 - Moderate (leatherytexture)
3 - Marked (tough and brittle)

Fissuring

0 - None
I - Slight(definitecracksin epidermis)
2 - Moderate (cracksin dermis)
3 - Marked (crackswith bleeding)
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HAZLC-CC:N
W I S C 0 N S I N
POST OFFICE BOX 7545
MADISON. Wi 53707-7545 CORNUYG Company

PROTOCOL TP3016.AB

Single-Dose Dermal Absorption/ToxicityStudy
of T-6049 in Rabbits

HWI .6329-130

Sponsor Contractor

3M Toxicology Service Hazleton Wisconsin, Inc
Medical Department 3301 Kinsman.Boulevard

3M Center, Bldg. 220-2E-02 Madison, Wl 53704
P.O. Box 33220
St. Paul, MN 55133-3220

Soonsor's Representative Study Director

John L. Butenhoff, PhD Steven M. Glaza'

Amendment No. I

This amendmentmodifies the following portionsof the protocol:

Effective January 10, 1995

1. Page 6. 7. ExperimentalDesign; B. Dose Administration,(3) Dose
Admi-nistration.Animal Nos. F53355 (Group3 female) and
F53398 (Group2 female) were sacrificedon Day 2 due to injury (apparent
broken backs). These animalswill be replacedin this study.
Replacement animalswill be dosed, bled, and necropsied (includes tissue
collection) at the same time as the animals in another3M sponsored
study (6329-137). Add the followingas the second paragraphto this
section:

Due to the sacrifice on Day 2 of one Group 2 female
(Animal No. F53398) and one Group 3 female (Animal No.
F53355), replacementanimals will be treated at the respective
dose levels tn the same manner as for the other animals in the
study. The observations(clinicalobservations,reading of dermal
irritation,and body weights) and the pathologyof the animals
(unscheduledsacrifices and deaths, scheduledsacrifice, and
sample collection)will be conducted in the same manner as for the
other animals in the study. The method of blood sample collection
will be in the same manner as for the other animalsin the study.
The frequencyof blood collectionwill be as follows:

Before initiation(Day 1), approximately24 hours post-dose
(Day 2), Days 4, 8, 15, 22, and at experimentaltermination
(Day 29).
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Amendment No. I HWI 6329-130
Page 2

Effective January 24, 1995

At the request of the Sponsor, the weights of tissues collected and the volume
of bile collected will be documentedin the raw data. These weights and
volumes will be included with the sample shipment. Modify the following
sectionsof the protocolto includethese additions.

2. Page 9. 7. ExperimentalDesign: D. Pathology:(3) Sample Collection.
Modify the second sentence in the first and second paragraphsof this
sectionwith the followingunderlinedadditions:

The whole liver, bile, an approximate1-cm x 1-cm section of the
dermal applicationsite from all animals, and both kidneys from
the first male and female necropsiedin each group will be
collected,weighed (volumeonly determinedfor bile). and
immediatelyplaced in a freezer set to maintain a temperatureof
-200C tlO*C.

The samples and their correspondingweights or volumes will be
shippedto the personlisted in Section7.C.(4).(c).

3. Page 9. 8. Report. Add the followingto this section:

Individualanimal tissueweights and bile volumes

PROTOCOL AMENDMENT APPROVAL

-7. /*

'6a-t eJoh'nL. Butenhoff, PhD
Sponsor's Representative
3M Toxicology Service Medical Department

Steven M. Glaza L3 Date
Study Director
Acute Toxicology
Hazleton Wisconsin, Inc.

Representativfi Date
Quality Assurance Unit
Hazleton Wisconsin, Inc.

(6329-130.Aml.dsk2)
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1.0PURPOSE

ThepurposeofthisstudyistoassessthedermalabsorptionofFC-95(T-6049)in
rabbitsaftera singledermal dose of FC-95.

2.0 TEST MATERIALS

2.1Test,Control,and Reference Substances and Matrices

2.1.1AnalyticalReference Substance: FC-95, lot161 or 171.They are
equivalent.
2.1.2AnalyticalReference Matrix: Bovine liverand bovine serum -
2.1.3 Analytical Control Substance: None
2.1.4 Analytical Control Matrix: Bovine liver and bovine serum

2.2 Source of Materials: 3M ICP/PCP Division (2.1.1), grocery store (2.1.2, 2.1.4
liver),Sigma Chemical Company (2.1.2,2.1.4serum)

2.3Number ofTest and Control Samples: Tissuesand fluidsfrom 18 test
animalsand 6 controlanimals.One animal was replacedon day 2 (animalF53398
inthe 5 mg/kg dose group replacedby animal F52999).Tissuesand fluidsinclude
liver,,kidney,serum,cellularfraction,dermal applicationsiteand bile.Analysisof
thesetissueswillbe atthediscretionofthe Study Director.

2.4IdentificationofTest and Control Samples: The samples areidentifiedusing
theHWI animal identificationnumber which consistsofa letterand fivedigit
number, plusthetissueidentityand day identity(serum).

2.5Purity and Strength of Reference Substance: To be determinedby Sponsor.ep

2.6 Stability of Reference Substance: To be determined by Sponsor.

2.7 Storage Conditions for Test Materials: Room temperature (2.1.1),
-20± 100C (2.1.2,2.1.4).Testand Controlsamples willbe receivedaccordingto
AMDT-S-10-0.

2.8DispositionofSpecimens: Biologicaltissuesand fluidswillbe retainedper
GLP Regulationforthetime periodrequiredstudieslongerthan28 days.

2.9 Safety Precautions: RefertoappropriateMSDS. Wear appropriatelaboratory
attire.Use cautionwhen handlin(yknivesforcuttinc,thesamples.
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3.0 EXPERIMENTAL -Overview

Rabbitswere dosed with T-6049 ina controlgroup,5 mg/kg, 100 mg/kg, and 500
mg/ka dennally. (See HWI#6329-130 fordosing,animal weicrhts,tissuecollection,

0
t:p

etc.) Tissuesand serum areavailablefrom theseanimalsforanalysisoftotal
organicfluorinecontent.At thediscretionoftheStudy Directorsampleswillbe
analyzedtothe extentnecessarytoprovideinformationtoassessthe extentof dermal
absorption.

4.0 EXPERIMENTAL - Methods

4.1Liver and Serum screening methods: (attached)

4.1.1AMDT-M-1-0, Thermal ExtractionofFluorideby Means ofa Modified
Dohrmann DX2000 OrganicHalideAnalyzer-Liver

4.1.2AMDT-M-2-0, FluorideMeasurement by Means of an Orion EA940
Expandable Ion Analyzer

4.1.3AMDT-M-4-0, Extractionof Fluorochemicalsfrom RabbitLiver

4.1.4AMDT-M-5-0, Analysisof RabbitLiverExtractforFluorochenmicals
Using ElectrosprayMass Spectrometry

5.0DATA ANALYSIS

5.1Data Reporting: Datawillbe reportedasa concentration(weight/weight)of
fluoridepertissueor fluid,or asFC-95 pertissueor fluid.Statisticsused,atthe
discretionof the Study Director,may includeserum averagesand standard
deviationsof concentrationsfordifferentdose groups. Ifnecessary,simple
statisticaltestssuch asStudent'sttestmay be appliedtodeterminestatistical
difference.

6.0 MAINTENANCE OF RAW DATA AND RECORDS

6.1 Raw Data and Records: Raw data,approvedprotocol,appropriatespecimens,
approved finalreport,and electronicdatawillbe maintainedintheAMDT Archives.
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7.0 REFERENCES

7.1 AMDT-S-10-0, Sample TrackingSystem

8.0 ATTACHMENTS

8.1AMDT-M-1-0, Thermal ExtractionofFluorideby Means of a Modified
Dohrmann DX2000 Organic HalideAnalyzer-Liver

8.2AMDT-M-2-0, FluorideMeasurement by Means ofan Orion EA940
Expandable Ion Analyzer

8.3AMDT-M4-0, ExtractionofFluorochemicalsfrom RabbitLiver

8.4AMDT-M-5-0, AnalysisofRabbitLiverExtractforFluorochenmicalsUsing
ElectrosprayMass Spectrometry
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1.0 SCOPE. APPLICABLE COMPOUNDS, AND MATRICES

1.1Scope:Thismethod isfortheoperationofa Dohrmann DX2000 when itisused toextract
fluoridefromvariousmatrices.The fluorideistypicallycollectedinTISAB solutionforanalysis
withan ionselectiveelectrode.
1.2ApplicableCompounds: Fluorochemicalsor otherfluorinatedcompounds.
1.3Ntatrices:Biologicaltissues,particularlyliver.

2.0 KEYWORDS

2.1Fluoride,fluorine,extraction,pyrolysis,ionization,ionselectiveelectrode,Dohmiann, halide,
DX2000, fluorochemicals.

3.0 PRECAUTIONS

3.1Glasswareand exhaustgasescan be extremelyhot.
3.2Glasswareisfragile,brokenglassmay causeinjuries.
3.3Pressurizedgases,propercompressedgashandlingpracticesrequired.
3.4Solventbasedsamplesmay flash,may need toallowthem todrydown beforestartingrun.
3.5Potentialbiohazardsdue tothebiologicalmatrices.Use appropriatepersonalprotective
equipment.

4.0 SUPPLIES AIND MATERIALS

4.1Compressed Oxygen, Hydrocarbon free,regulatedto30 PSI.
4.2Compressed Helium,High PurityGrade,regulatedto45 PSI.
4.3QuartzglasssampleboatwithTeflonTMtubing,Dohrmann 890-097orequivalent.
4.4Quartzglasscombustiontube,RelianceGlass G-9405-012orequivalent.
4.5Orion940999TotalIonicStrengthAdjustmentBuffer(TISAB 11)orequivalent.
4.6Sample collectionvials,HDPE.
4.7Milli-QT@,iwater
4.8Polystyrenepipettes.
4.9ActivatedCharcoal,E. Merck 2005 orequivalent.
4.10HamiltonSyringeor equivalent.
4.11Miscellaneouslaboratoryglassware

5.0 EQUIPMENT

5.1Rosemount Dohrmann DX2000 OrganicHalideAnalyzer,modifiedforfluorideextraction.
5.2IBM compatible386 or486 computer.
5.3DX2000 software,version1.00,modifiedforfluorideextraction.
5.4ExcelSpreadsheet,version5.0orgreater

6.0 INTERFERENCES

6.1 Sample sizeislimitedtoapproximately150mg, dependingon samplemoisturecontent.This
may varyfrommatrixtomatrix.

2
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7.0 SAMPLE HANDLING

7.1Samples arenottobe handledwithbarehands.Fluoridemay leachfrom theskintothe
sample. Use forcepsor probetotransfertissues.
7.2Samplesof liverarecutfrom frozenliverand placedina taredand labeledweigh boat.Use a
cleanscalpeland cuttinaboard.The cuttingboardandscalpelshouldbe cleanedwithwater,
methanol,ormethanol-watersolutionaftereachliveriscut.

8.0 CALIBRATIOIN AND STANDARDIZATION

8.1PreparationofCalibrationStandards

8.1.1Thestandardsrequiredforeachprojectwillneedtobeappropriateforthatindividualproject.
Refertoprotocolforthatproject.
8.1.2Typically50-500ppm FC-95 inmethanolstandardsareused.
8.1.3For rabbitliverstudies,usebeefliverasthematrix.Cut a pieceoffrozenbeefliver(100-
150 mg) and weigh itina labeledand taredweighboat.

8.2Calibration-Overview

The normalcalibrationisthefluoridecurve(AMDT-M-2). However,ifanoptionalspikedliver
curveisrequiredtheprocedurelistedbelow isused.

8.2.1A calibrationcurvefortheDX2000 isgeneratedby spikingsampleswithknown standards
and combustingthem usingthesame methods and matrixtypeasthesamplestobe tested.
8.2.2Typically,threereplicatesofeachstandardand fiveconcentrationsofstandardswillbe
spiked.
8.2.3Standardcurvewillbe plottedasMass SpikedF (ug)on thex-axisandStandardMass
RecoveredF (ug)on they-axis.Generatea regressioncurveand calculatetheequationfortheline
and ther2 value.
8.2.4Mass SpikedF (uL,)= (Amount spikedinmL) x (Conc.ofstandardinppm) x (0.6004)*

*FC-95 is60.04% F therefore0.6004isthefactorusedtoconvertFC-95 toF
8.2.5StandardMass RecoveredF (ug)= (TISAB volumeinnlL)x (Orionreadinginppm)

8.3Calibration-Procedure

8.3.1StartUp
8.3.1.1Run 2 ormore CleanCycleswhen startinginstrumenteachday. More cleancyclesmay
be usediftheprevioussamplescontainedhighconcentrationsoffluoride.

8.3.2Blanks
8.3.2.1Preparesampleusingthesame methods and typeofmatrixasthetestsample.
8.3.2.2For rabbitstudies,usebeefliverasthematrix.Prepareatleast3 samplesofbeefliver
(100- 150 mg) forblanks.
8.3.2.3Put sample inDohrmann boat.Combust eachsampleasdescribedinsection9.0and
analyzesample accordinatomethod AMDT-NI-2 fortheionselectiveelectrodeanalysis.
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8.3.2.4Forrabbitstudies,themeterreadingforablanksampleshouldbe0.03ppm orlower
beforeproceedingwiththecalibration.Bum samples untilthislimitisreached,or untilinthe
judgement of theoperatorthereadingisstablewithrespecttohistoricalreadings(previous48
hours).
8.3.2.5For non-rabbitstudies,theblank readingsshould reacha predetem-dnedionconcentration
beforeproceedingwith thecalibration.
8.3.2.6Itmay be necessaryton-Lixapproximately50 mg of charcoalwith thesample toaid
combustion.

8.3.3 Standard Curve
8.3.3.1Weigh outatleast15 matrixsamples (5 standardswith 3 replicateseach)intaredand
labeledweigh boats.For rabbitstudies,weigh 100-150 mg beefliversamples. Record weights in
studydata.Storethematrix samples on dry iceor icepacks tokeep them frozenuntilused.
8.3.3.2 Place weighed beefliversample inDohrmann sample boat.
8.3.3.3Startwiththeloweststandardconcentration.Using a Hamilton syringe,ejecta fixed
quantityof thestandardon or inthematrix.For rabbitstudies,use 4 uL of standardand ejectiton
orinthebeefliver.
8.3.3.4At least3 replicatesshould be used forthelowest standardconcentration;more replicates
may be used atthediscretionoftheanalyst.
8.3.3.5Combust thesample asdescribedin section9.3and analyzeaccordingto AMDT-M-2.
8.3.3.6Run all15 standards.Ifone replicateissignificantlydifferentfrom theothertwo
replicates,run anothersample forthatstandard.Indicateindatathatthenew replicatereplacesthe
oldreplicateand thatthenew replicatewillbe used to calculatetheregressioncurve.

8.3.3.7When allstandardshave been run,calculatethe r2. r2 must be atleast0.95.Ifitisnot at
least0.95,consultwithsupervisor.
8.3.3.8A new standardcurveshouldbe run when thecombustion tubeor sample matrixis
changed. New standardcurvemay alsobe rwi atthediscretionof theanalyst.

8.4 Storage ConditionsforStandards

8.4.1Storage requirementsforstandardsaredependent on theindividualstandardsused.
Typically,standardsarestoredatroom temperatureinplasticscrew topbottles.
8.4.2 New FC-95 standardsshould be preparedatleastonce a month.

9.0 PROCEDURES

9.1TypicalOperating Conditions:
9.1.1Combustion tubetemperature= 9500C.
9.1.2Oxygen and Helium flow= 50 cc/minute.
9.1.3Vaporization/Dryingtime= 240 seconds.
9.1.4Bake time = 300 seconds.

9.2StartUp Procedure:
9.2.1Iftheprogram isnot started,starttheEOX program on thePC.
9.2.2Open the SYSTEM SETUP window.
9.2.3Put the furnacemodule and thecellintheREADY mode.
9.2.4Close the SYSTEM SETUP window.
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9.2.5When theoven has reachedtheREADY temperature,run theCLEAN BOAT program
found intheCELL CHECK menu.
9.2.6See ANIDT-EP-3 fordetailsoftheDohrmann software.

9.3Sample ExtractionProcedure:
9.3.1Open theSAMPLE HATCH and placethesample inthe BOAT. Itmay be necessaryto
n-dxapproximately50 mg ofcharcoalwiththesample to aidcombustion. Ifthisisdone, charcoal
shouldalsobe mixed in whileestablishingthebaselineand when generatingthestandardcurve.
9.3.2Close SAMPLE HATCH.
9.3.3Add appropriatevolume ofTISAB solutionor 1:1 TISAB:Milli-QTN'watermixturetoa
labeledsample collectionvial.Typically0.6niL to15 mL areused. For rabbitstudies,use 1.0or
2.0mL of 1:1 TISAB:Milli-QTIIIwatermixture.
9.3.4Placethe vialso thatthetipoftheCOMBUSTION TUBE isintheTISAB atleast0.25
inches.Gases releasedduringpyrolysismust bubble throughtheTISAB.
9.3.5Run theEOX-SOLIDS program found intheRUN menu.
9.3.6When theEOX program isfinished,remove thecollectionvialfrom thecombustion tube.
9.3.7 IfundilutedTISA.B was usedto collectthesample,add an equalvolume of Milli-QTmwater
totheTISAB tomake 1:1TISAB:Milli-QTM.
9.3.8Rinse theend of thecombustiontubewith&Elli-QTMwater and wipe with a KIMWIPE to
remove any TISAB remainingon thetube.
9.3.9 Open thesample hatchand remove any remainingash from theboat. Ash can be removed
with a cottontippedapplicatororvacuumed out. Itmay be necessarytoscrapparticlesoffthe
bottom witha spatulaorothersimilardevice.A dropof Milli-QTMwater may be added tothe
boatto aidintheClean Cycle.
9.3.10 Close thehatch.
9.3.11 Run theCLEAN BOAT program.
9.3.12Sample isreadyforanalysisby ionselectiveelectrode(AMDT-M-2).

9.4 Sample Calculations

9.4.1Use thestandardcurvetocalculatethesample value.
9.4.2 Sample Mass Recovered F (ug)= (TISAB volinmL) x (Orionreadinginppm -intercept

(Slope)

10.0 VALIDATION

10.1QualityControl
10.1.1Daily Start Up Check Samples: Once thestandardcurve isestablished,each day of
analysisisstartedby analyzingQC samples. The QC samples aretobe thesame as thelowest
concentrationspikedsamples used togeneratethestandardcurve. Each concentrationmust be
done in triplicateunlessthefirsttwo replicatesarewithin20% of thestandardcurve,then a third
replicateisnotnecessary.

10.2 Precisionand Accuracy: See method development analysisand sample analysisin
FluorideNotebooks 2,3,and 5. Precisionand accuracyvarieswhen analyzingsamples of different
matricesand differentreferencecompounds.

10.3 Other ValidationParameters: NA
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11.0 DATA ANALYSIS

11.1Calculations

11.1.1Forthestandardcurve,useregressionanalysisinExcel,version5.0orgreater.
11.1.2To calculatethefluoridecontractioninthesample,seemethodAMDT-M-2.

11.2 Analyzing theData

11.2.1r2mustbeatleast0.95orgreater."Outliers"may be excludediftwo ofthethreereplicates
arewithin20% ofeachotherand theoutlierisgreaterthan200% oftheaverageofthosetwo or
lessthan50% oftheaverageofthosetwo. Any suchoutliersshouldbe pointedoutinthedataand
notedintheFinalReportalongwiththereasonitwas consideredan outlier.

12.0 ATTACHMENTS

None

13.0 REFERENCES

13.1Rosemount Dohnnann DX2000 OrganicHalideAnalyzerOperator'sManual (Manual915-
349,revisionB, December 1993)
13.2 ANMT-M-2 FluorideMeasurementby Means ofan OrionEA940 ExpandableIon
Analyzer
13.3AMDT-EP-3 RoutineMaintenanceofa ModifiedDohrrriannDX2000 OrganicHalide
Analyzer

14.0 REVISIONS

Revision Revision
Numbe Reason forChange Date
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1.0 SCOPE. APPLICABLE COMPOUNDS, AND MATRICES

1.1SCOPE: Thismethod isforthecalibrationand operationofan OrionEA940 Expandable
IonAnalyzer.

1.2APPLICABLE COINTPOUNDS: Fluoride.

1.3APPLICABLE MATRICES: Liquidsamplesinanappropriatebuffersolution.Preferred
pH of 6.0.

2.0 KEYWORDS

2.1Fluoride,fluorine,ionselectiveelectrode

3.0 PRECAUTIONS

3.1No hazardsidentifiedwiththismethod.

4.0 SUPPLIES AND MATERIALS

4.1Orion940999TotalIonicStrengthAdjustmentBuffern (TISABII)orequivalent.
4.2OrionModel 900001 electrodefillingsolution(AgCl)orequivalent.
4.3Orion940907 100ppm fluoridestandardorequivalent.
4.4Milli-QTIIIwateror equivalent.
4.5Magneticstirbars.
4.6Lab tissues.
4.7Sample collectionvials.
4.8Plastic100mL volumetricflasks.
4.9Polystyrenepipettes.
4.10Miscellaneouslaboratoryglassware.

5.0 EQUIPMENT

5.1OrionModel EA940 ExpandableIonAnalyzerorequivalent.
5.2OrionModel 960900 SolidStateCombinationFluorideelectrodeorequivalent.
5.3MagneticStirPlate.
5.4IBM compatible386 or486 computer(onlyneededifusingOrion3E software).
5.5OrionRS232 interfacecable(onlyneededifusingOrion3E software).
5.6MicrosoftExcel5.0(onlyneededifusingOrion3E software),

6.0 INTERFERENCES

6.1Itisrecommended thatthepH be atornear6.0.A 1:1 mixtureofTISAB and sampleIN4illi-
Q TlllwaterwillgenerallybringsampletopH of6.0.
6.2Sample temperaturemay effectfluoridemeasurement.Itisrecommended thatthesamplebe
atroom temperatureasthestandardswere when themeterwas calibrated.
6.3The ratethesamplesarestirredatshouldbe consistentwiththeratethestandardswere stirred.
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6.4Airbubblestrappedunderelectrodecangiveerroneousreadings.Make sureno airistrapped
under electrode.

7.0 SAINIPLE HANDLING

7.1 No specialhandlingnecessary.

8.0 CALIBRATION AND STANDARDIZATION

8.1 Preparation ofCaUbration Standards
8.1.1Measure 50 m]L of TISAB IIinto5 100 mL plasticvolumetricflasks.
8.1.2Label theflasksas0.05,0.1,0.5,1.0,and 1.5ppm F-,alongwiththedateand your initials.
8.1.3Pipette0.05,0.1,0.5,1.0,and 1.5niLof 100ppm fluoridestandardintotheappropriately
labeledflasks.
8.1.4Add approximately30 mL ofMilli-QTMwatertoeachflask.
8.1.5Shake theflaskstomix thesolutions.
8.1.6Eliminateairbubblesfrom theflasksby tippingtheflaskson theirsidesand rollingtheairin
theflasksover theairbubbles.
8.1.7Bring thevolume intheflasksup tothe100mL mark witliMiUi-QTM water.
8.1.8Invertand shake theflasksforthefinalmixing,
8.1.9Record standardsinStandardsLog Book.

8.2Calibration
8.2.1Ifnecessary,remove tapefrom electrodefillinghole.
8.2.2Invertprobe towet topseal.
8.2.3Ejecta few dropsoffillingsolutionfrombottom ofelectrodetowet lowerseal.
8.2.4Filltheelectrodewithfillingsolution.
8.2.5The meter and theF-electrodearetypicallycalibratedby directmeasurement withno blank
correction,usingstandardswithconcentrationsof0.05,0.1,0.5,1.0,and 1.5ppm F-,following
themanufacturer'sinstructions.
8.2.6Record theslopeintheappropriatelogbook.
8.2.7Clean theelectrodeby rinsingwithMilli-QTIIIwaterand wipingthesidesdown withlab
tissues.

8.3 StorageConditionsforStandards
8.3.1Calibrationstandardsarestoredatroom temperature,

9.0 PROCEDURES

9.1Calibrationand inleasurement,Standard method:
9.1.1The sample tobe measured needstobe mixed withTISAB usingtheproportions
recommended by theTISAB manufacturer.
9.1.2Placea stirbarinthesample and placethesample on thestirplate.
9.1.3Allow thesample tomix fora few secondsbeforeinsertingtheelectrode.When the
electrodeisinserted,make surethereareno airbubblestrappedundertheelectrode.
9.1.4The sample shouldbe thesame temperatureas thecalibrationstandardsand stirredatthe
same rateas thecalibrationstandards.
9.1.5@Vhen thereadingshave stabilized,recordthereadingintheappropriatelogbook.
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9.2CalibrationAnd Nleasurement,UsingOrion 3E Software:

9.2.1Calibration:
9.2.1.1Follow steps8.2.1to8.2.4.
9.2.1.2PressFunctionKey #8 (F8).
9.2.1.3The computer screenwillask you to confirm thenumber of standardstobe used,
concentrationof thestandards,and whether or nota blankistobe includedinthecalibration.
Make any necessarychanges totheinformationpresentedand clickon CONTINUE.
9.2.1.4Placetheelectrodeinthefirststandardon thestirplateand clickon CONTINUE.
9.2.1.5Observe thereadingson thegraphicdisplayon thecomputer. When thereadingshave
stabilized,pressACCEPT READING.
9.2.1.6Repeat step9.2.1.4and 9.2.1.5fortheremainingstandards.
9.2.1.7Afterthefinalstandard,thecomputer willdisplaytheslopeof thecurve,aswellas the
interceptand correlation.Record theslope,intercept,and correlationintheappropriatelogbook
and clickon CONTINUE. The calibrationdataisautomaticallycopiedtoC:\Orion\Data\Calib.txt.

9.2.2Data Spreadsheet:
9.2.2.1SelecteitherNEW orOPEN from theFILE menu toopen a new orexistingspreadsheet
tostoredata in.
9.2.2.2Record thename of thespreadsheetused in theappropriatelogbook.

9.2.3FluorideMeasurement:
9.2.3.1Follow steps9.2.1through9.2.4
9.2.3.2Enter thename of thesample intheappropriateplaceon thescreen.
9.2.3.3Clickon theNEW SAMPLE button
9.2.3.4When thereadingshave stabilized,clickon theRECORD buttonand writetheresultinthe
appropriatelog book.

10.0 VALIDATION

10.1 QualityControl:

10.2 Precisionand Accuracy

10.3 Other ValidationParameters According toReference 13.2,therangeof detectionis0.02
ppm fluorideup to a saturatedsolutionof fluoride.

11.0 DATA ANALYSIS

11.1 Calculations None necessary.

11.2 Analyzina theData None necessary.

12.0 ATTACH,,NIENTS

None

13.0 REFERENCES
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13.1Orion Model EA940 Expandable IonAnalyzerInstructionManual,Orion Research
Incorporated,1991.
13.2Orion Model 960900 SolidStateCombination FluorideElectrodeInstructionManual, Orion
ResearchIncorporated,1991.

14.0 REVISTONS

Revision Revision
Numbe Reason forChanize Date
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1.0 SCOPE
1.1 Scope: Thismethod isfortheextractionof fluorochemicalsfrom rabbitlivers.

Ethyl acetateisused toextractfluorocherrficalsfrom theliversforanalysisby
electrospraymass spectroscopy.

1.2 Applicable Compounds: Fluorochemicalsor otherfluorinatedcompounds.
1.3 Matrices: RabbitLivers.

2.0 KEYWORDS
2.1 Fluorochemicals,rabbitlivers,electrospraymass spectrometer,fluorinated

compounds, extraction.

3.0 PRECAUTIONS
3.1 Use gloveswhen handlingtherabbitlivers,theymay containpathogens.

4.0 SUPPLIES AND MATERIALS
4.1 Supplies

4.1.1 Syringe,capableofmeasuring 100 gL
4.1.2 Eppendorf typeor disposablepipets
4.1.3 Gloves
4. IL.4 Plasticgrindingtubes
4.1.5 Plasticcentrifugetubes,15 niL
4.1.6 Labels
4.1.7 Nitrogen
4.1.8 Timer
4.1.9 Filters,Titannylon syringefilters,0.2 gm.
4. 1.10 Analydcalpipets:glassvolumetdc pipets.
4. 1.11 Disposableplastic3 cc syringes.
4. 1.12 Crimp cap autovials.

4.2 Reagents
4.2.1 Aqueous Ammonium Acetate(Aldrich),approx.250 ppm: Preparea 2500

ppm aqueous solutionof ammonium acetateby adding 250 mg ammonium
acetatetoa 100 mL volumetricflaskand dilutetovolume withMilli-Q
water.Dilutethissolution1:10 fora 250 ppm solution.

4.2.2 Sodium carbonate/Sodium BicarbonateBuffer(J.T.Baker),
(Na2CO3/NaHC03) 0.25M: Weigh 26.5g ofsodium carbonate(Na2CO3)
and 21.0g ofsodium bicarbonate(Na]HC03) intoa 1L volumetricflaskand
bringtovolume withMilli-Qwater.

4.2.3 Diluteacetoniffilesolution,diluteacetonitrile1:1 withMilli-Qwater.
4.2.4 EthylAcetate
4.2.5 Methanol
4.2.6 MIW-Q water
4.2.7 IH,IH,2H,2H -perfluorooctanesulfonicacid(Aldrich)
4.2.8 FC-95 (3M SpecialtyChemicalDivision)

2
0()006(;



5.0 E!QUIPMENT
5.1 Ultra-TurraxT25 Grinderforgrindingliversamples.
5.2 Vortexmixer
5.3 Centrifuge
5.4 Shaker
5.5 AnalyticalEvaporator

6.0 INTERFERENCES
6.1 nere areno known interferencesatthistime.

7.0 SAMPLE HANDLING
7.1 Ile rabbitfiversarereceivedfrozen,and must be keptfrozenuntiltheextractionis

performed.

8.0 CALIBRATION AND STANDARDIZATION
8.1 Preparationof InternalStandards

8.1.1 Preparean internalstandardofapproximately12ppm 1H,IH,2H,2H-
perfluorooctanesulphonicacidtobe added toeach liversample.

8.1.2 Weigh atleast0.1 g of 1H,1H,2H,2H-perfluorooctanesulphonicacidintoa
100 mL volumetricflask.Record theactualweight.

8.1.3 Bringitup tovolume withmethanol,thisisthestockstandarcl
8.1.4 To a 250 mL volumetricflask,add 3 mLs ofthestockstandardand bringto

volume with Milli-Qwater.Calculatetheactualconcentrationofthe
standard.

actualmg perfluoroctane-
sulphonicacid X 3 mL actualconcentration,ppm

0.1L 250 mL

8.2 Prepare FC-95 Anion Standards
8.2.1 PrepareFC-95 standardsforthestandardcurve.
8.2.2 Weigh approximately100 mg of FC-95 intoa 100mL volumetricflask.

Record theactualweight.
8.2.3 Bringup tovolume withdiluteacetonitrile.
8.2.4 Dilutethesolutionwithdiluteacetonitdle1:10 fora solutionof

approximately100 ppm. Dilutethissolution1:10 withdiluteacetoniagefor
a solutionofapprox.10 ppm.

8.2.5 Use the10 ppm solutiontomake working standardswithvaluescloseto
5.0ppm, 1.0ppm and 500 ppb.

8.3 Prepare Beef Liver Homogenate to Use for Standards
8.3.1 Weigh 40 gofBovineliverintoa250mL Nalgenebottlecontaining

200 mLs Milli-Qwater.Grind toa homogenous solution.
8.3.2 Add 1mL ofthesolutiontoa 15mL centrifugetube.Preparea totalofeight

I n-lLaliquotsof thesolutionin15 mL centrifugetubes.Be suretore-
suspend solutionby shakingitbetween aliquots.
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8.3.3 SpikesevenoftheI mL aliquotswiththefollowingamountsofworldng
standardsinstep9.12of theprocedure.One I mL aliquotservesas the
blank.

Working Standard UL Approximatefinal
(ApproximateConc.) concentrationof

FC-95 inliver
- Blank

500 ppb 100 0.292ppm
500 ppb 2W- 0.5 4 ppm
500 ppb 3W- 0.877 ppm
500 ppb 400 1.168 ppm
1ppm 500 2.924 ppm
5 p m 200 5.848 ppm
5 ppm 300 8.772 ppm

8.4 Calculatetheactualvalueof thestandards:

uL ofstandardx concentration(in1212m)= finalconcentration(ppm)
171 mg liveF/1 ml homogenate ofFC -95inliver

*Average weightofbovineliverinsolutionasdeterminedby weighing
I mL homogenatesof40 mg liverin200 mL ofNOI-Q water.The amount of
FC-95 isreportedasequivalentsofFC-95 potassiumsalt.

8.5 Calibration
8.5.1 Extractthespikedbeefliverhomogenate following9.13to9.23of this

method. Use thesestandardstoestablishyour curveon themass
spectrometer.

8.5.2 Alternatively,a standardcurvemay be generatedusingratiosofresponses
of theperfluorooctansulfonateanionand theinternalstandardanionversus
concentrationof theperfluorooctanesulfonateanion.

8.6 Storage Conditionsfor Standards
8.6.1 New standardsarepreparedwith eachanalysis.Standardsarestoredin

coveredplasticcentrifugetubesuntiltheanalysison themass spectrometer
isperformed.

8.7 Storage Conditionsfor Standards
8.7.1 Beef liverhomogenatesmay be frozenafterpreparation.

9.0 PROCEDURLFS
9.1 Obtainfrozenliversamples.Inspenttissue,notethattheliverhasnotbeen

packaged withothertissues.
9.2 Use a dissectingscalpeland cutoffapproximatelyI g of liver.
9.3 Weigh thesampledirectlyintoa taredplasticgrindingtube.
9.4 Record theliverweightinthestudynotebook.
9.5 Puta labelon thevialwiththestudynumber, weight,rabbitDD,dateand analyst

initials.
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9.6 Add 2.5mLs water.
9.7 Grind thesample.Putthegrinderprobeinthesampleand grindforabout2

minutes,untilthesampleisa homogeneous solutionwithno largechunks.
9.8 Rinsetheprobeoffintothesample with2.5mLs waterusinga pipet.
9.9 Take thegrinderapartand cleanitwithmethanolaftereach sample.Follow

AMDT-EP-22.
9.10 Cap thesample and vortexfor15 seconds.
9.11 Pipet1 mL intoa 15 mL centrifugetube.Labelthecentrifugetubewiththeidentical

infor-mationasthegrindingtube.(SeeAMDT-M-4 Worksheet fordocumenting the
r-emainingsteps.)

9.12 Spikethebeefliverhomogenates withtheappropriateamount of FC-95 standard
as describedin8.3.

9.13 SpikethesamplesandbeefHver homogenates with 100 uL ofinternalstandard.
9.14 Add I mL ofthesodium carbonate/sodiumbicarbonatebufferand ImL ammonium

acetate.
9 15 Using an analyticalpipet,add 5 mL ethylacetate.
9:16 Cap the sample and vortex20 to30 seconds.
9.17 Put them intheshakerfor20 min.
9.18 Centrifugefor20 to25 minutes,untilthelayersarewellseparated.Setthepower

on thecentrifugeto25.
9.19 Remove 4 mLs ofthetoporganiclayertoa fresh15 mL cenftifugetubewith a 5

mL graduatedglasspipet.Transferthelabeltothefreshtube.
9.20 Blow thesampledown on theanalyticalevaporatortoneardrynesswithnitrogen,

approximately30 to40 minutes.
9.21 Bring theremainingsampleup in1 mL diluteacetoniauewithan analyticalpipet.
9.22 Vortex 15 seconds.
9.23 Transferthesampletoa 3 mL syringe.Attacha 0.2gm nylon mesh filter,and filter

thesampleintoa freshcentrifugetubeora autovial.Label thetubeorvialwiththe
studynumber and animalnumber.

9.24 Cap and holdforanalysisby electrospraymass spectroscopy.
9.25 Complete AMDT-M-4 worksheetand attachtopage ofstudynotebook.

10.0 VALIDATION
10.1 QualityControl-notapplicable
10.2 Precisionand Accuracy-not applicable
10.3 Other ValidationParameters-notapplicable

11.0 DATA ANALYSIS
11.1 None

12.0 ATTACHMENTS
12.1 WorksheetAMDT-M-4

13.0 REFERENCES
13.1 AMDT-EP-22 RoutineMaintenanceofUltra-Tun-axT-25

14.0 REVISIONS
Revision Revision

Number Reason forChange Date
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Worksheet AMDT-M-4

Study Sample FC-95 FC-95 FC-95 Date and
Number approx0.5ppm approxIppm approx.5 ppm InitialsforStd.

actual ppm actual ppm actual PPM
set# #w #W
Rl:;nkT-iver

InnIll.
700 UT
100 u@
400 uT.

- iflt)iiT. -
200 iiT.
300 iiT.

------------

qtudynumber 3ghert-thenrityinalwork-gheetigIneati-iion(inigren mny,
I I I

T.iver'F.xtrAc-bonPmre@gg- T)att-k Tnitiniq

Pimt ImT.nfT.iverI;nlutinn-

Pinet100 uT,of I?nnm Internnllgt2ndard Std-#

VortL-x15 -q

Pinet I mf. of 2r%Onnm Ammnniiim ArL-tate. Std #

Pit)etI mT.nf0 219N&CO,10 25M Na]4('O.Ruffer

Pineti mT.ofFthylAreta

Vnrtt-x*)0-10gec

I - 20 min,;h,akL

Centrifiipe70-25min

Re.mnye:;4 mT. aliniintnf orp;tnic1;;ver

Blow fiownto near(iryne--R@;(<O 25 ml-)withN.

AtlilI m- nf 1-1Acetnnitrilt-114.0 TNO$

Vnrte-x11;-ger.

Filteruging2 3c!cB-T),;Yrincewitha 0')itmSRI filterintc);tI i mT,atitnq;imnlevi;;t
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1.0 SCOPE
1.1 Scope: This method isfortheanalysisof extractsof rabbitliveror othertissuesor

fluidsforfluorochemicalsusingthe electrospraymass spectrometer.The analysis
isperformed by singleionmonitoringofFC-95 anion,M/Z= 499,theinternal
standardM/Z = 427, and otherappropriatemasses.

1.2 Applicable Compounds: Fluorochemicalsor otherfluorinatedcompounds.
1.3 Matrices:RabbitLivers(samples),Beef Liver(standards),othertissuesand

fluids.

2.0 KEYWORDS
2.1 Fluorochemicals,fluorinatedcompounds, electrospraymass spectroscopy,mass

spectrometer,rabbitlivers.

3.0 PRECAUTIONS
3.1 Use cautionwiththevoltagecablefortheprobe.When thevoltagecableisplugged

intotheprobe DO NOT TOUCH THE PROBE, thereisriskof electricalshock.
3.2 Do notrun thepump above it'scapacityof 4000 psi.Ifpressuregoes over 4000 psi

stopand releasepressure.The peak tubingmay be plugged.Troubleshootback to
findtheplug and replacethepluggedtubing.See AMDT-EP-15

3.3 Do not run thepump todryness.

4.0 SUPPLIES AND--MATERIALS
4.1 Supplies

4. 1.1 Nitrogengas regulatedto 140 psi.
4.1.2 Fluofixcolumn orequivalent.
4.1.3 100 uLor250 uL flatdp syringeforsample injection.

4.2 Reagents
4.2. 1 Diluteacetonitrilemobilephase,diluteacetonitrile1:1 withMilli-Qwater.
4.2.2 Milli-Qwater,allwaterusedinthismethod shouldbe Milli-Qwater.

5.0 EQUIPMENT
5.1 VG Trio 2000 ElectrosprayMass Spectrometeror equivalent.
5.2 ISCO SyringePump
5.3 SpectraphysicsAS300 Autosampler
5.4 100 uL Assembly
5.5 Autovialsor capped centrifugetubes.

6.0 INTERFERENCES
6.1 There areno known interferencesatthistime.

7.0 SAMPLE HANDLING
7.1 Keep theextractedsamples incapped 15 mL centrifugetubesor incapped autovials

untilready foranalysis.
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8.0 CALIBRATION AND STANDARDIZATION
8.1 Preparationof CalibrationStandards

8.1.1 Seven beefliverstandardsand one blankbeefliverarepreparedduringthe
extractionprocedure.(SeeAMDT-M-4, section8.0)

8.2 Calibration
8.2.1 Run thesevenbeefliverstandardstwice,startingwiththeloweststandard

toobtainthestandardcurve.
8.2.2 Typicallyone standardisrunaftereach 5 to7 samples.Choose a standard

inthesame range ofconcentrationas thesamples.

8.3 Storage Conditionsfor Standards
8.3. 1 Freshstandardsarepreparedwitheach analysis.Standardsarestoredin

coveredplasticcentrifugetubesuntiltheanalysison themass spectometeris
performed.Samples and standardsareNOT refrigerated.

8.4 Storage Conditions for Beef Liver Homogenates
8.4.1 Beef liverhomogenates may befrozenafterpreparation.

9.0 PROCEDURE
9.1 InitialSet-up

9.1.1 Setsoftwareto"Operateon",IonMode ES-.
9.1.2 Record backingpressureintheinstrumentlog.
9.1.3 Fillthesolventcylinderwithmobilephase.
9.1.4 Setthepump to"Run".Settheflowto1000 uL/niin.Observesdroplets

coming outofthetipof theprobe.The pressureshouldbe at1700 to1800
psi.

9.1.5 Check thefusedsilicaattheend oftheprobe.Use an eye piecetocheck for
chips.The tipshouldbe flatwithno jaggededges.Ifany chipsarefound
cutoffthetipofthesilicawitha column cutterandpullthesilicathroughto
theappropriatelength.

9.1.6 Check your nitrogensupply.Turn on thenitrogen.There shouldbe no
nitrogenleakingaroundthetipoftheprobe.A finemistshouldbecoming
outofthetip.

9.1.7 Carefullyguidetheprobeintotheopening.Insertituntilitwon't go any
further.Connect thevoltagecabletotheprobe.

9.1.8 Go tothe"Editor"page,and setIonizationMode toES-,and the
appropriatemasses to427 and 499.

9.1.9 Ifitisnotinsingleionmode go to"Option"and setSIR.
9.1.10 StartAcquisition.Assigna filename, MO-DAY-YR + letter.Recorditin

thelogbook.
9.1.11 Run thebeefliversamplesfirst,runningeach standardtwiceatthe

beginningoftherun..Run a QC checkby runningone standardafterevery
5 to7 samples.

9.2 Manual Injection
9.2.1 Draw 150uL ofsampleintoa syringe.Injectthesample intotherheodyne

injectionport.Injectslowly.Record thesample ID inthelogbook.
9.2.2 Turn thevtlveto"On".
9.2.3 Wait two nlinutes,,indinjectthenextsample.
9.2.4 Record thescannumber foreachsimple inthelogbook.
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9.3 Using the Autosampler
9.3.1 Setup sample trayA, B, or C.
9.3.2 Record thesamplesand theirpositionsintheinstrumentlogbook.Up to17

vialsmay be ineach run.
9.3.3 Set-upthesampler:

9.3.3.1 Push thesample button
9.3.3.2 Setsample loopsize= 100 uL
9.3.3.3 Setinject/sample= 2
9.3.3.4 SetCycle time= 0
9.3.3.5 Name thefile:Livers
9.3.3.6 Identifythetrayused
9.3.3.7 Add thesamplestoQueue by pressing"Entee'
9.3.3.8 Press"Run" tostart

10.0 VALIDATION
10.1 QualityControl

10. 1.1Run a standardevery5 to7 samples.Ifa significantchange(±50%) in
peak heightoccursstoptherun.Only thesamplesbeforethelastacceptable
standardwillbe used.The remainingsampleswillbereanalyzed.

10.2 Precisionand Accuracy
10.2.1See Method ValidationReportnumber AMDT-M-5.0.vi

10.3 Other ValidationParameters
10.4 RefertoMethod VadidadonReportNumber ANOT-M-5.0.Vl

11.0 DATA ANALYSIS

11.1 Calculations
11.2 Plotthestandardcurve,usingthemean ofthetwo valuesobtainedforeach

standard.
11.2.1Read peak heightsorareasforthesamplesfrom theprintout.Use linear

regressiontodeterminethesample concentrations.
11.2.2Calculatethemg ofFC-95 anion,orotherfluorocherr@calinthetotalrabbit

liver.

mg FC-95 anioninthetotalrabbitliver

mg FC-95 anionfrom std.curve x Totalmass ofliver,gms
gms ofliverusedforanalysis

11.3 Make a resultstableand enteritinthestudybook.
11.4 Printa chromatogram foreachsample,withthepeakslabeledwiththesample or

standardD:).Writethestudynumber on theprintout,initial,date,and putitinthe
studyfolder.Stapleallchromatograms togetherand number pages.
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12.0 ATTACHMENTS

None

13.0 REFERENCES

13.1 AMDT-EP- 17

14.0 REVISIONS

Revision Revision
Number Reason forchana Date
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9.3 QualityAssurance UnitStatement
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Amchmnt D

GLP Study
QualityAssuranceStatement

.................................gw
..... .........

StudyTitle:Single-doseDermal Absorption/ToxicityStudy of
T-6049 in Rabbits

StudyNumber. AMDT-020895.1 Name ofAuditor KariRambo

Ibis studyhas been inspectedby theQualityAssuranceUnit asindicatedinthefollowingtable.
The findingswere reportedto thestudydirectorand management.

InspectionDates Date InspectionReportedto
Phase Manag=nt StudyDirect

10/13/95 10/19/95 FinalReport 10/19/95 10/19/95

QAU Auditor Date



9.4 Key PersonnelInvolvedinthe Study
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3M Environmental Laboratory

Key Personnel

Thermal extractionfollowedby analysisusingOrion Ionanalyzer:
Jim Johnson
Deb Wright
Rich Youngblom
Deann Plununer

Analysisofliverextractsusingelectrospraymass spectrometry:
Jim Johnson
Dave Christenson

Documentation and Reporting:
Jim Johnson
Rich Youngblom

QualityAssurance Unit:
Gale Van Buskirk
CynthiaWeber
KariRambo
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9.11 Data
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9.11.1Summary and raw data;ug F-inwhole liveras
determinedby thermalextractionfollowedby analysis
usingOrion ionanalyzer.
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Summary ofCombustion Data - Liver
AMDT-020895.1, HWI 6329-130

As ReferencedinFinalReport section6.0DATA ANALYSIS

Totalgg FluorideinWhole Liver
Mean perDose Group*

99 Std.Dev.

ControlGroup 22.4+5.7

5.0mglkg dose(T6049) 17.6+4.9
(0.003mg/kg)**

100 mg/kg dose(T6049) 15.8 + 2.6

(0.06mg/kg)**

500 mg/kg dose(T6049) 22.3+2.2

(0.30mg/kg)**

*Calculatedasthe mean oftriplicatesamplesfrom each ofthreemale and threefemalerabbits.

**Testmaterialisa 0.06% solutionofT6049, actualdose inparenthesis.



RPT1 30L.XLS

FC95 AB Actual Average Whole TotalF-in
ppm F- ppm F- liver liver whole

% inliver inliver burned weight liver Dosage
ID rcvry (WNv) (WNV) (grams) (grams) (ug) (mglkg)

Liverblnk-1 0.835 0.1138

Liverblnk-2 0.287 0.1347
Liverspk-1 106% 1.140 0.1403
Liverspk-2 99% 1.200 0.1248
F53405-1 0.474 0.1141
F53405-2 0.281 0.353 0.1270 78.27 27.65 0
F53405-3 0.305 0.1322
F53356-1 0.212 0.1431

F53356-2 0.249 0.220 0.1458 74.69 16.40 0
F53356-3 0.198 0.1367
F53404-1 0.684 0.1279
F53404-2 0.244 0.394 0.1186 70.28 27.68 0
F53404-3 0.254 0.1230
F53353-1 0.232 0.1441
F53353-2 0.205 0.206 0.1096 77.41 15.93 0
F53353-3 0.18i 0.1355
Liverbik1 0.272 0.1165
Liverblk2 0.129 0.1550
Liverspk 1 91% 1.111 0.1237
Liverspk 2 102% 1.096 0.1408
F53358-1 0.402 0.1346
F53358-2 0.320 0.335 0.1164 81.38 27.27 0
F53358-3 0.283 0.1370
F53359-1 0.336 0.1143
F53359-2 0.209 0.247 0.1174 78.86 19.52 0
F53359-3 0.197 0.1142
F53402-1 0.149 0.1518
F53402-2 0.136 0.147 0.1645 78.73 11.61 5
F53402-3 0.157 0.1434
F53364-1 0.275 0.1097
F53364-2 0.285 0.298 0.1140 84.10 25.09 5
F53364-3 0.335 0.1085
F53352-1 0.257 0.1685

F53352-2 0.241 0.255 0.1418 67.61 17.26 5
F53352-3 0.267 0.1401
F53349-1 0.180 0.1390
F53349-2 0.242 0.234 0.1010 77.60 18.15 5
F53349-3 0.280 0.1437
F53399-1 0.238 0.1014
F53399-2 0.209 0.200 0.1021 65.82 13.20 5
F53399-3 0.155 0.1290
F53346-1 0.167 0.1340
F53346-2 0.172 0.222 0.1396 75.41 16.75 100
F53346-3 0.328 0.1283
F53350-1 0.284 0.1296
F53350-2 0.266 0.241 0.1477 74.05 17.87 100
F53350-3 0.174 0.1375
F53397-1 0.238 0.1273
F53397-2 0.291 0.253 0.1367 74.88 18.93 100
F53397-3 0.230 0.1128

000()N"j
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RPT1 30L.XLS

FC95 AB Actual Average Whole TotalF- in
ppm F- ppm F- liver liver whole

% inliver inliver burned weight liver Dosage
ID rcvry (WM) (wfw) (grams) (grams) (ug) (mg/kg)

F53400-1 0.157 0.1418
F53400-2 0.191 0.171 0.1233 74.96 12.80 100
F53400-3 0.165 0.1356
F53360-1 0.144 0.1420
F53360-2 0.209 0.168 0.1057 76.35 12.86 100
F53360-3 0.151 0.1309

Liverbik1 0.432 0.1137

Liverbik2 0.366 0.1019

Liverspk 1 95% 1.389 0.1036
Liverspk 2 95% 1.266 0.1132
F53347-1 0.344 0.1221

F53347-2 0.268 0.269 0.1073 83.70 22.50 500

F53347-3 0.195 0.1415
F53365-1 0.206 0.1301
F53365-2 0.289 0.216 0.1212 82.60 17.88 500
F53365-3 0.154 0.1486
F53345-1 0.261 0.1438
F53345-2 0.251 0.282 0.1499 81.34 22.96 Soo

F53345-3 0.335 0.1352
F53354-1 0.420 0.1120
F53354-2 0.364 0.333 0.1091 70.97 23.66 500

F53354-3 0.216 0.1272
F53403-1 0.323 0.1126

F53403-2 0.344 0.336 0.1375 70.62 23.71 500

F53403-3 0.340 0.1378
F53000-1 0.307 0.1407
F53000-2 0.272 0.293 0.1384 79.62 23.36 500

F53000-3 0.301 0.1257
F52999-1 0.243 0.1369
F52999-2 0.236 0.230 0.1040 87.51 20.13 5

F52999-3 0.211 0.1218
F53351 -1 0.193 0.1419
F53351-2 0.188 0.195 0.1449 80.69 15.71 100

F53351-3 0.203 0.1210
liverspk-3 94% 1.079 0.1312

liverspk-4 89% 0.997 0.1355

liverspk-5 71% 3.467 0.1253
liverspk-6 119% 5.930 0.1215
liverspk-7 100% 4.330 0.1401

000(),Slll.
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9.11.2Summary and raw data;analysisof liverextracts
usingelectrospraymass spectrometry.
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HWI# 6329-130

to-'31-q5

Study: Single-DoseDermal Absorpton
ProtocolNumb*r: TP3016.AB
TestMaterial: T-6049inRabbits(FC 95)
Matrix: Uver
R Squared Value: 0.9965
Response FactorAmount: 1.27E-05
Analyst: DLC
Date: 4/3/95
Method: AMDT-M-4
lnstruffwnt: FisonsVG 2000 ElectrosprayMS
LABBASE File: 04039SAIS

Group Sample IonCount F-xtractedwt Dilution ConcentrationTotalmass Togi amount of

Dose Area 9 factor pgig ofliver FC-95 per liver

9 mg

Group 1:
0 mg/kg F63404 N/D 1.0422 1 N/D 69.156 N/D
DistilledWater F53366 N/D 1.1273 1 N/D 73.403 N/D

F63359 N/D 1.2009 1 N/D 72.193 N/D
F53368 6571 1.0779 1 0.0618 69.308 0.004
FSUOS N/D 1.2166 1 N/D 77.164 N/D
F53353 N/D 1.0734 1 N/D 75.915 N/D

Group 2:
5 mg /kg F53402 6646 1.1472 1 0.0587 76.184 0.004

'F53352 58373 1.1648 1 0.5080 81.324 0.041
F53399 N/D 1.1776 1 N/D 63.494 N/D
F53349 N/D 1.0143 1 N/D 76.006 N/D
F53364 22296 1.0259 1 0.2203 80.666 0.018

Group 3:
100 mg/kg F53400 12849 1.3817 1 0.0943 73.828 0.007

F63360 11111 1.054 1 0.1069 74.574 0.008
F53350 18253 1.3119 1 0.1410 72.534 0.010

F63346 N/D 1.3537 1 N/D 73.666 N/D
F53397 N/D 1.2903 1 N/D 73.063 N/D

Group 4:
500 mg/kg F53403 59686 1.0511 1 0.5756 69.012 0.040

F53347 N/D 1.0447 1 N/D 83.100 N/D
F63000 34396 1.1242 1 0.3101 77.255 0.024
F53345 4623 1.2143 1 0.0386 77.250 0.003

F53365 N/D 1.0281 1 N/D 66.252 N/D
F53354 N/D 1.194 1 N/D 80.146 N/D

RabbitsF52999 (G2)and F53351 (G3)were notanalyzed

The concentrationwas calculatedby usingthestandardcurveand multiplyingtheresultby 415.The 4/5
factoristheresultofa miscalculationinapplyingformula8.4inMethod AMDT-M-4-0. 137 mg ofliverwas used in
thiscalculationratherthani71 mg. The concentrationsinthestandardcurvearetherefore5/4largerthanthey
shouldbe.By multiplyingthecalculatedconcentrationInthestandardcurveby 4/5,thecorrectresultisobtained.
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1.0 SUMMARY

Rabbitserum and liverwere analyzedforfluorinecontentatvarioustimesafter
rabbitswere dosed intravenouslywitha singledoseofFC-95 (T-6049).The fluorine
inliverwas detectedaftera singledoseof 100mg/kg (60ug/kgFC-95) orafter
500 mg/kg (300ug/kgFC-95). The liverfluorideionconcentrationintheGroup 5
animal(300ug/kg),at48 hourspostdosewas 1.0ppm and fortherabbitdosed with
60 ug/kgtheconcentrationwas about0.4ppm. The presenceof
perfluorooctanesulfonatewas confirmedwithelectrospraymass spectrometry.

The method would probablybe abletodetecta dose somewhere between 10 and
60 ug/kg. Analysisoffluorineat28 days inliverand serum willlikelyprovidea
marker fordermalabsorptionfordermallyappliedfluorochemicalsthatare
biotransformedtoperfluorooctanesulfonateanion. The dataagreewitha second
pharmacokineticstudyofFC-95 which was carriedoutto28 dayswithmore animals
(HWI#6329-159).

2.0 INTRODUCTION

Thisstudywas designedtoprovideinformationastowhethertheperfluoro-
octanesulfonateaniondoesgo totheliverand othertissueswhen thematerialis
administeredinan intravenousdose,and toascertainthechange inconcentration
withtime afterdose inserum and liver.

Itisknown from studiesdone previouslywithratsthatthehalf-lifeofperfluoro-
octanesulfonateanionisquitelong(>1month). Itwas expectedthatthehalf-lifein
rabbitswould alsobe long.Perfluorooctanesulfonateanionisa likelybiotrans-
formationproductof severalfluorochemicalsthataretobe testedfordermal
absorptioninotherstudies.The pharmacokineticsoftheperfluorooctanesulfonate
anionisveryrelevanttothesedermalabsorptionstudies.

3.0 TEST MATERIALS

3.1Test,Control,and ReferenceSubstancesand Matrices
3.1.1AnalyticalReferenceSubstance:FC-95,lot161or 171.They are
equivalent.
3.1.2AnalyticalReferenceMatrix: Bovineliverand bovineserum
3.1.3AnalyticalControlSubstance: None
3.1.4AnalyticalControlMatrix: Bovine liverand bovineserum

0 ()0 ()0 O'Ll-,Wo
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3.2SourceofMaterials:3M ICP/PCPDivisionforFC-95,bovineliverfrom
grocerystore,bovine serum from Sigma Chemical Company

3.3.Purity and Strength of Reference Substance:Responsibilityof Sponsor.

3.4StabilityofReference Substance: To be determinedby Sponsor.

3.5Storage ConditionsforTest Materials:Room temperatureforFC-95.
For biologicalsamples thestorageis-20@+100C.

3.6 Dispositionof Specimens: Biologicaltissuesand fluidswillbe retainedper
GLP Regulationforthetimeperiodrequiredforstudieslongerthan28 days.

4.0 EXPERIMENTAL-Overview

Serum and tissuesfrom animalsdosed as described(HWI#6329-129),were available
foranalysisforfluorinecompounds. Sinceperfluorooctanesulfonateanionisnot
biotransformed,theanalysiswas accomplishedwithcombustionand subsequent
analysisforfluorine.The fluorinedataarerelateddirectlytoperfluorooctane-
sulfonateconcentration.The fluorineanalysisof serum collectedatdifferenttime
intervalsafterdosingprovidesdatawhich can be interpretedphannacokinetically.

5.0 EXPEREKIENTAL - Methods

5.1AMDT-M-1-0, Thermal Extractionof Fluorideby Means ofa Modified
Dohrmann DX2000 OrganicHalideAnalyzer-Liver

5.2AAI[DT-M-2-0, FluorideMeasurement by Means of an OrionEA940
ExpandableIon Analyzer

5.3 AMDT-M-4-0, Extractionof Fluorochemicalsfrom RabbitLiver

5.4AMDT-M-5-0, AnalysisofRabbitLiverExtractforFluorochemicalsUsing
ElectrosprayMass Spectrometry

5.5AMDT-M-14-0, Thermal ExtractionofFluorideby Means ofa Modified
Dohrmann DX2000 OrganicHalideAnalyzer-Serum

0()O()O"j
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6.0DATA ANALYSIS

ThematerialT-6049wasasolutionofFC-95dilutedto0.06%inwater.Thedoses
of5,10,100,and500mg/kgarethus3,6,60,and300ug/kg.Theseareverylow
doses.

The liverfluorideionconcentrationintheGroup 5 animal(300ug/kg),at48 hours
postdosewas 1.0ppm and fortherabbitdosed with60 ug/kgtheconcentrationwas
about0.4ppm. The controlrabbit,the5 mglkg rabbit,and the 10 mg/kg rabbit
concentrationswere notabove thepracticallimitof quantitation.

For liversofthetwo highestdosesusinganalysisby electrospraymass spectrometry,
the'perfluorooctanesulfonatewas detectableand theestimatedamounts forthe100
and 500 mg/kg rabbitswere 0.3and 0.6ppm, respectively.

These datashow thatperfluorooctanesulfonatewillbe a verysensitivemarker for
dermal absorptiontestsofFC-95 and forany fluorochemicalsthatare
biotransforinedtoperfluorooctanesulfonate.The factthatthematerialcan be
observedinliveraftera 60 ug/kgdoseissuggestivethata verylargeportionofthe
dose willbe inliverifthematerialispresentsystemically.

Otherdatawas collectedon serum samplesusingthermalextractionoffluorideby
means of a modifiedDohnnann organichalideanalyzerand fluoridemeasurement
by means ofa Orion expandableionanalyzer(seeappendices).Thisdata,although
supportive,intheopinionoftheStudyDirectorisnotrequiredtoreachthe
conclusionstatedhereand thereforeisnotdiscussedindetail.

6.1Circumstances That May Affectthe Qualityof theData: These valuesfor
concentrationarefrom combustionanalysesofthebiologicalmaterial.The
recoveriesarebasedon spikingthebiologicalmaterialwithknown amounts of
FC-95. The fluorineismeasured by selectiveionelectrodeand theOrion meteris
calibratedovera 5 pointrange.However, ifthereisa differentresponseatdifferent
concentrationsofFC-95 otherthanthepointused asa calibrationcheck,therecould
be a biasatthoseconcentrationseven though theamount offluorineisbeing
measured accurately.This can come from othervariablesinthemethod such asthe
efficiencyof combustion.Thus,thevaluesreportedforconcentrationarenot
absolutevalues.The valuesarecertainlysufficienttomake thepointthatthe
perfluorooctanesulfonateanionispresentat48 hoursinliver.

ooo004

4



7.0CONCLUSION

Themethodwouldprobablybeabletodetectadosesomewherebetween10and
60 uglkg. Analysisoffluorineat28 days inliverand serum willlikelyprovidea
marker fordermal absorptionfordermallyappliedfluorochemicalsthatare
biotransformedtoperfluorooctanesulfonateanion.The dataagreewitha second
phannacokineticstudyofFC-95 which was carriedoutto28 days with more animals
(HWI#6329-159).

8.0 MAINTENANCE OF RAW DATA AND RECORDS

8.1 Raw Data and Data: Raw data,approvedprotocol,approvedfinalreport,
appropriatespecimens,and electronicdatawillbe maintainedintheAMDT
Archives.

9.0 APPENDICES

9.1 Protocoland Amendments

9.1.1Protocoland FinalReport:HWI#6329-129 "SingleDose Intravenous
PharmacokineticStudy ofT-6049 inRabbits"(ProtocoltypeT?8084.PK for
dosingof animals,tissuecollection,etc.)

9.1.2AnalyticalprotocolAN4DT- 112294.1includingmethods.

9.2 Signed Reports from IndividualScientists:None

9.3 QualityAssurance Unit Statement:See attached

9.4 Key PersonnelInvolvedinthe Study: See attached

9.5 Materialsand Equipment: See methods

9.6 Solutions,Reagents,and Standards: See methods

9.7 Sample Preparation:See methods

9.8 QualityControl Practices:See methods

9.9 Test Methods: See ProtocolAMDT-1 12294.1

9.10 Instrument Settings:See methods
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9.11Data:Seeattached:

9.11.1Summary and raw data;ug F-inwhole liverasdeterminedby thermal
extractionfollowedby analysisusingOrion ionanalyzer.

9.11.2Summary and raw data;analysisof liverextractsusingelectrospray
mass spectrometry.

9.11.3Summary and raw data;ppm F-inserum as determinedby thermal
extractionfollowedby analysisusingOrion ionanalyzer.
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9.1.1Protocoland FinalReport:HWI#6329-129
"SingleDose IntravenousPharmacokineticStudyof
T-6049 inRabbits"(ProtocoltypeTP8084.PK for
dosingofanimals,tissuecollection,etc.)
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HWI 6329-129
QUALITY ASSURANCE STATEMENT

This report has been reviewed by the Quality Assurance Unit of Hazleton
Wisconsin, Inc., in accordancewith the Food and Drug Administration
(FDA)Good LaboratoryPracticeRegulations,21 CFR 58.35 (b) (6) (7).
The following inspectionswere conducted and findingsreported to the
Study Director and management. Written-statusreports of inspections
and findings are issued to Hazleton management monthly according to
standard operating procedures.

Date
Inspection Dates Reported to Date to
From To Phase Study Director Management

11/06/94 11/06/94 ProtocolReview 11/08/94 12/10/94
11/16/94 11/16/94 Animal Observation 11/16/94 12/10/94
01/10/95 01/10/95 Data/ReportReview 01/10/95 02/10/95
01/30/95 01/30/95 Report Rereview 01/30/95 02/10/95

*liaM. Danner Date
Representative,QualityAssurance Unit
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Single-Dose Intravenous Pharmacokinetic
Study of T-6049 in Rabbits

Test Material T-6049

Sponsor 3M
Toxicology Services
220-2E-02 3M Center
St. Paul, MN 55144

Sponsor's Representative John L. Butenhoff, PhD
3M
Toxicology Services
220-2E-02 3M Center
St. Paul, MN 55144
(612) 733-1962

Study Director Steven M. Glaza
Hazleton Wisconsin, Inc.
P.O. Box 7545
Madison, WI 53707-7545
(608) 241-7292

Study Location Hazleton Wisconsin, Inc.
Building No. 3
3802 Packers Avenue
Madison, WI 53704

Study Timetable
Experimental Start Date November 15, 1994
Experimental Termination Date November 17, 1994
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Acute Toxicology Laboratory Animal Medicine
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Manager
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SUMMARY

This study was done to assess the level of systemic exposure of T-6049 when
administeredby intravenousinjectionto rabbits.

Female Hra:(NZW)SPF rabbits were assigned at random to five groups
(one/group). On Day 0, the animalsreceiveda singleintravenousinjectionof
the vehicle(sterilewater for injection)or 5, 10, 100, or 500 mg of
T-6049/kg of body weight (Groups1 through 5, respectively). The dose volume
was 0.5 mL/kg for all groups.

Clinical observationswere conducted at approximately0.5, 2, 4, 24, and
48 hours after intravenousinjection. Body weightswere determinedjust
before test materialadministration(Day 0). A blood sample (approximately
4 mL) was collectedfrom an auriculararteryor marginalear vein of the
animalsat 2-, 4-,'6-,8-, 12-,and 24-hourspost-injection.In addition,at
the time of experimentaltermination(48-hourspost-injection),approximately
20 mL of blood was obtained from each animal. All sampleswere centrifuged,
separated into serum and cellularfractions,and sent to the Sponsor.
Approximately48 hours post-injection,the animalswere anesthetizedwith
sodium pentobarbital,bled via the posteriorvena cava, and exsanguinated. An
abbreviated gross necropsy examinationwas not done, however,tissues were
collected. The whole liver, bile, and both kidneysfrom each animalwere
collectedand sent frozento the Sponsorafter terminationof the in-life
phase.

The animals treatedwith sterilewater for injection,5 mg T-6049/kg,and
10 mg T-6049/kg appeared normal throughout the study. At the 0.5, 2, and
4 hour post-dose observation,the animal treatedwith 100 mg T-6049/kg
appeared hypoactive and the animal treated with 500 mg T-6049/kg exhibited a
staggeredgait. In addition,the animaltreatedwith 500 mg/kg showed a
decrease in food consumptionat the 48-hour post-doseobservation.
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OBJECTIVE

The objectiveof this studywas to assess the level of systemicexposure to
the test material,T-6049,when administeredas a single intravenousinjection
to rabbits.

REGULATORY COMPLIANCE

This study was conducted in accordancewith the U.S. Food and Drug
Administration'sGood LaboratoryPracticeRegulationsfor Nonclinical
LaboratoryStudies,21 CFR 58, with the exceptionthat analysisof the test
mixturesfor concentration,homogeneity/solubility,and stabilitywas not
conducted. All proceduresused in this studywere in compliancewith the
Animal Welfare Act Regulations. In the opinion of the Sponsor and study
director,the studydid not unnecessarilyduplicateany previouswork.

TEST AND CONTROL MATERIALS

Identification

The test materialwas identifiedas T-6049 and describedas a clear, colorless
liquid. The controlmaterialwas SterileWater for Injection,USP (Abbott
Laboratories,Lot No. 86-748-DM-02;Exp. March 1, 1996), and was described as
a clear,colorlessliquid.

Purity and Stability

The Sponsor assumesresponsibilityfor test materialpurityand stability
determinations(includingunder testconditions). A sampleof the test
material/vehiclemixturesfor concentration,solubility,homogeneity,and
stabilityanalyseswas not taken before administrationas this was not
requestedby the Sponsor. The purity and stabilityof the USP grade control
material were consideredto be adequate for the purposes of this study.

Storage and Retention

The test materialwas stored at room temperature. The control materialwas
stored refrigerated.Any unusedtest materialwill be returnedto the Sponsor
after completionof all testingaccordingto HazletonWisconsin(HWI)Standard
Operating Procedure (SOP). Any remainingvehicle may be used for other
testingand will not be discardedafter issuanceof the finalreport.

()()00111



Page 8 of 24

HWI 6329-129

Safety Precautions

The test and control materialhandling procedureswere according to HWI SOPs
and policies.

TEST SYSTEM

Test Animal

Adult albino rabbitsof the Hra:(NZW)SPFstrainwere receivedfrom HRP, Inc.,
Kalamazoo,Michiganon October 19, 1994 and maintainedat the Hazleton
Wisconsin facility at 3802 Packers Avenue, Madison, Wisconsin.

Housing

After receipt,the animalswere acclimatedfor a period of at least 7 days.
During acclimationand throughoutthe study, the animalswere individually
housed in screen-bottomstainlesssteel cages in temperature-and humidity-
controlledquarters. Environmentalcontrolsfor the animal room were set to
maintain.a temperatureof 19* to 23*C, a relativehumidity of 50% t20%, and a
12-hour light/12-hourdark lightingcycle. In cases where variationsfrom the
required temperatureand humidity conditionsexisted, they were documented and
considered to have had no adverse effect on the study outcome. Animal
husbandry and housing at HWI compliedwith standards outlined in the "Guide
for the Care and Use of LaboratoryAnimais".1

Animal Diet

The animals were provided access to water ad 7ibitum and a measured amount of
LaboratoryRabbit Diet HF #5326, PMI Feeds, Inc. The feed is routinely
analyzed by the manufacturerfor nutritionalcomponents and environmental
contaminants. Samplesof the water are periodicallyanalyzedby HWI. There
were no known contaminantsin the feed or water at levels that would have
interferedwith or affectedthe resultsof the study.

Selection of Test Animals

The animals were identifiedby animal number and correspondingear tag and
were selected at random based on health and body weight requirements.
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Study Design

Female animals weighing from 2,587 to 2,857 g at initiationof treatmentwere
placed into the followingstudygroups:

Dose Level Dose Volume Number
Group Treatment (mg T-6049/kg) (mL/kq)- of Animals

I (Control) 0 0.5 1
2 T-6049 5 0.5 1
3 T-6049 10 0.5 1
4 T-6049 100 0.5 1
5 T-6049 500 0.5 1

SterileWater for Injection,USP.

Justificationfor S2eciesSelection

Historically,the New ZealandWhite albino rabbit has been the animal of
choice because of the large amount of background informationon this species.

PROCEDURES

Dose Pre2aration and Administration

The test materialwas dilutedwith SterileWater for Injectionto achieve a
specific concentrationfor each dose level in Groups 2 through4. The test
materialwas administeredundilutedat the 500 mg/kg dose level, using the
bulk density of 0.98 g/mL to determinethe dose volume. An individualdose of
each respectivetest solutionor controlwas calculatedfor each animal-based
on its body weight on the day of treatment. The respectivetest solutionwas
administeredby intravenousinjectioninto a marginalear vein. The dose was
given as a slow push (approximately30 to 60 secondsin duration). The
prepared test solutionswere stored at room temperatureuntil administered.
After administration,any remainingtest solutionswere discarded.

Reason for Route of Administration

Intravenousinjectionis an acceptableroute to assess systemicexposure.

Observations of Animals

Clinical observationswere conductedat approximately0.5, 2, 4, 24, and
48 hours after intravenousinjection.

Body weights were determinedjust before test material administration(Day 0).
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Sample Collection

A blood sample (approximately4 mL) was collected from either ear via the
catheterizationof the auricularartery or from the marginalear vein of all
animals at 2, 4, 6, 8, 12, and 24 hours post-injection. At the time of
necropsy (approximately48-hours post-injection), approximately20 mL of blood
was obtained from the posterior vena cava of each animal. All samples were
stored at room temperature until centrifuged and separated into serum and
cellular fractions. The blood sampleswere then stored in a freezer set to
maintain a temperature of -20*C tlO*C until shipped to the Sponsor.

Pathology

At termination of the experimental phase (approximately48-hours
post-injection),animals were anesthetizedwith sodium pentobarbital,bled via
the posterior vena cava, and exsanguinated. An abbreviated gross necropsy
examination was not conducted, however, tissues were collected. The whole
liver, bile, and both kidneys from each animal were collected and immediately
placed on dry ice, then frozen by placing in a freezer set to maintain a
temperature of -200C ±100C. After tissue/bile collection, the animals were
discarded.

Shigment of Tissues

After completion of the in-life phase the blood samples, livers,bile, and
kidneys were sent frozen (on dry ice) to the Sponsor (James D. Johnson, 3M
E.E. & P.C., Bldg. 2-3E-09, 935 Bush Avenue, St. Paul, MN, 55106). The
Sponsor is responsible for the retention and disposition of the samples.
HWI does not accept any responsibility for the analysis of the samples
collected in this study nor are these results presentedin this report.

Statistical Analyses

No statistical analyseswere requiredby the protocol.

Location of Raw Data, Records, and Final Report

The raw data, records, and an originalsigned copy of the final report will be
retained in the archives of HWI in accordance with HWI SOP.
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RESULTS

Body Weights

Individualbody weightsat initiationare in Table 1.

Clinical Observations

Individualclinicalsignsare in Table2. The animalstreatedwith sterile
water for injection,5 mg T-6049/kg,and 10 mg T-6049/kg appeared normal
throughoutthe study. At the 0.5, 2, and 4 hour post'-doseobservation,the
animal treated with 100 mg T-6049/kg appeared hypoactive and the animal
treatedwith 500 mg T-6049/kgexhibiteda staggeredgait. In addition,the
animal treated with 500 mg/kg showed a decrease in food consumptionat the
48-hour post-dose observation.

Pathology

All animals survivedto terminationof the experimentalphase and were not
examined grossly when sacrificed.

DISCUSSION

The level of systemicexposure of T-6049 was evaluated in female albino
rabbitswhen administeredas a singleintravenousinjectionat levelsof 0, 5,
10, 100, and 500 mg/kg. Administrationof this materialresultedin
hypoactivityat the 100 mg/kg dose level, and staggeredgait and a decrease in
food consumption at the 500 mg/kg dose level.

SIGNATURE

Steven M. Glaza Date
Study Director
Acute Toxicology

REFERENCE

1. NIH PublicationNo. 86-23 (revised1985).
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Table 1
IndividualBody Weights (g)

Dose
Level Animal

GrouD (mg/kci) Sex Number Day 0

1 0 Female F52652 2,634

2 5 Female F52653 2,587

3 10 Female F52654 2,620

4 100 Female F52665 2,857

5 500 Female F52666 2,794



Page 13 of 24

HWI 6329-129

Table 2
IndividualClinicalSigns

Dose
Level Animal Hour

Group (mg/kq) Sex Number -Observation 0.5 2 4 24 48

1 0 Female F52652 Appeared normal

2 5 Female F52653 Appeared normal

3 10 Female F52654 Appeared normal

4 100 Female F52665 Appeared normal
Hypoactivity

5 500 Female F52666 Appeared normal
Staggered gait
Decreased food
consumption

Indicatesconditionexists.
Not applicable.
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APPENDIX A

Protocol TP8084.PK
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STUDY IDENTIFICATION

Single-Dose IntravenousPhamacokinetic Study
of T-6049 in Rabbits

HWI No. 6329-129

Test Material T-6049

Sponsor 3M
Toxicology Services
220-2E-02 3M Center
St. Paul, MN 55144

Sponsor's Representative. John L. Butenhoff, PhD
3M
Toxicology Services
220-2E-02 3M Center
St. Paul, MN 55144
(612) 733-1962

Study Director Steven M. Glaza
Hazleton Wisconsin, Inc.
P.O. Box 7545
Madison, Wl 53707-7545
(608) 241-7292

Study Location Hazleton Wisconsin, Inc.
Building No. 3
3802 Packers Avenue
Madison, Wl 53704

Proposed Study Timetable
Experimental Start Date Week of November 14, 1994
Experimental Termination Date Week of November 14, 1994
Draft Report Date Week of December 19, 1994
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I. Study
Single-DoseIntravenousPharmacokineticStudy in Rabbits

2. Purpose
To assess the levelof systemicexposurewhen the testmaterialis
administeredas a singleintravenousinjectionto rabbits

3. Regulatorv omvliance
This studywill be conductedin accordancewith the followingGood
LaboratoryPracticeRegulations/Standards/Guidelineswith the
exceptionthatanalysisof the testmaterialmixturesfor
concentration,solubility,homogeneity,and stabilitywillnot be
conducted:

(] Conduct as a NonregulatedStudy
[XI 21 CFR 58 (FDA)

40 CFR 160 (EPA-FIFRA)
40 CFR 792 (EPA-TSCA)
C(81)30(Final)(OECD)
59 Nohsan No. 3850 (Japanese MAFF)
NotificationNo. 313 (JapaneseMOHW)

All proceduresin this protocolare in compliancewith the Animal
WelfareAct Regulations. In the opinionof the Sponsorand study
director,the studydoes not unnecessarilyduplicateany previous
work.

4. AgalitLAssuranc,

The protocol,studyconduct,and the final reportwill be auditedby
the QualityAssuranceUnit in accordancewith HazletonWisconsin
(HWI)StandardOperatingProcedures(SOPS) and policies.

S. Test Material

A. Identification
T-6049

B. PhysicalDescription
(To be documentedin the raw data)

C. Purityand StabilitY
The Sponsorassumesresponsibilityfor purityand stability
determinations(includingunder test conditions).Samplesof
testmaterial/vehiclemixture(s)forconcentration,solubility,
homogeneity,and stabilityanalyseswill be takenbefore
administrationif requestedby the Sponsor. These samples(if
taken)will be sent to the Sponsorafter experimental
terminationfor possibleanalysis.
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0. Storage
Room temperature

E. Reserve Samples
Reservesampleswill not be requiredfor this study.

F. Retention
Any unusedtestmaterialwill be discardedafter issuanceof
the finalreport,unlessdirectedotherwiseby the Sponsor.

G. Safety Precautions*
As required by HWI SOPs and policies

6. ControlMaterial

A. Identification
Sterilewaterfor injection

B. PhysicalDescription
Clear,colorlessliquid

C. PurityandStability
The purityand stabilityof this USP grade materialis
consideredto be adequatefor the purposesof this study.

D. Storage
Refrigerated

E. Reserve Sam2les
See Section,5. E. Reserve Samples

F. Retention
Any remainingcontrolmaterialmay be used for other testing
andwill not be discardedafter issuanceof the finalreport.

G. Safety Precautions
As required by HWI SOPs and policies

7. ExperimentalDesign

A. Animals

(1)Species
Rabbit

(2) Strain/Source
Hra:(NZW)SPF/HRP,Inc.

(3)Age at Initiation
Adult
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(4)Weightat Initiation
2.5 to 3.5 kg

(5)Number and Sex
5 females

(6) Identification
Individualnumberedear tag

(7)Husbandry

(a)Housing
Individually,in screen-bottomstainlesssteel cages
(heavygauge)

(b)Food
A measured amount of Laboratory Rabbit Diet HF #5326
(PMIFeeds,Inc.). The foodis routinelyanalyzedby
the manufacturerfor nutritionalcomponentsand
environmentalcontaminants.

(c)Water
Ad libitum from an automatic system. Samples of the
water are analyzedby HWI for total dissolvedsolids,
hardness,and specifiedmicrobiologicalcontent and
for selectedelements,heavymetals,
organophosphates,and chlorinatedhydrocarbons.

(d)Contaminants
There are no known contaminantsin the food or water
thatwould interferewith thisstudy.

(e)Environment
Environmentalcontrolsfor the animal roomwill be
set to maintaina temperatureof 19*C to 23*C, a
relativehumidityof 50% +20%, and a 12-hour
light/12-hourdark cycle.

(f)Acclimation
At least 7 days

(8)Selectionof Test Animals
Based on health and body weight according to HWI SOPS. An
adequatenumber of extraanimalswill be purchasedso that
no animalin obviouslypoor health is placedon test.

(9)Justificationfor SpeciesSelection
Historically,the New ZealandWhite albinorabbithas been
the animalof choicebecauseof the large amountof
backgroundinformationon this species.
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B. Dose Administration

(1) Test Groups

Dose Level Number ofGrouD (mg/kg)a Females

1 0 (Control)
2 5
3 10
4 100
5 500

a The dose volumewill be 0.5 ml/kg for
Groups 1-4 and approximately0.5 mL/kg of body
weight (dependingon the bulk densityof the
test material)for GroupS.

C. Dosing Procedures

(1)Dosing Route
Intravenousinjectioninto a marginalear vein over
approximately30 to 60 seconds.

(2)Reason for Dosina Route
Intravenousinjectionis an acceptableroute to assess
systemicexposure.

(3)Dosing Duration
Single dose

(4)Dose Preparation
The testmaterialwill be dilutedwith sterilewaterfor
injectionto achievea specificconcentrationfor each
dose levelin Groups1-4. The testmaterialwillbe
administeredundilutedat the 500 mg/kg dose level,using
the bulk densityto determinethe dose volume.Individual
doses will be calculatedbased on the animal'sbodyweight
takenjustbeforetestmaterialadministration.The
preparedtest mixtureswill be storedat room temperature
untiladministration.

D. Observationof Animals

(1) ClinicalObservations
The animalswill be observedfor clinicalsignsof
toxicityat approximately0.5, 2.0, 4.0, 24, and48 hours
after treatment.
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(2) BodyWeights
Just beforetestmaterialadministration.

(3)Sample Collections

(a)Freauency
2, 4, 6, 8, 12, 24, and 48 hourspost-injection

(b)Number of Animals
All

(c)Method of Collection
Blood samples(approximately4 mL) will be collected
fromeitherear via the catheterizationof the
auriculararteryor from the marginalear veinat 2,
4, 6, 8, 12, and 24 hourspost-injection.
Approximately20 mL of blood (actualvolumeto be
documentedin the raw data) will be obtainedfrom the
posteriorvena cava of each animal at the time of
necropsy(48hourspost-injection).Approximately
20 mL of blood will be collectedfrom moribund
animalsduringthe study,also, if possible. The
sampleswill be stored at room temperatureand then
centrifuged,and the separateserum and cellular
fractionsstored in a freezer set to maintaina
temperatureof -20'C tlO*C. The separatedserum and
cellularfractionswill be sent frozento the Sponsor
afterexperimentaltermination.

Sampleswill be shippedto:

James D. Johnson
3M E.E. & P.C.
Bldg. 2-3E-09
935 Bush Avenue
St. Paul,MN 55106

James D. Johnsonwill be notifiedby telephoneat
(612)778-5294prior to the shipmentof the samples.

E. Termination

(1)Unscheduled Sacrificesand Deaths
Any animaldyingduring the studyor sacrificedin a
moribundcondition,will be subjectedto an abbreviated
gross necropsyexaminationand all abnormalitieswill be
recorded. Animalsin a moribundconditionwill be
anesthetizedwith sodiumpentobarbital,bled via the vena
cava, and exsanquinated.

0()00%,Ll
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(2)ScheduledSacrifice
At approximately48 hours Post-injection,animals
survivingto terminationwill be anesthetizedwith sodium
pentobarbital,bled via the vena cava, and exsanguinated.
An abbreviatedgross necropsyexaminationwill not be
done,however,tissueswill be collected.

(a)Sample Collection
The whole liver and bile from each animaldying
duringthe study,sacrificedin a moribundcondition,
or survivingto terminationwill be collected.Both
kidneysfrom each animalwill also be collected. The
tissueswill be placedon dry ice immediatelyafter
collectionand then placedin a freezerset to
maintaina temperatureof -20*C ±10*C.

The tissues(liver,bile,kidneys)willbe sent
frozenon dry ice to the Sponsorafter experimental
termination.The sampleswill be shippedto the
personlistedin Section7.D.(3).(c).The Sponsoris
responsiblefor the retentionand dispositionof the
samples.

F. StatisticalAnalyses
No statisticalanalysesare required.

8. Report
A finalreportincludingthoseitemslistedbelowwill be submitted.

Descriptionof the test and controlmaterials
Descriptionof the test system
Procedures
Dates of experimentalinitiationand termination
Descriptionof any toxiceffects
Gross pathologyfindings/grosspathologyreport,(ifapplicable)
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9. Location of Raw Data, Records.-and Final Report
Originaldata, or copiesthereof,will be availableat HWI to
facilitateauditingthe study during its progressand before
acceptanceof the finalreport. When the final report is completed,
all originalpaper data, includingthose item listed belowwill be
retained in the archives of HWI according to HWI SOP.

Protocol and protocol amendments
Dose preparation records
In-liferecords
Body weights
Dose administration
Observations

Sample collection records
Pathology records
Study correspondence
Final report(originalsignedcopy)

The followingsupportingrecordswill be retained at HWI but will
not be archivedwith the study data.

Animal receipt/acclimationrecords
Water analysis records
Animal room temperature and humidity records
Refrigeratorand freezer temperature records
Instrument calibration and maintenance records
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PROTOCOL APPROVAL

7-
John L: Butenhoff, PhD Date
Sponsor'sRepresentative
3M

I -g@-Otli\
Steven M. Glaza Date
Study Director
Acute Toxicology
Hazleton Wisconsin,Inc.

L,7
-R@presentative Date
QualityAssuranceUnit
Hazleton Wisconsin,Inc.

(6329-129.protdskl)
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3M EnvironmentalLaboratory

Protocol-AnalyticalStudy

Single-doseIntravenousPharmacokineticStudyofT-6049inRabbits

In-VivoStudyReferenceNumber: HWI#6329-129

StudyNumber: AMDT-112294.1
TestSubstance:FC-95(T-6049)

Name and AddressofSponsor: 3M SCD Division
367 Grove Street
St.Paul,MN 55106

Name and Address ofTestingFacility:
3M EnvironmentalTechnology and Services
935 Bush Avenue
St.Paul,NfN 55106

Proposed InitiationDate: July25, 1995
Proposed Completion Date: August 25,1995

Method Numbers and Revisions:
AMDT-M-1-0, Thermal ExtractionofFluorideby Means of a Modified

Dohrrnann DX2000 OrganicHalideAnalyzer-Liver
AMDT-M-2-0, FluorideMeasurement by Means of an Orion EA940 Expandable

Ion Analyzer
AMDT-M4-0, ExtractionofFluorochemicalsfrom RabbitLiver
AMDT-M-5-0. Analysisof RabbitLiverExtractforFluorochemicalsUsing

ElectrosprayMass Spectrometry
AMDT-M-14-0, Thermal Extractionof Fluorideby Means of a Modified

Dohrmann DX2000 Organic HalideAnalyzer-Serum

Author:James D. Johnson

Approved By:

? James . ohnson Date John Butenhoff,PhD Date

Stud 'rector Sponsor Representative
Jao2@e-:s@son
m 0

Study ire
tor
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1.0 PURPOSE

Thisstudyisdesignedtoprovideinformationastowhetherthe
perfluorooctanesulfonateaniondoes go totherabbitliverand othertissueswhen the
materialisadministeredinan intravenousdose,and toascertainthechange in
concentrationwith time afterdose inserum and liver.These datawillbe used to
interpretdermal absorptionstudieswhere perfluorooctanesulfonateisdirectly
appliedorispresentas a biotransformationproduct.The persistenceof
perfluorooctanesulfonateas a marker inliverand serum orpossiblyothertissuesisa
criticalpartforthe interpretationofthesedermal studies.

2.0 TEST MATERL4LLS

2.1Test,Control.,and Reference Substances and Matrices

2.1.1AnalyticalReference Substance: FC-95, lot161 or 171.They are
equivalent.
2.1.2AnalyticalReference Matrix: Bovine liverand bovine serum
2.1.3Analytical Control Substance: None
2.1.4Analytical Control Matrix: Bovine liverand bovine serum

2.2 Source of Materials:3M ICP/PCP Division(2.1.1),grocery store(2.1.2,2.1.4
liver),Sigma Chemical Company (2.1.2,2.1.4serum)

2.3Number of Test and ControlSamples: Liverand serum from 4 testanimals
and I controlanimal.Otherbiologicaltissues(kidney,bile,cellularfraction)will
be availableforanalysisifdeemed appropriateby theStudy Director.

2.4 Identiflcationof Test and Control Samples: The samples are identifiedusing
theHWI animal identificationnumber which consistsofa letterand fivedigit
number, plusthetissueidentityand day identity(serum).

2.5Purity and Strength ofReference Substance: To be determinedby Sponsor.

2.6Stabilityof Reference Substance: To be determinedby Sponsor.

2.7Storage Conditions forTest Materials: Room temperature(2.1.1),
-20± IOOC (2.1.2,2.1.4).Test and Controlsamples willbe receivedaccordingto
AN4]DT-S- 10-0.
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2.8DispositionofSpecimens:Biologicaltissuesandfluidswillberetainedper
GLP Regulationforthetimeperiodrequiredforstudieslongerthan28 days. This
studyisinparallelwitha 28 day dermalabsorptionstudyso alltissueswillbe
retained.

2.9SafetyPrecautions:RefertoappropriateMSDS. Wear appropriatelaboratory
attire.Use cautionwhen handlingknivesforcuttingthesamples.

3.0 EX]PERRMENTAL -Overview

The tissuesfrom animalsdosed as described(HWI#6329-129), areavailablefor
analysisforfluorinecompounds. At thediscretionoftheStudy Director,a seriesof
analyticaltestscan be performed.The screeningforfluorideinliverviacombustion
(SeeMethods@next Section)istheappropriateanalysistopresentdefmitivedatafor
fluorineintheliver.For theseanalyses,bovineliverappearstobe a good
approximationtorabbitliverformatrixspikesand recoverydeterminations.Since
perfluorooctanesulfonateanionisnotbiotransformed,fluorinecontentwillbe an
accurateestimateof theconcentrationofthecompound.

4.0 EXPEPUvtENTAL -Methods

4.1Liverand Serum screeningmethods: (attached)

4.1.1AMDT-M-1-0, Thermal ExtractionofFluorideby Means ofa Modifled
Dohrmann DX2000 OrganicHalideAnalyzer-Liver

4.1.2AMDT-M-2-0, FluorideMeasurement by Means ofan OrionEA940
Expandable Ion Analyzer

4.1.3AMDT-M4-0. ExtractionofFluorochemicalsfrom RabbitLiver

4.1.4AMDT-M-5-0, AnalysisofRabbitLiverExtractforFluorochemicals
Using ElectrosprayMass Spectrometry

4.1.5AMDT-M-14-0, Thermal ExtractionofFluorideby Means ofa
ModifiedDohnnann DX2000 OrganicHalideAnalyzer-Serum

3



5.0DATA ANALYSIS

5.1DataReporting:Datawillbereportedasaconcentration(weight/weight)of
fluoridepertissueorfluid,orasFC-95 pertissueorfluid.Half-lifeof
disappearancefrom serum willbe determinedfrom thelinearregressionof the
averagesof theconcentrationsatdifferenttimepointsforthepostdistributionpart
oftheserum concentrationversustime curve.

6.0 MAIINTENANCE OF RA-W DATA AND RECORDS

6.1 Raw Data and Records: Raw data,approvedprotocol,appropriatespecimens,
approvedfinalreport,and electronicdatawillbe maintainedintheAMDT Archives.

7.0 REFERENCES

7.1AMDT-S-10-0, Sample TrackingSystem

8.0 ATTACEMENTS

8.1AMDT-M-1-0, ThermalExtractionofFluorideby Means ofa Modified
Dohrmann DX2000 OrganicHalideAnalyzer-Liver-

8.2AMDT-M-2-0, FluorideMeasurement by Means ofan OrionEA940
Expandable Ion Analyzer

8.3AMDT-M-4-0, Extractionof Fluorochemicalsfrom RabbitLiver

8.4AMDT-M-5-0, Analysisof RabbitLiverExtractforFluorochemicalsUsing
ElectrosprayMass Spectrometry

8.5AMDT-M-14-0, Thermal ExtractionofFluorideby Means of a Modified
Dohrmann DX2000 OrganicHalideAnalyzer-Serum
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3M Environmental Laboratory

Method

Thermal ExtractionofFluorideby Means ofa ModifiedDohrmann DX2000
OrganicHalideAnalyzer-Liver

Method IdentificationNumber: AMDT-M-1 AdoptionDate:

RevisionNumber: 0 RevisionDate: None

Author:RichYoungblom

Approvedby:

roupLea Dafe

QualityAssurance Date

Software:MSWord5.la

ArfectedDocuments: AMDT-M-2 FluorideMeasurementby Means ofanOrionEA940
ExpandableIonAnalyzer

AMDT-EP-3 RoutineMaintenanceofa ModifiedDohrmann DX2000

r L(oUP

OrganicHalideAnalyzer
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1.0 SCOPE, APPLICABLE COTMPOUNDS. AND MATRICES

1.1Scope:Thismethod isfortheoperationofa DohrrnannDX2000 when itisusedtoextract
fluoridefrom variousmatrices.The fluorideistypicallycollectedinTISAB solutionforanalysis
withan ionselectiveelectrode.
1.2ApplicableCompounds: Fluorochemicalsorotherfluorinatedcompounds.
1.3Nlatrices:Biologicaltissues,particularlyliver.

2.0 KEYWORDS

2.1Fluoride,fluorine,extraction,pyrolysis,ionization,ionselectiveelectrode,Dohrmann, halide,
DX2000, fluorochen@cals.

3.0 PRECAUTIONS

3.1Glasswareand exhaustgasescan be extremelyhot.
3.2Glasswareisfragile,brokenglassmay causeinjuries.
3.3Pressurizedgases,propercompressedgashandlingpracticesrequired.
3.4Solventbasedsamplesmay flash,may need toallowthem todrydown beforestartingrun.
3.5Potentialbiohazardsdue tothebiologicalmatrices.Use appropriatepersonalprotective
equipment.

4.0 SUPPLIES AIN@D MATERIALS

4.1Compressed Oxygen, Hydrocarbonfree,regulatedto30 PSI.
4.2Compressed Helium,High PurityGrade,regulatedto45 PSI.
4.3Quar-tzglasssampleboatwithTeflonTMtubing,Dohrmann 890-097orequivalent.
4.4Quartzglasscombustiontube,RelianceGlass G-9405-012orequivalent.
4.5Orion940999 TotalIonicStrengthAdjustmentBuffer(TISAB 11)orequivalent.
4.6Sample collectionvials,HDPE.
4.7NEIH-QTIIIwater
4.8Polystyrenepipettes.
4.9ActivatedCharcoal,E. Merck 2005 orequivalent.
4.10Han-LiltonSyringeor equivalent.
4.11Miscellaneouslaboratoryglassware

5.0 EQUIPMENT

5.1Rosemount Dohrmann DX2000 OrganicHalideAnalyzer,modifiedforfluorideextraction.
5.2IBi\4compatible386 or486 computer.
5.3DX2000 software,version1.00,modifiedforfluorideextraction.
5.4ExcelSpreadshee@version5.0orgreater

6.0 INTERFEREIN'CES

6.1 Sample sizeislin-Litedtoapproximately150mg, dependingon sample moisturecontent.This
may varyfrommatrixtomatrix.
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7.0 SAMPLE HANDLING

7.1Samplesarenottobe handledwithbarehands.Fluoridemay leachfrom theskintothe
sample.Use forcepsor probetotransfertissues.
7.2Samplesofliverarecutfrom frozenliverand placedina taredand labeledweigh boat.Use a
cleanscalpeland cuttingboard.The cuttingboardand scalpelshouldbe cleanedwithwater,
methanol,ormethanol-watersolutionaftereachliveriscut.

8.0 CALIBRATION AND STANDARDIZATION

8.1PreparationofCalibrationStandards

8.1.1Thestandardsrequiredforeachprojectwillneedtobeappropriateforthatindividualproject.
Refertoprotocolforthatproject.
8.1.2Typically50-500 ppm FC-95 inmethanolstandardsareused.
8.1.3Forrabbitliverstudies,usebeefliveras-thematrix.Cut a pieceoffrozenbeefliver(100-
150mg) and weigh itina labeledand taredweighboat.

8.2Calibration-Overview

The normalcalibrationisthefluoridecurve(AMDT-M-2). However,ifan optionalspikedliver
curveisrequiredtheprocedurelistedbelow isused.

8.2.1A calibrationcurvefortheDX2000 isgeneratedby spikingsampleswithknown standards
and combustingthem usingthesame methodsand matrixtypeasthesamplestobe tested.
8.2.2Typically,threereplicatesofeachstandardand fiveconcentrationsofstandardswillbe
spiked.
8.2.3Standardcurvewillbe plottedasMass SpikedF (ug)on thex-axisand StandardMass
RecoveredF (ug)on they-axis.Generatea regressioncurveand calculatetheequationfortheline
and ther2value.
8.2.4Mass SpikedF (ug)= (Amount spikedinmL) x (Conc.ofstandardinppm) x (0.6004)*

*FC-95 is60.04% F therefore0.6004isthefactorusedtoconvertFC-95 toF
8.2.5StandardMass RecoveredF (ug)= (TISAB volumeinmL) x (Orionreadinginppm)

8.3Calibration-Procedure

8.3.1StartUp
8.3.1.1Run 2 ormore Clean Cycleswhen startinginstrumenteachday. More cleancyclesmay
be usediftheprevioussamplescontainedhighconcentrationsof fluoride.

8.3.2Blanks
8.3.2.1Preparesampleusingthesame methodsand typeofmatrixasthetestsample.
8.3.2.2Forrabbitstudies,usebeefliverasthematrix.Prepareatleast3 samplesofbeefliver
(100 - 150 mg) forblanks.
8.3.2.3Putsample inDohrrnannboat.Combust eachsampleasdescribedinsection9.0and
analyzesampleaccordingtomethod AMDT-i'vf-2fortheionselectiveelectrodeanalysis.
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8.3.2.4Forrabbitstudies,themeterreadingfora blanksample shouldbe 0.03ppm or lower
beforeproceedingwiththecalibration.Bum samplesuntilthislimitisreached,oruntilinthe
judgement oftheoperatorthereadingisstablewithrespecttohistoricalreadings(previous48
hours).
8.3.2.5For non-rabbitstudies,theblankreadingsshouldreacha predeterminedionconcentration
beforeproceedingwiththecalibration.
8.3.2.6Itmay be necessarytomix approximately50 mg ofcharcoalwiththesample toaid
combustion.

8.3.3 Standard Curve
8.3.3.1Weigh outatleast15 matrixsamples(5standardswith3 replicateseach)intaredand
labeledweigh boats.For rabbitstudies,weigh 100-150mg beefliversamples.Record weightsin
studydata.Storethematrixsampleson dryiceoricepackstokeep them frozenuntilused.
8.3.3.2 Placeweighed beefliversample inDohrmann sampleboat.
8.3.3.3Startwiththeloweststandardconcentration.Using a Hamiltonsyringe,4@ecta fixed
quantityof thestandardon orinthematrix.Forrabbitstudies,use4 uL ofstandardand ejectiton
orinthebeefliver.
8.3.3.4At least3 replicatesshouldbe usedforthelowest standardconcentration;more replicates
may be used atthediscretionoftheanalyst.
8.3.3.5Combust thesample asdescribedinsection9.3and analyzeaccordingtoAMDT-M-2.
8.3.3.6Run all15 standards.Ifonereplicateissignificantlydifferentfrom theothertwo
replicates,run anothersample forthatstandard.Indicateindatathatthenew replicatereplacesthe
oldreplicateand thatthenew replicatewillbe used tocalculatetheregressioncurve.
8.3.3.7When allstandardshave beenrun,calculatethe r2.r2must be atleast0.95.Ifitisnotat
least0.95,consultwithsupervisor.
8.3.3.8A new standardcurveshouldbe runwhen thecombustiontubeorsample matrixis
changed. New standardcurvemay alsobe runatthediscretionoftheanalyst.

8.4 StorageConditionsforStandards

8.4.1Storagerequirementsforstandardsaredependenton theindividualstandardsused.
Typically,standardsarestoredatroom temperatureinplasticscrewtopbottles.
8.4.2New FC-95 standardsshouldbe preparedatleastonce a month.

9.0 PROCEDURES

9.1TypicalOperatingConditions:
9.1.1Combustion tubetemperature= 950*C.
9.1.2Oxygen and Helium flow 50 cc/minute.
9.1.3Vaporization/Dryingtime 240 seconds.
9.1.4Bake time = 300 seconds.

9.2StartUp'Procedure:
9.2.1Iftheprogram isnotstarted,starttheEOX proaram on thePC.
9.2.2Open theSYSTEM SETUP window.
9.2.3Put thefurnacemodule and thecellintheREADY mode.
9.2.4Close theSYSTEM SETUP window.
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9.2.5When the oven has reachedtheREADY temperature,run theCLEAN BOAT program
found intheCELL CHECK menu.
9.2.6See AMDT-EP-3 fordetailsof theDohrmann software.

9.3Sample ExtractionProcedure:
9.3.1Open theSAMPLE HATCH and placethesample intheBOAT. Itmay be necessaryto
mix approximately50 ingofcharcoalwiththesample toaidcombustion. Ifthisisdone,charcoal
should alsobe mixed inwhileestablishingthebaselineand when generatingthestandardcurve.
9.3.2Close SAMPLE HATCH.
9.3.3Add appropriatevolume ofTISAB solutionor 1:1TISAB:Milli-QTI"watermixturetoa
labeledsample collectionvial.Typically0.6n-lLto 15 mL areused. For rabbitstudies,use 1.0or
2.0mL of 1:1 TISAB:Milli-QTItwatermixture.
9.3.4PlacethevialsothatthetipoftheCOMBUSTION TUBE isintheTISAB atleast0.25
inches.Gases releasedduringpyrolysismust bubble throughtheTISAB.
9.3.5Run theEOX-SOLIDS program foundintheRUN menu.
9.3.6When theEOX program isfinished,remove thecollectionvialfrom thecombustion tube.
9.3.7IfundilutedTISAB was used tocollectthesample,add an equal volume of Milli-QTMwater
totheTISAB to make 1:1TISAB: Nfilli-QTM.
9.3.8Rinse theend ofthe combustiontubewithMilli-QTMwaterand wipe with a KIMWIPE to
remove any TISAB remainingon thetube.
9.3.9 Open the sample hatchand remove any remainingash from theboat. Ash can be removed
with a cottontippedapplicatoror vacuumed out. Itmay be necessaryto scrapparticlesoffthe
bottom with a spatulaorothersimilardevice.A drop ofMilli-QTMwater may be added tothe
boattoaidintheClean Cycle.
9.3.10 Close thehatch.
9.3.11Run theCLEAN BOAT program.
9.3.12Sample isready foranalysisby ion selectiveelectrode(ANMT-M-2).

9.4 Sample Calculations

9.4.1Use thestandardcurvetocalculatethesample value.
9.4.2Sample Mass Recovered F (ug)= (TISAB volinmL) x (Orionreadiniainppm -intercepo

(Slope)

10.0 VALIDATION

10.1QualityControl
10.1.1Daily Start Up Check Samples: Once thestandardcurve isestablished,each day of
analysisisstartedby analyzingQC samples. The QC samples aretobe thesame as thelowest
concentrationspiked samples used togeneratethestandardcurve. Each concentrationmust be
done intriplicateunlessthefirsttwo replicatesarewithin20% of thestandardcurve,thena third
replicateisnotnecessary.

10.2 Precisionand Accuracy: See method development analysisand sample analysisin
FluorideNotebooks 2,3,and 5. Precisionand accuracyvarieswhen analyzingsamples of different
matricesand differentreferencecompounds.

10.3 Other ValidationParameters: NA
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11.0 DATA ANALYSIS

11.1Calculations

11.1.1Forthestandardcurve,useregressionanalysisinExcel,version5.0orgreater.
11.1.2To calculatethefluoridecontractioninthesample,seemethod AMDT-M-2.

11.2 Analyzing theData

11.2.1r2mustbe atleast0.95orgreater."Outliers"may be excludediftwo of thethreereplicates
arewithin20% ofeachotherand theoutlierisgreaterthan200% oftheaverageofthosetwo or
lessthan50% of theaverageofthosetwo. Any suchoutliersshouldbe pointedoutinthedataand
notedintheFinalReportalongwiththereasonitwas consideredanoutlier.

12.0 ATTACHMENTS

None

13.0 REFERENCES

13.1Rosemount DohrrnannDX2000 OrganicHalideAnalyzerOperator'sManual (Manual 915-
349,revisionB, December 1993)
13.2 AMDT-M-2 FluorideMeasurementby Means ofanOrionEA940 ExpandableIon
Analyzer
13.3AMDT-EP-3 RoutineMaintenanceofaModifiedDohrmann DX2000 OrganicHalide
Analyzer

14.0 REVISIONS

Revision Revision
Numbe Reason forChange Date
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1.0 SCOPE, APPLICABLE COMPOUNDS. AND MATRICES

I.ISCOPE: Thismethod isforthecalibrationandoperationofan OrionEA940 Expandable
[onAnalyzer.

1.2APPLICABLE COMPOUNDS: Fluoride.

1.3APPLICABLE MATRICES: Liquidsamplesinanappropriatebuffersolution.Preferred
pH of6.0.

2.0 KEYWORDS

2.1Fluoride,fluorine,ionselectiveelectrode

3.0 PRECAUTFONS

3.1No hazardsidentifiedwiththismethod.

4.0 SUPPLIES AIND MATERIALS

4.1Orion940999TotalIonicStrengthAdjustmentBufferII(TISABII)orequivalent.
4.2OrionModel 900001electrodefillingsolution(AgCl)orequivalent.
4.3Orion 940907 100 ppm fluoridestandardorequivalent.
4.4Milli-QTmwaterorequivalent.
4.5Magneticstirbars.
4.6Lab tissues.
4.7Sample couectionvials.
4.8Plastic100mL volumetricflasks.
4.9Polystyrenepipettes.
4.10Miscellaneouslaboratoryglassware.

5.0 EQUIPMENT

5.1OrionModel EA940 ExpandableIonAnalyzerorequivalent.
5.2OrionModel 960900 SolidStateCombinationFluorideelectrodeorequivalent.
5.3MagneticStirPlate.
5.4IBM compatible386 or486 computer(onlyneededifusingOrion3E software).
5.5OrionRS232 interfacecable(onlyneededifusingOrion3E software).
5.6MicrosoftExcel5.0(onlyneededifusingOrion3E software).

6.0 INTERFERENCES

6.1Itisrecommended thatthepH be atornear6.0.A 1:1n-@xtureofTISAB and sample/Milli-
Q T,'Ilwaterwillgenerallybringsample topH of6.0.
6.2Sample temperaturemay effectfluoridemeasurement. Itisrecommended thatthesamplebe
atroom temperatureasthestandardswere when themeterwas calibrated.
6.3The ratethesamplesarestirredatshouldbe consistentwiththeratethestandardswere stirred.
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6.4Airbubblestrappedunderelectrodecangiveerroneousreadings.Make sureno airistrapped
under electrode.

7.0 SAMPLE HANDLING

7.1 No specialhandlingnecessary.

8.0 CALIBRATION AND STANDARDIZATION

8.1 PreparationofCalibrationStandards
8.1.1Measure50 mL ofTISAB 11into5 100niLplasticvolumetricflasks.
8.1.2Labelthe.flasksas0.05,0.1,0.5,1.0,and 1.5ppm F-,alongwiththedateand yourinitials.
8.1.3Pipette0.05,0.1,0.5,1.0,and 1.5mL of 100ppm fluoridestandardintotheappropriately
labeledflasks.
8.1.4Add approximately30 mL ofMilli-QTMwatertoeachflask.
8.1.5Shake theflaskstomix thesolutions.
8.1.6Eliniinateairbubblesfrom theflasksby dppingtheflaskson theirsidesand rollingtheairin
theflasksover theairbubbles.
8.1.7Bringthevolume intheflasksup tothe100 niL mark withMi]li-QTMwater.
8.1.8Invertand shaketheflasksforthefinalmixing.
8.1.9Record standardsinStandardsLog Book.

8.2 Calibration
8.2.1Ifnecessary,remove tapefrom electrodefillinghole.
8.2.2Invertprobe towet topseal.
8.2.3Ejecta few dropsoffillingsolutionfrom bottom ofelectrodetowet lowerseal.
8.2.4Filltheelectrodewithfillingsolution.
8.2.5The meter and theF- electrodearetypicallycalibratedby directmeasurement withno blank
correction,usingstandardswithconcentrationsof0.05,0.1,0.5,1.0,and 1.5ppm F-,following
themanufacturer'sinstructions.
8.2.6Record theslopeintheappropriatelogbook.
8.2.7Clean theelectrodeby rinsingwithMilli-QTMwaterand wipingthesidesdown withlab
tissues.

8.3 StorageConditionsforStandards
8.3.1Calibrationstandardsarestoredatroom temperature.

9.0 PROCEDURES

9.1Calibrationand i'vleasurement,Standard method:
9.1.1The sample tobe measured needstobe mixed withTISAB usingtheproportions
recommended by theTISAB manufacturer.
9.1.2Placea stirbarinthesample and placethesample on thestirplate.
9.1.3Allow thesample torr@xfora few secondsbeforeinsertingtheelectrode.When the
electrodeisinserted,make surethereareno airbubblestrappedundertheelectrode.
9.1.4The sample shouldbe thesame temperatureasthecalibrationstandardsand stirredatthe
same rateas thecalibrationstandards.
9.1.5When thereadincshave stabilized,recordthereadingintheappropriatelogbook.

3

0()0()1-15



9.2CalibrationAnd LNleasurement,Using Orion 3E Software:

9.2.1Calibration:
9.2.1.1Follow steps8.2.1to 8.2.4.
9.2.1.2PressFunctionKey #8 (F8).
9.2.1.3The computer screenwillask you toconfirm thenumber of standardstobe used,
concentrationof thestandards,and whetheror nota blankistobe includedinthecalibration.
Make any necessarychanges totheinformationpresentedand clickon CONTINUE.
9.2.1.4Place theelectrodeinthefirststandardon thestirplateand clickon CONTINUE.
9.2.1.5Observe thereadingson thegraphicdisplayon thecomputer. When thereadingshave
stabilized,pressACCEPT READING.
9.2.1.6Repeat step9.2.1.4and 9.2.1.5fortheremainingstandards.
9.2.1.7Afterthe finalstandard,thecomputer willdisplaytheslopeof thecurve,as wellas the
interceptand correlation.Record theslope,intercept,and correlationintheappropriatelogbook
and clickon CONTINUE. The calibrationdataisautomaticallycopiedtoC:\Orion\Data\Calib.txt.

9.2.2Data Spreadsheet:
9.2.2.1SelecteitherNEW orOPEN from theFILE menu toopen a new orexistingspreadsheet
tostoredata in.
9.2.2.2Record thename of thespreadsheetused in theappropriatelogbook.

9.2.3FluorideNleasurement:
9.2.3.1Follow steps9.2.1through9.2.4
9.2.3.2Enter thename of thesample intheappropriateplaceon thescreen.
9.2.3.3Clickon theNEW SAMPLE button
9.23.4 When thereadingshave stabilized,clickon theRECORD buttonand writetheresultinthe
appropriatelog book.

10.0 VALIDATION

10.1 QualityControl:

10.2 Precisionand Accuracy

10.3 Other ValidationParameters According toReference13.2,therangeofdetectionis0.02
ppm fluorideup to a saturatedsolutionof fluoride.

11.0 DATA ANALYSIS

11.1 Calculations None necessary.

11.2 Analyzing the Data None necessary.t-,P

12.0 ATTACH.NIENTS

None

13.0 REFERE@NCES
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13.1Orion Model EA940 ExpandableIonAnalyzerInstructionManual,Orion Research
Incorporated,1991.
13.2Orion Model 960900 SolidStateCombinationFluorideElectrodeInstructionManual, Orion
ResearchIncorporated,1991.

14.0 REVISIONS
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5
000047



3M EnvironmentalLaboratory

Method

Extractionof Fluorochemicalsfrom Rabbit Livers

SOP IdentiricationNumber: AMDT.M.4 Adoption Date:

RevisionNumber: 0 RevisionDate: None

Author* Dave Christenson/CynthiaWeber

Approved BY:

roupLeader Date

-3 /-1.5'-
i5u-ality-Assurance Date

Software:MS Word, 6.0
AffectedDocuments: M-5, AnalysisofRabbitExtractforFluorochemicalsUsing Electrospray
Mass Spectroscopy.



1.0 SCOPE
1.1 Scope: Thismethod isfortheextractionof fluorochemicalsfrom rabbitlivers.

Ethylacetateisusedtoextractfluorocheniicalsfrom theliversforanalysisby
electrospraymass spectroscopy.

1.2 ApplicableCompounds: Fluorochemicalsor otherfluorinatedcompounds.
1.3 Matrices:RabbitLivers.

2.0 KEYWORDS
2.1 Fluorochemicals,rabbitlivers,electrospraymass spectrometer,fluorinated

compounds, extraction.

3.0 PRECAUTIONS
3.1 Use gloveswhen handlingtherabbitlivers,theymay containpathogens.

4.0 SUPPLIES AND MATERIALS
4.1 Supplies

4.1.1 Syringe,capableofmeasuring 100pL
4.1.2 Eppendorf typeordisposablepipets
4.1.3 Gloves
4.1.4 Plasticgrindingtubes
4.1.5 Plasticcentrifugetubes,15 mL
4.1.6 Labels
4.1.7 Nitrogen
4.1.8 Timer
4.1.9 Filters,Titannylonsyringefilters,0.2gm.
4.1.10 Analyticalpipets:glassvolumetricpipets.
4.1.11 Disposableplastic3 cc syringes.
4.1.12 Crimp cap autovials.

4.2 Reagents
4.2.1 Aqueous Ammonium Acetate(Aldrich),approx.250 ppm: Preparea 2500

ppm aqueoussolutionofammonium acetateby adding250 mg ammonium
acetatetoa 100mL volumetdcflaskand dilutetovolume withNM-Q
water.Dilutethissolution1:10fora 250 ppm solution.

4.2.2 Sodium carbonate/SodiumBicarbonateBuffer(J.T.Baker),
(Na@C03/NaHC03)0.25 M: Weigh 26.5g ofsodium carbonate(Na2CO3)
and 21.0g ofsodium bicarbonate(NAHCO@ intoa I L volumetdc flaskand
bringtovolume withNEHI-Q water.

4.2.3 Diluteacetonitrilesolution,diluteacetonitrile1:1withWli-Q water.
4.2.4 EthylAcetate
4.2.5 Methanol
4.2.6 Milli-Qwater
4.2.7 IH,IH,2H,2H-perfluorooctanesulfonicacid(Aldrich)
4.2.8 FC-95 (3M SpecialtyChemicalDivision)
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5.0 EQUIPMENT
5.1 Ultra-TurraxT25 Grinderforgrindingliversamples.
5.2 Vortexmixer
5.3 Centrifuge
5.4 Shaker
5.5 AnalyticalEvaporator

6.0 INTERFERENCES
6.1 nere areno known interferencesatthistime.

7.0 SAMPLE HANDLING
7.1 Ile rabbitliversarereceivedfrozen,andmust bekeptfrozenuntiltheextractionis

performed.

8.0 CALIBRATION AND STANDARDIZATION
8.1 Preparationof InternalStandards

8.1.1 Preparean internalstandardofapproximately12 ppm 1H,lH,2H,2H-
perfluorooctanesulphonicacidtobe added toeach liversample.

8.1.2 Weigh atleast0.1 g of IH,IH,2H,2H-perfluorooctanesulphonicacidintoa
100 mL volumetdc flask.Record theactualweighl

8.1.3 Bringitup tovolume withmethanol,thisisthestockstandarcl
8.1.4 To a 250 mL volumetricflask,add 3 mLs ofthestockstandardand bringto

volume with Milli-Qwater.Calculatetheactualconcentrationofthe
standard.

actualmg perfluoroctane-
sulphonicacid X 3mL actualconcentration,ppm

0.1L 250 mL

8.2 Prepare FC-95 Anion Standards
8.2.1 PrepareFC-95 standardsforthestandardcurve.
8.2.2 Weigh approximately100 mg of FC-95 intoa 100 mL volumetricflask.

Record theactualweight.
8.2.3 Bringup tovolume withdiluteacetonitrile.
8.2.4 Dilutethesolutionwithdiluteacetonitrile1:10 fora solutionof

approximately100ppm. Dilutethissolution1:10withdiluteacetonitfflefor
a solutionofapprox.10 ppm.

8.2.5 Use the10 ppm solutiontomake working standardswithvaluescloseto
5.0ppm, 1.0ppm and 500 ppb.

8.3 Prepare Beef Liver Homogenate to Use for Standards
8.3.1 Weigh 40 g ofBovine liverintoa 250 mL Nalgenebottlecontaining

200 mLs Milli-Qwater.Grind toa homogenous solution.
8.3.2 Add ImL ofthesolutiontoa 15mL centrifugetube.Preparea totalofeight

I mL aliquotsofthesolutionin15 mL centrifugetubes.Be suretore-
suspendsolutionby shakingitbetween aliquots.
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8.3.3 SpikesevenoftheImL aliquotswiththefollowingamountsofworldng
standardsinstep9.12of theprocedure.One I mL aliquotservesasthe
blank.

Working Standard UL Approximatefinal
(ApproximateConc.) concentrationof

FC-95 inliver
- Blank

500 ppb 100 0.292 ppm
500 ppb 2 0.584 ppm
500 ppb 300 0.877 ppm
500 ppb 400 1.168ppm
IPPM 500 2.924 ppm-
5 m 200 i 5.848 ppm-
5 ppm 300 8.772ppm

8.4 Calculatetheactualvalueofthestandards:

uL ofstandardx concentration(inRRm) finalconcentration(ppm)
171 mg liveF/1 ml homogenate ofFC -95inliver

*Average weightofbovineliverinsolutionasdeterminedby weighing
1 mL homogenatesof40 mg liverin200 mL ofMilli-Qwater.The amount of
FC-95 isreportedasequivalentsofFC-95 potassiumsalt.

8.5 Calibration
8.5.1 Extractthespikedbeefliverhomogenate following9.13to9.23of this

method. Use thesestandardstoestablishyour curveon themass
spectrometer.

8.5.2 Alternatively,a standardcurvemay be generatedusingratiosofresponses
of theperfluorooctansulfonateanionand theinternalstandardanionversus
concentrationoftheperfluorooctanesulfonateanion.

8.6 Storage Conditions for Standards
8.6.1 New standardsarepreparedwitheach analysis.Standardsarestoredin

coveredplasticcentrifugetubesuntiltheanalysison themass spectrometer
isperformed.

8.7 Storage Conditionsfor Standards
8.7.1 Beef liverhomogenatesmay be frozenafterpreparation.

9.0 PROCFDXTRFS
9.1 Obtainfrozenliversamples.Inspenttissue,notethattheliverhasnotbeen

packaged withothertissues.
9.2 Use a dissectingscalpeland cutoffapproximatelyIg ofliver.
9.3 Weigh thesampledirectlyintoa taredplasticgrindingtube.
9.4 Record theliverweightinthestudynotebook.
9.5 Fluta labelon thevialwiththestudynumber, weight,rabbitD:),dateand analyst

initials.
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9.6 Add 2.5mLs water.
9.7 Grind thesample.Putthegrinderprobe inthesampleand grindforabout2

minutes,untilthesample isa homogeneous solutionwithno largechunks.
9.8 Rinsetheprobe offintothesamplewith2.5mLs waterusinga pipet.
9.9 Take thegrinderapartand cleanitwithmethanolaftereach sample.Follow

AMDT-EP-22.
9.10 Cap thesample and vortexfor 15seconds.
9.11 PipetI niL intoa 15mL centrifugetube.Labelthecentrifugetubewiththeidentical

informationasthegrindingtube.(SeeAMDT-M-4 Worksheetfordocumentingthe
remainingsteps.)

9.12 Spikethebeefliverhomogenateswiththeappropriateamount of FC-95 standard
as describedin8.3.

9.13 Spikethesamplesand beefliverhomogenates with100 uL ofintemalstandard.
9.14 Add 1 mL ofthesodium carbonate/sodiumbicarbonatebufferand I mL ammonium

acetate.
9.15 Using an analyticalpipet,add 5 mL ethylacetate.
9.16 Cap thesample and vortex20 to30 seconds.
9.17 Putthem intheshakerfor20 iriin.
9.18 Centrifugefor20 to25 minutes,untilthelayersarewellseparated.Setthepower

on thecentrifugeto25.
9.19 Remove 4 mLs ofthetoporganiclayertoa fresh15 mL centrifugetubewitha 5

mL graduatedglasspipet.Transferthelabeltothefreshtube.
9.20 Blow thesampledown on theanalyticalevaporatortoneardrynesswithnitrogen,

approximately30 to40 minutes.
9.21 Bzing theremainingsampleup inI niLdiluteacetonitrilewithan analyticalpipet.
9.22 Vortex 15 seconds.
9.23 Transferthesample toa 3 mL syringe.Attacha 0.2pm nylonmesh filter,and filter

thesampleintoa freshcentrifugetubeora autovial.Label thetubeorvialwiththe
studynumber and animalnumber.

9.24 Cap and holdforanalysisby electrospraymass spectroscopy.
9.25 Complete AMDT-M-4 worksheetand attachtopage ofstudynotebook.

10.0 VALIDATION
10.1 QualityControl-notapplicable
10.2 Precisionand Accuracy-not applicable
10.3 Other ValidationParameters-notapplicable

11.0 DATA ANALYSIS
11.1 None

12.0 ATTACHMENTS
12.1 WorksheetAMDT-M-4

13.0 RMRENCES
13.1 ANMT-EP-22 RoutineMaintenanceofUltra-TurraxT-25

14.0 REVISION'S
Revision Revision

Number Reason -forChange Date
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Worksheet AMDT-M-4

Study Sample FC-95 FC-95 FC-95 Date and
Number approx 0.5ppm approx I ppm approx.5 ppm InitialsforStd.

actual PPM actual ppm actual PPM
set #W #W #W
Blank T-ivt-r -

100 ilf,
700 tiT@
100 "T.
41)0iil,

- if)OiiT, -
2(10iiT,
100 iiT.

-qudv nilm r3ght-rethe oripinglwo beetiglorAtt--.-ti-andnla e a cony

Liver1Pxtrn on Prn(-Pqq- T)Rtt- Tnitialq

Pirk-tI mt.-nfLiverSoliitinn

Pinet100 iiLof 12 nnm Tntern;iiStandard stti

Vnrtex11gre-

-PinetI mT.nf 2';0nnm A mmnniiim Arft:lti-

PinetI mT. of0 2,1Nn.('O,/0-25MN:IHCO. Ruffer

Pineti mT. nf RthylArt-intL-
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1.0 SCOPE
1.1 Scope: Thismethod isfortheanalysisofextractsofrabbitliverorothertissuesor

fluidsforfluorochemicalsusingthe electrospraymass spectrometer.ne analysis
isperformed by singleionmonitoringofFC-95 anion,M/Z= 499, theinternal
standardM/Z = 427, and otherappropriatemasses.

1.2 Applicable Compounds: Fluorochemicalsor otherfluorinatedcompounds.
1.3 Matrices:RabbitLivers(samples),Beef Liver(standards),othertissuesand

fluids.

2.0 KEYWORDS
2.1 Fluorochemicals,fluorinatedcompounds, electrospraymass spectroscopy,mass

spectrometer,rabbitlivers.

3.0 PRECAUTIONS
3.1 Use cautionwiththevoltagecablefortheprobe.When thevoltagecableisplugged

intotheprobe DO NOT TOUCH THE PROBE, thereisriskof electricalshock.
3.2 Do not run thepump above it'scapacityof 4000 psi.Ifpressuregoes over4000 psi

stop and releasepressure.The peak tubingmay be plugged.Troubleshootback to
findtheplug and replacetheplugged tubing.See AMDT-EP-15

3.3 Do notrun thepump to dryness.

4.0 SUPPLIES AND MATERIALS
4.1 Supplies

4. 1.1 Nitrogengas regulatedto 140 psi.
4.1.2 Fluofixcolumn orequivalent.
4.1.3 100 uL or250 uL flattipsyringeforsample injection.

4.2 Reagents
4. 2. 1 Diluteacetonitrilemobilephase,diluteacetonitrile1:1 withMilli-Qwater.
4.2.2 Milli-Qwater,allwaterusedinthismethod shouldbe Milli-Qwater.

5.0 EQUIPMENT
5.1 VG Trio 2000 ElectrosprayMass Spectrometeror equivalent.
5.2 ISCO SyringePump
5.3 SpectraphysicsAS300 Autosampler
5.4 100 uL Assembly
5.5 Autovialsor capped centrifugetubes.

6.0 INTERFERENCES
6.1 There areno known interferencesatthistime.

7.0 SAMPLE HANDLING
7.1 Keep theextractedsamples incapped 15 mL centrifugetubesorincapped autovials

untilready foranalysis.

0()OO-J,j
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8.0 CALTBRATION AND STANDARDIZATION
8.1 Preparation of CalibrationStandards

8. 1. 1 Seven beefliverstandardsand one blankbeef liverarepreparedduring the
extractionprocedure.(SeeAMDT-M-4, section8.0)

8.2 Calibration
8.2. 1 Run theseven beefliverstandardstwice,startingwith theloweststandard

toobtainthestandardcurve.
8.2.2 Typicallyone standardisrun aftereach 5 to7 samples.Choose a standard

in thesame rangeof concentrationas thesamples.

8.3 Storage Conditions for Standards
8.3. 1 Fresh standardsarepreparedwitheach analysis.Standardsarestoredin

covered plasticcentrifugetubesuntiltheanalysison themass spectometeris
performed.Samples and standardsareNOT refrigerated.

8.4 Storage Conditions for Beef Liver Homogenates
8. 4. 1 Beef liverhomogenates may be frozenafterpreparation.

9.0 PROCEDURE
9.1 InitialSet-up

9.1.1 Setsoftwareto"Operateon", IonMode ES-.
9.1.2 Record backingpressurein theinstrumentlog.
9.1.3 Fillthesolventcylinderwithmobilephase.
9.1.4 Set thepump to"Run". Set theflowto 1000 ul.Anin.Observes droplets

coming out of thetipof theprobe.The pressureshould be at 1700 to 1800
psi.

9.1.5 Check thefusedsilicaattheend of theprobe.Use an eye piecetocheck for
chips.The tipshouldbe flatwithno jagged ed-es.Ifany chipsarefound
cutoffthetipof thesilicawithacolumn cutterand pullthesilicathroughto
theappropriatelength.

9.1.6 Check your nitrogensupply.Turn on thenitrogen.There shouldbe no
nitrogenleakingaround thetipof theprobe.A finen-@stshould be coming
outof thetip.

9.1.7 Carefullyguide theprobe intotheopening.Insertituntilitwon't go any
further.Connect thevoltagecableto theprobe.

9.1.8 Go tothe"Editot"page,and setIonizationMode toES-,and the
appropriatemasses to427 and 499.

9.1.9 Ifitisnotin singleionmode go to"Option" and setSIR.
9.1.lOStartAcquisition.Assign a filename, MO-DAY-YR + letter.Record itin

thelogbook.
9. 1.11 Run thebeefliversamples first,runningeach standardtwiceatthe

beginningof therun..Run a QC check by runningone standardafterevery
5 to7 samples.

9.2 Manual Injection
9.2. 1 Draw 150 uL of sample intoa syringe.Injectthesample intotherheodyne

injectionport.Injectslowly.Record thesample ID in thelogbook.
9.2.2 Turn thevalveto"On".
9.2.3 Wait two minutes,tndinjectthenextsample.
9.2.4 Record thescannumber foreach sample inthelogbook.

0 ()0 0
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9.3 Using the Autosampler
9.3.1 Setup sample trayA, B, or C.
9.3.2 Record thesamplesand theirpositionsintheinstrumentlogbook.Up to17

vialsmay be ineach run.
9.3.3 Set-upthesampler:

9.3.3.1 Push thesample button
9.3.3.2 Setsample loopsize= 100 uL
9.3.3.3 Setinject/sample= 2
9.3.3.4 SetCycletime= 0
9.3.3.5 Name thefile:Livers
9.3.3.6 Identifythetrayused
9.3.3.7 Add thesamplestoQueue by pressing"Entee'
9.3.3.8 Press"Run" tostart

10.0 VALIDATION
10.1 QualityControl

10.1.1Run a standardevery5 to7 samples.Ifa significantchange(±50%) in
peak heightoccursstoptherun.Only thesamplesbeforethelastacceptable
standardwillbe used.ne remainingsampleswillbereanalyzed.

10.2 Precisionand Accuracy -
10.2.1See Method ValidationReportnumber AMDT-M-5.0.Vl

10.3 Other ValidationParameters
10.4 RefertoMethod ValidationReportNumber ANOT-M-5.0.Vl

11.0 DATA ANALYSIS

11.1 Calculations
11.2 Plotthestandardcurve,usingthemean ofthetwo valuesobtainedforeach

standard.
11.2.1Read peak heightsorareasforthesamplesfrom theprintout.Use linear

regressiontodeterminethesample concentrations.
11.2.2Calculatethemg ofFC-95 anion,orotherfluorochemicalinthetotalrabbit

liver-

mg FC-95 anioninthetotalrabbitliver

mg FC-95 anionfrom std.curve x Totalmass ofliver,gms
gms ofliverused foranalysis

11.3 Make a resultstableandenteritinthestudybook.
11.4 Printa chromatogram foreachsample,Mth thepeaks labeledwiththesampleor

standardD:).Writethestudynumber on theprintout,initial,date,and putitinthe
studyfolder.Stapleallchromatograms togetherand number pages.
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12.0 ATTACHMENTS

None

13.0 REFERENCES

13.1 AMDT-EP- 17

14.0 REVISIONS

Revision Revision
Num Reason forchangg Date
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1.0 SCOPE, APPLICABLE COMPOUNDS, AND NIATRICES

1.1Scope:Thismethod isfortheoperationofa Dohrmann DX2000 when itisusedtoextract
fluoridefrom variousmatrices.The fluorideistypicallycollectedinTISAB solutionforanalysis
withan ionselectiveelectrode.
.1.2ApplicableCompounds: Fluorochemicalsorotherfluorinatedcompounds.
1.3Matrices:Biologicalfluids,particularlysenim.

2.0 KEYWORDS

2.1Fluoride,fluorine,extraction,pyrolysis,ionization,ionselectiveelectrode,Dohrmann, halide,
DX2000, fluorochemicals.

3.0 PRECAUTIONS

3.1Glasswareand exhaustgasescan be extremelyhot.
3.2Glasswareisfragile,brokenglassmay causeinjuries.
3.3Pressurizedgases,propercompressedgashandlingpracticesrequired.
3.4Solventbasedsamplesmay flash,may need toallowthem todrydown beforestartingnm.
3.5Potentialbiohazardsdue tothebiologicalmatrices.Use appropriatepersonalprotective
equipment.

4.0 SUPPLIES AND MATERIALS

4.1Compressed Oxygen, Hydrocarbonfree,regulatedto30 PSI.
4.2Compressed Helium,High PurityGrade,regulatedto45 PSI.
4.3QuartzglasssampleboatwithTeflonTMtubing,Dohnnann 890-097orequivalent.
4.4Quartzglasscombustiontube,RelianceGlass G-9405-012 orequivalent.
4.5Orion940999TotalIonicStrengthAdjustmentBuffer(TISAB II)orequivalent.
4.6Sample collectionvials,HDPE.
4.7NEIH-QTM water
4.8Polystyrenepipettes.
4.9ActivatedCharcoal,E.Merck 2005 orequivalent.
4.10HamiltonSyringeor equivalent.
4.11Miscellaneouslaboratoryglassware

5.0 EQUTPNIENT

5.1Rosemount Dohrmann DX2000 OrganicHalideAnalyzer,modifiedforfluorideextraction.
5.2IBM compatible386 or486 computer.
5.3DX2000 software,version1.00,modifiedforfluorideextraction.
5.4Excel Spreadsheet,version5.0orgreater

6.0 INTERFERENCES

6.1 Sample sizeislimitedtoapproximately10041.Thismay varyfrommatrixtomatrix.
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7.0 SAMPLE HANDLING

7.1Samples aretobe handledwithplasticpipettes.A new pipetteistobe usedforeachsample.

8.0 CALIBRATION AND STANDARDIZATION

8.1PreparationofCalibrationStandards

8.1.1The standardsrequiredforeachprojectwillneed tobe appropriateforthatindividualproject.
Refertoprotocolforthatproject.
8.1.2Typically50-500ppm FC-95 inmethanolstandardsareused.
8.1.3Forrabbitse= studies,usebeefserumasthematrix.

8.2 Calibration-Overview

The normalcalibrationisthefluoridecurve(AMDT-M-2). However, ifan optionalspikedserum
curveisrequiredtheprocedurelistedbelow isused.

8.2.1A calibrationcurvefortheDX2000 isgeneratedby spikingsampleswithknown standards
and combustingthem usingthesame methods and matrixtypeasthesamplestobe tested.
8.2.2Typically,threereplicatesofeachstandardand fiveconcentrationsofstandardswillbe
spiked.
8.2.3Standardcurvewillbe plottedasMass SpikedF (ug)on thex-axisandStandardMass
RecoveredF (ug)on they-axis.Generatea regressioncurveand calculatetheequationfortheline
and ther2value.
8.2.4Mass SpikedF (ug)= (Amount spikedinmL) x (Conc.ofstandardinppm) x (0.6004)*

*FC-95 is60.04% F therefore0.6004isthefactorusedtoconvertFC-95 toF
8.2.5StandardMass RecoveredF (ug)= (TISAB volumeinmL) x (Orionreadinginppm)

8.3Calibration-Procedure

8.3.1StartUp
8.3.1.1Run 2 ormore CleanCycleswhen startinginstrumenteachday.More cleancyclesmay
be usediftheprevioussamplescontainedhighconcentrationsoffluoride.

8.3.2Blanks
8.3.2.1Preparesample usingthesame methods and typeofmatrixasthetestsample.
8.3.2.2Forrabbitstudies,usebeefserum asthematrix.
8.3.2.3Putserum blank-inDohn-nannboat.Combust sample asdescribedinsection9.0and
analyzesampleaccordingtomethod AMDT-M-2 fortheionselectiveelectrodeanalysis.
8.3.2.4For rabbitstudies,themeterreadingfora blanksample shouldbe 0.03ppm orlower
beforeproceedingwiththecalibration.Bum samplesuntilthislimitisreached,oruntilinthe
judgementoftheoperatorthereadingisstablewithrespecttohistoricalreadings(previous48
hours).
8.3.2.5Fornon-rabbitstudies,theblankreadingsshouldreacha predeterminedionconcentration
beforeproceedin_awiththecalibration.
8.3.2.6Itmay be necessarytomix approximately50 mg ofcharcoalwiththesampletoaid
combustion.

OOOOC-1
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8.3.3Standard Curve
8.3.3.1Ifbeefserum isfrozen,thaw atleastenough tocompletethestandardcurveanalysisforthe
day(=30mL).
8.3.3.2Pipette100@LLofbeefserum intoDohnnann sample boat.
8.3.3.3Startwiththeloweststandardconcentration.Using a Hamilton syringe,ejecta fixed
quantityofthestandardon orinthematrix.For rabbitstudies,use4 uL ofstandardand ejectiton
or inthebeefserum.
8.3.3.4At least3 replicatesshouldbe used forthelowest standardconcentration;more replicates
may be used atthediscretionoftheanalyst.
8.3.3.5Combust thesample asdescribedinsection9.3and analyzeaccordingtoAMDT-M-2.
8.3.3.6Run all15 standards.Ifone replicateissigrdficantlydifferentfrom theothertwo
replicates,nm anothersample forthatstandard.Indicateindatathatthenew replicatereplacesthe
oldreplicateand thatthenew replicatewillbe used tocalculatetheregressioncurve.
8.3.3.7When allstandardshavebeenran,calculatethe r2.r2must be atleast0.95.Ifitisnotat
least0.95,consultwithsupervisor.
8.3.3.8A new standardcurveshouldbe run when thecombustiontubeorsample matrixis
changed. New standardcurvemay alsobe runatthediscretionoftheanalyst.

8.4 StorageConditionsforStandards

8.4.1Storagereqw
-
rements forstandardsaredependenton theindividualstandardsused.

Typically,standardsarestoredatroom temperatureinplasticscrewtopbottles.
8.4.2New FC-95 standardsshouldbe preparedatleastonce a month.

9.0 PROCEDURES

9.1TypicalOperating Conditions:
9.1.1Combustion tubetemperature= 950'C.
9.1.2Oxygen and Helium flow= 50 cc/n-dnute.
9.1.3Vaporization/Dryingtime= 240 seconds.
9.1.4Bake time = 300 seconds.

9.2StartUp Procedure:
9.2.1Iftheprogram isnotstarted,starttheEOX program on thePC.
9.2.2Open theSYSTEM SETUP window.
9.2.3Put thefumace module and thecellintheREADY mode.
9.2.4Closethe SYSTEM SETUP window.
9.2.5When theoven hasreachedtheREADY temperature,runtheCLEAN BOAT program
found intheCELL CHECK menu.
9.2.6See AMDT-EP-3 fordetailsoftheDohrinann software.

9.3Sample ExtractionProcedure:
9.3.1Open theSANIPLE HATCH and pipette100@iLof sampleintotheBOAT. Itmay be
necessarytomix approximately50 mg ofcharcoal%iththesampletoaidcombustion. Ifthisis
done,charcoalshouldalsobe mixed inwhileestablishingthebaselineand when generatingthe
standardcurve.
9.3.2Close SA',IVIPLEHATCH.

0 0
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9.3.3Add appropriatevolume ofTISAB solutionor 1:1 TISAB:Milli-QTM watermixture toa
labeledsample collectionvial.Typically0.6mL to 15mL areused. For rabbitstudies,use 1.0or
2.0mL of 1:1 TISAB:Milli-QTM watermixture.
9.3.4Placethevia]so thatthetipoftheCOMBUSTION TUBE isintheTISAB atleast0.25
inches.Gases releasedduringpyrolysismust bubblethrough theTISAB.
9.3.5Run theEOX-WATER program found intheRUN menu.
9.3.6When theEOX program isfinished,remove thecollectionvialfrom thecombustion tube.
9.3.7 IfundilutedTISAB was used tocollectthesample,add an equalvolume ofMilli-QTMwater
totheTISAB tomake 1:1 TISAB:Milli-QTM.
9.3.8Rinse theend ofthecombustion tubewithMilli-QTmwaterand wipe with a KIMWIPE to
remove any TISAB remaining on thetube.
9.3.9 Open thesample hatchand remove any remainingash from theboat. Ash can be removed
witha cottontippedapplicatorand/orvacuumed out.Itmay be necessaryto scrapparticlesoffthe
bottom witha spatulaorothersimilardevice.A dropofMilli-QTmwater may be added tothe
boatto aidintheClean Cycle.
9.3.10 Close thehatch.
9.3.11 Run the CLEAN BOAT program.
9.3.12 Sample isready foranalysisby ionselectiveelectrode(ANOT-M-2).

9.4 Sample Calculations

9.4.1Use thestandardcurveto calculatethesample value.
9.4.2Sample Mass Recovered F (ug)= (TISAB volinmL) x (Orionreadinizin1?12m-intercept)

(Slope)

10.0 VALIDATT N

10.1 QualityControl
10.1.1DailyStartUp Check Samples: Once thestandardcurveisestablished,eachday of
analysisisstartedby analyzingQC samples.The QC samples aretobe the same as thelowest
concentrationspikedsamples used togeneratethestandardcurve. Each concentrationmust be
done in triplicateunlessthefusttwo replicatesarewithin20% of thestandardcurve,thena third
replicateisnotnecessary.

10.2 Precision and Accuracy: See method development analysisand sample analysisin
FluorideNotebooks 2,3,and 5. Precisionand accuracyvarieswhen analyzingsamples of different
matricesand differentreferencecompounds.

10.3 Other ValidationParameters: NA

11.0 DATA ANALYSIS

11.1 Calculations

11.1.1 For thestandardcurve,use regressionanalysisinExcel,version5.0or greater.
11.1.2To calculatethe fluohdecontractioninthe sample,seemethod AMDT-M-2.
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11.2AnalyzingtheData

11.2.1r2mustbeatleast0.95orgreater."Outliers"may beexcludediftwoofthethreereplicates
arewithin20% of each otherand theoutlierisgreaterthan200% of theaverageof thosetwo or
lessthan50% of theaverage of thosetwo. Any such outliersshouldbe pointedoutin thedataand
noted intheFinalReport alongwith thereasonitwas consideredan outlier.

12.0 ATTACHMENTS

None

13.0 REFERFNCES

13.1Rosemount Dohnnann DX2000 Organic Halide AnalyzerOperator'sManual (Manual 915-
349,revisionB, December 1993)
13.2 AMDT-M-2 FluorideMeasurement by Means of an Orion EA940 Expandable Ion
Analyzer
13.3AMDT-EP-3 Routine Maintenance ofa Modified Dohrmann DX2000 Organic Halide
Analyzer

14.0 REVISIONS

Revision Revision

Numbe Reason forChange Date
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9.3 QualityAssurance Unit Statement
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At=h=nt D

GLP Study
QualityAssuranceStatement

Study Title: Single-dose Intravenous Pbarmacokinetic Study of T-6049 in Rabbits

StudyNumber AMDT- 112294.1 Name ofAuditor:KariRambo

Thisstudyhasbeen inspectedby theQualityAssuranceUnitasindicatedinthefollowingtable.
The findingswere reportedtothestudydirectorand management.

InspectionDates Date InspectionReportedto
E= TO Phase Manag=ot StudyDirector

10-11-95 11-03-95 FinalReport 11-03-95 11-03-95

QAU Auditor Date



9.4 Key PersonnelInvolvedintheStudy
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QualityAssuranceUnit:
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CynthiaWeber
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9.11.1Summary and raw data;ug F-inwhole liveras
determinedby then-nalextractionfollowedby analysis
usingOrionionanalyzer.
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Summary ofCombustion Data - Liver

AMDT-112294.1, HWI 6329-129

As Referenced inFinalReport section6.0DATA ANALYSIS

Totalug FluorideinWhole Liver

Mean per Dose Group

ED ug

Controlgroup 23.37

5.0mg/kg dose (T6049) 23.28

10.0mg/kg dose (T6049) 16.01

100 mgtkg dose (T6049) 35.87

500 mg/kg dose (T6049) 92.03



RPTI 29L.XLS

FC95PK Actual Average Whole TotalF-in
ppm F- ppm F- liver liver whole

% inliver inliver burned weight liver Dosage
ID rcvry (W/W) (W/W) (grams) (grams) (ug) (mglkg)

BLNK LIVER 1 1.052 0.1216
BLNK LIVER 2 0.423 0.1551
BLNK LIVER 3 0.758 0.1135
BLNK LIVER 4 0.473 0.1502
BLNK LIVER 5 0.308 0.1473
LIVER SPK 63-1 77% 0.895 0.1300
LIVER SPK 63-2 86% 1.024 0.1274
LIVER SPK 63-3 83% 1.045 0.1205
LIVER SPK 126-1 34% 2.192 0.1159
LIVER SPK 126-2 83% 1.616 0.1554
LIVER SPK 126-3 86% 2.353 6.iiio
LIVER SPK 253-1 82% 3.580 0.1399
LIVER SPK 253-2 80% 3.966 0.1228
LIVER SPK 253-3 86% 4.195 0.1242
LIVER SPK 506-1 69% 6.493 0.1292
LIVER SPK 506-2 68% 6.338 0.1297
LIVER SPK 506-3 69% 7.100 0.1175
LIVER SPK 1012-1 63% 12.884 0.1186
LIVER SPK 1012-2 75% 14.244 0.1277
LIVER SPK 1012-3 64% 13.635 0.1139
BLANK LIVER-1 0.432 0.1144
BLANK LIVER-2 0.303 0.1223
BLANK LIVER-3 0.219 0.1402
F52652-1 0.332 0.1329
F52652-2 0.242 0.273 0.1202 85.62 23.37 0.0
F52652-3 0.245 0.1013
F52653-1 0.319 0.1385
F52653-2 0.217 0.254 0.1118 91.68 23.28 5.0
F52653-3 0.226 0.1155
F52654-1 0.174 0.1464
F52654-2 0.206 0.204 0.1173 78.65 16.01 10.0
F52654-3 0.231 0.1168
F52665-1 0.480 0.1411
F52665-2 0.384 0.434 0.1502 82.72 35.87 100.0
F52666-1 0.437 0.1325
F52666-1 0.973 0.1415
F52666-2 1.043 0.988 0.1146 93.11 92.03 500.0
F52666-3 0.949 0.1161
LIVER SPK-A 66% 0.791 0.1269
LIVER SPK-B 67% 0.895 0.1126
LIVER SPK-C 73% 0.1290
LIVER SPK-D 74% 0.1397
LIVER SPK-E 76% 0.1457
LIVER SPK-F 74% 0.1351
LIVER BLNK-1 0.1232
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9.11.2Summary and raw data;analysisofliver
extractsusingelectrospraymass spectrometry.
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A- I
HWI# 6329-129 0-aftIea" p

Study: Single-DoseIntravenousPharmacokinetic
%I-to - 195

ProtocolNumber: TP8084.PK
Test Material: T-6049 inRabbits(FC-95)
Matrix: Liver
R Squared Value: 0.9717
Re"nso FactorAmount: 1.07E-05
Analyst: DLC
Date: 3/28195
Method:
Instrument: FisonsVG 2000 ElectrosprayMS
LABBASE File: 032895C

Group Sample IonCount Extractedwt Dilution Concentration Totalmass Totalamount of

Dose Area 9 factor @49 ofliver FC-95 per liver

9 mg

Group 1:
0 mg/kg F52652 N.D. 0.9979 1 N.D. 85.619 N.D.

Group 2:
5 mg /kg F52653 N.D. 1.061 1 N.D. 91.683 N.D.

Group 3:
10mg/kg F52654 6056 1.1129 1 0.0466 78.656 0.004

Group 4:
100 mgtkg F52665 39065 1.0209 1 0.3274 82.718 0.027

Group 5:
500 mg/kg F52666 71977 1.1125 1 0.5536 93.111 0.052

The concentrationwas calculatedby usingthestandardcurve and multiplyingtheresultby 4/5.The 415
factorIsthe resultof a miscalculationInapplyingformula8.4InMethod AMDT-M-4-0. 137 mg of liverwas used In
thiscalculationratherthanl7l mg. The concentrationsInthestandardcurvearetherefore5/4largerthan they
should be.By multiplyingthecalculatedconcentrationInthestandardcurve by 4/5,theco.. tresultIsobtained.
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File:03209SC LAB-BASE - The MS Bata System 28/03/1
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File:032895C LAB-BASE - The MS Data System 28/03/
Sample: liver frtm absorp+ilpiistudtor 632q IZI %1/10/q5 OLC_
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File:032895C LAB-BASE The MS Data System 28/03/
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9.11.3Summary and raw data;ppm F-inserum as
determinedby thermalextractionfollowedby analysisusing
Orion ionanalyzer.

Thisdata,althoughsupportive,intheopinionoftheStudy
Directorisnotrequiredtoreachtheconclusionstatedin
,FinalReport Section6.0,and thereforeisnotdiscussedin
detail.



Summary ofCombustion Data -Liver

AMDT-112294.1, HWI 6329-129

ConcentrationofFluorideinSerum
Mean per Dose Group per Sampling Interval*

Average

ppm F-
insernm

(W/W)
500 mgtkg dosedrabbit 48 EIR 0.633

24 HR 0.707

12 HR 0.789

8 HR 0.620

6 HR 0.595

4 HR 0.614

2 HR 0.705

100 mgtkg dosed rabbit 48 HR 0.341

24 HR 0.289

12 HR 0.395

8 HR 0.293

6 HR 0.246

4 HR 0.265

2 HR 0.255

*2-24hour calculatedas the mean ofduplicatesamples,48 hour analyzedintriplicate.



RPT129.XLS

FC95 PK Actual Average
ppm F- ppm F- serum

ID % in serum inserum burned Dosage
rcvry (W/W) (W/W) (mL) (mg/kg)

Serum blk 1 0.931 0.1
Serum bik2 0.590 0.1
Serum blk3 0.391 0.1
Serum blk4 0.321 0.1
Serum SPK 1 69% 2.10 0.1
Serum SPK 2 184% 5.58 0.1
Serum SPK 3 79% 2.40 0.1
Serum SPK 4 78% 2.36 0.1
Serum SPK 5 103% 3.13 0.1
Serum SPK 6 98% 2.99 0.1
SERUM BLANK-1 0.511 0.1
SERUM BLANK-2 0.375 0.1
F52666-F5-48 HR - 1 0.689 0.1
F52666-F5-48 HR - 2 0.582 0.633 0.1 500
F52666-F5-48 HR - 3 0.628 0.1
F52666-F5-24 HR - 1 0.735 0.1
F52666-F5-24 HR - 2 0.680 0.707 0.1 500
F52666-F5-12 HR - 1 0.835 0.1
F52666-F5-12 HR - 2 0.743 0.789 0.1 500
F52666-F5-8 HR - 1 0.636 0.1
F52666-F5-8HR - 2 0.605 0.620 0.1 500
F52666-F5-6HR - 1 0.617 0.1
F52666-F5-6HR - 2 0.573 0.595 0.1 500
F52666-F5-4HR - 1 0.580 0.1
F52666-F5-4HR - 2 0.649 0.614 0.1 500
F52666-F5-2HR - 1 0.755 0.1
F52666-F5-2HR - 2 0.655 0.705 0.1 500
SERUM BLANK 1 0.575 0.1
SERUM BLANK 2 0.314 0.1
F52665-F4-48 HR-1 0.333 0.1
F52665-F4-48 HR-2 0.350 0.341 0.1 100
F52665-F4-48 HR-3 0.339 0.1
F52665-F4-24HR-1 0.303 0.1
F52665-F4-24HR-2 0.276 0.289 0.1 100
F52665-F4-12HR-1 0.464 0.1
F52665-F4-12HR-2 0.326 0.395 0.1 100
F52665-F4-8HR-1 0.288 0.1
F52665-F4-8HR-2 0.299 0.293 0.1 100
F52665-F4-6HR-1 0.242 0.1
F52665-F4-6HR-2 0.249 0.246 0.1 100
F52665-F4-4HR-1 0.272 0.1
F52665-F4-4HR-2 0.257 0.265 0.1 100
F52665-F4-2HR-1 0.254 0.1
F52665-F4-2HR-2 0.256 0.255 0.1 100

Page 1
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Oral Developmental Toxicity(Teratology)inRats and Rabbits

An oralteratologystudyinratswithpotassiumperfluorooctanesulfonatewas conducted
atRikerLaboratories(RikerPharmaceuticalPathology/ToxicologyLaboratory).
Dose levels(oral)giventothepregnantratdams were 0, 1,5,and 10 mg/kg.
Matemal toxicity(reducedweightgain)occurredatthehighdoseof 10 mg/kg on days
6 through15 ofgestation.Evidenceoffetaltoxicitywas notfoundatany dose level.
No skeletaland softtissueteratogenicchangeswere foundatany dose levelwithone
exception.A change inthelensof theeye was found inalldosegroupsincludingthe
controlbuttheincidenceinhighdosegroup was significantlyhigher.Thischange was
reportedasa developmentaleye abnormalityand thesummary of thereportstatesthe
compound was teratogenic.An outsideconsultantand teratologyexpert,Dr. E.
MarshallJohnson from JeffersonMedicalCollege,visited3M and reviewedtheratpup
eye specimensinquestion.He concludedthattheeye/lenschangeswere, infact,
sectioningartifactsand notcompound relatedteratologyabnormalities(seeenclosed
letter).A repeatstudywas conductedatHazletonLaboratoriesAmerica (seebelow)
which revealedno effectson thelens.

Inthesubsequentstudymentioned above,potassiumperfluorooctanesulfonate
(suspendedincom oil)was administeredon gestationaldays 6-15by oralgavageto
groupsof25 pregnantSprague-DawleyCD ratsatdosesof 0 (control),1,5,and 10
mg/kg/day (HazletonLaboratoriesAmerica).Severematemal toxicityoccurredinthe5
mg/kg and 10 mg/kg dose groups,asevidencedby significantreductionsinmean body
weightgain,terminalbody weightminus graviduterineweightandfoodconswnption
compared tocontroldams, actuallossesinbody weighton commencement oftreatment
among numerous dams and deathintwo dams inthe 10mg/kg dose grouppriorto
gestationalday 20. Mean body weightgains(days0-20)at5 and 10mg/kg were 104
35 (S.D.)and 34 ± 73 (S.D.),respectively,ascomparedto125± 24 (S.D.)inthecontrol
group. Mean foodconsumptionvalues(days0-20)at5 and 10 mg/kg were 363 ± 60
(S.D.)and 264 ± 90 (S.D.),respectively,ascomparedto421 ± 28 forthecontrolgroup.
Mean terminalbody weightminus graviduterineweightat5 and 10 mg/kg was 293 ± 28
(S.D.)and 241 ± 60 (S.D.),respectively,ascomparedto321 ± 23 (S.D.)inthecontrol
group. Clinicalsignsinsurvivingdams includedhunching,lowerbody weight,alopecia,
rough haircoat,anorexia.Gastrointestinaland kidneylesionswere notedinthehigh-
dose dams.
Treatment-relatedfetaleffectsthatwere attributedtomatemal toxicityincluded:
increasedresorptionsand fetaldeath,decreasedfetalbody weight,delayedskeletal

I
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ossification,cleftpalate,subcutaneousedema and cryptorchism(undescendedtesticles).
These effectsoccurredprimarilyinthehigh-dosegroup.The matemal and fetal
NOAELs forthisstudywere both Img/kg/day.

An oraldevelopmentaltoxicity(teratology)studyinrabbitswas conductedatArgus
Laboratories.Inthisstudy,dose groupsof22 pregnantnew zealandwhiterabbitswere
dosed on days 7 through20 ofgestationwitheither0,0.1,1.0,2.5,or3.75mg/kg/day
PFOS.

Matemal toxiceffectsincluded:1)decreasedbody weightatthehighestthreedose levels
witha minimaleffectatthe1.0mg/kg dose;2)decreasedfood consumptionatthe
highesttwo doses;3)frequentscantfecesatthehighestdose,and4)increasedabortions
atthehighesttwo doses.

Fetaltoxiceffectsincludedreducedfetalweightand an increaseindelayedossificationat
thehighesttwo doses.No teratogeniceventswere observedinthestudy.

Based on thisstudy,PFOS was notteratogenicunderconditionsofthestudyand the
matemal and fetalNOELs are0.1mg/kg/dayand 1.0mg/kg/day,respectively.

Thus,theweightoftheevidenceindicatesthatperfluorooctanesulfonatedoes notcause
teratogeniceffectsinratsand rabbitswhen dosed atlevelswhich arenotmaternally
toxic.The lenschangeobservedinratpups intheRikerPharmaceuticalstudywas a
sectioningartifactand was not foundupon repeatstudiesatan independentlaboratory.

2
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OFFICE OF QUALITY ASSURANCE

ProjectTitle: Rat Teratology Study

Project No.: 154-160

Quality Assurance insoections of the study and review of the final report
of the above referenced project were conducted according to the standard
operating procedures of the Office of Quality Assurance and according to
the general requirements of the Good Laboratory Practice regulations that
were issued on December 22, 1978, by the Food a'ndDrug Administration for
compliance on and after June 20, 1979. Findings from the inspections and
final report review were'reported to management and to the study director
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Protocol 6/15/83 6/15/83 E. Burroughs

Study 7/6,8,11,12/83 7/15/83 E. Burroughs

Final report 12/6-9/83 12/16/83 P. Runge
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SUMMARY

T-3351, suspended in corn oil at concentrations intended to

deliver 1, 5, or 10 mg/kg/day (Grou.Ps2, 3, and 4, resp.qctively),was

administered by oral intubation to mated female Sprague-Dawley COIDrats

on presumed gestation Days. 6-15. A fourth group (Group 1) of mated

females served as the control group and received the vehicle only.

Two Group 4 females died. Treatment-related clinical

observations noted in Groups 3 and 4 included thinness, hunched

appearances, rough haircoats, alopecia, and anorexia. Food consumed by

Groups 3 and 4 animals was significantly less than -control both during

treatment and throughout gestation. Compared to control body weight

gains, significantly less body weight was. gained by Groups 3 and 4

females throughout gestation. Actual loss of body weight occurred in

Groups 3 and 4 animals once treatment had been initiated. Terminal body

weight minus gravid uterine weight was also significantly decreased in
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Groups 3 and 4. Treatment-related gross'pathology in Group 4 animals

included incidencesof gastrointestinaltract effects.

Statisticalanalysis revealed a positive treatment-relatedtrend

in fetal loss, attributableprimarilyto an increased incidenceof late

resorbing fetuses and dead fetuses in litters from Group 4 dams. Mean

male and female fetal body weights were significantly decreased in

fetuses Groups 3 and 4 litters. Significant increases in external and

visceral anomalies occurred in fetuses from Group 4 dams and included

subcutaneous edema, cleft palate, and cryptorchism. Anomalies were

observed primarily in fetuses from Group 4 dams exhibiting signs of

severe maternal toxicity, i.e., decreased food consumption and weight

loss. Fetal toxicity manifested as increased numbers of late resorbing

fetuses and dead fetuses,*decreased fetal body weights, and delays in

skeletal system ossificationoccurred in litters derived from that group

as well.

The specificityand frequency of these results indicate that

administration of T-3351 to pregnant rats during Days 6-15 of gestation

at a dose of 10 mg/kg results in maternal toxicity,fetotoxicityand an

increased incidence of external and visceral anomalies and skeletal

variants.

T-3351 did not appear to be terato4enic in rats at dose levels

less than or equal to 5 mg/kg.
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INTRODUCTION

This study was designed to evaluate the embryo/fetal toxicity

and teratogenic potential of T-3351 when administered by oral gavage to

pregnant rats during the period of fetal organogenesis. The rats were

placed in breeding on June 27, 1983, and cesarean sections were completed

on July 26, 1983. The study was conducted according to a protocol de-

signed to satisfy existing guidelines of the Food and Drug Administration

as well as Good Laboratory Practice Regulations. This report presents

and discusses the methods and results from the study.

CONTROL AND TEST MATERIALS

The vehicle and control material, Dukels* Corn Oil (Lot No.

80275). a slightly viscous,yellow liquid,was received from the C. F.

Sauer Co., Richmondi Virginia, and was stored at room temperature.

The test material, T-3351, a white powder, was received from the

sponsor on January 5, 1983, and was stored at room temperature. The test

material was assumed to be 100% active compound. Information on the

methods of synthesis, stability, as'well as data on composition, or other

characteristicswhich define the test material, are on file with the

sponsor.
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TEST ANIMALS

Two tyundredsixty (one hundred thirty/sex) sexually mature,

cesarean-derived Sprague-Dawley Crl:CDo (SO)BR rats were received from

Charles River Breeding Laboratories, Inc., Kingston. New York, on June 8,

1983. The rat was selected for use in this study because historic-ally

this species has been used in teratology studies and is required by

appropriate regulatory agencies. The animals were housed individually in

elevated stainless-steel cages and acclimated to laboratory conditions

for 'approximatelythree weeks prior to initiationof the study. During

this time,'two male rats were euthanized due to an unthr*iftyappearance.

Following an -examinationby a staff veterinarianfor health status, one

hundred twenty eight rats/sex were placed in breeding.

The rats were housed one male and one female per cage during

breeding. Following confirmation of mating, the females were uniquely

identified by ear tags and individuallyhoused in elevated stainless-

steel cages. Food (Purina Rodent Laboratory Chow* 5001) and tap water

(via an automatic watering system) were available ad libitum. The mean

room temperature + the standard deviation was 72.90F + 1.36 and the

mean relative humidity ± the standard deviation was 69.1% + 3.16 during

the study. A twelve-hour light/darkcycle was maintained.
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METHODS

Mating Period

During the mating period, one female was paired with one male

until mating was confirmed or until two weeks had elapsed. A sufficient

number of mated females, during the course of this study, were obtained

after nine days of cohabitation and mating was discontinued. Daily vag-

inal examinations of each female were performed to detect the presence

and viability of sperm or the presence of a copulatory plug. The day of

observation of sperm or copulatory plug was designated as "Day 04 of

gestation.

Groups and Dosage Levels

Upon confirmation of mating, each female was assigned to one of

the following groups by use of a table of random numbers (Cochran and

Cox, 1957).

Group Number of Females Bose
a

mg/kg/day

1 25 0
2 25 1
3 25 5
4 25 10

a
Based on individual animal body weights at each weighing interval
during the dosing period. Animals were dosed on Days 6 through 15 of
presumed gestation.

All males and all remaining females were sacrificed via carbon

dioxide asphyxiation and discarded without necropsy once a sufficient

number of matings were confirmed.
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Compound Preparation and Administration

Suspensions of the test material in the corn oil vehicle were

prepared on a weight per volume basis. The required amount of compound

for each level was weighed on an electronic Arbor 126 balance and trans-

ferred to a 7 ml tissue grinder. Approximately 3 ml of corn oil was

added and the test material was ground into a fine suspension. ' This

suspension was transferred to a precalibrated beaker and any remaining

compound in the tissue grinder was rinsed into the beaker. Additional

corn oil was added to the suspension to produce the desired concentration

and the suspension was mixed on.a magnetic stirrer. Prepared suspensions

were mixed with a magnetic stirrer during dosing.

Females were given the appropriate dosing suspension or vehicle

by oral intubation on a daily basis beginning on Day 6 and continuing

through Day 15 of presumed gestation. The dose administered to each

female was based on the most recently recorded individual body weight.

The test material was administered orally because of the relative ease

and accuracy of dosing.

Fresh dosing suspensions were prepared weekly and stored under

refrigeration (approximately 40
0
F). Samples of each test mixture as

well as the vehicle were sent to the sponsor for analysis.

Maternal Observations and Records

All animals were examined twice daily for mortality and moribun-

dity (from day of receipt through animal sacrifice) and once daily for

clinical signs of toxicity and pharmacologic effects (throughout gesta-

tion). Individual body weights were recorded -at,-initia:tionand on Days
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6. B. 12, 16, and 20 of presumed gestation. Food consumption during

gestation was determined on Days 6, 8. 12, 16, and*20.

Cesarean Sacrifice

A gross necropsy was performed on all females found dead or

terminally sacrificed. The uterus and ovaries from found dead females

were removed and examined for the number of implantation sites and

corpora lutea. Prior to terminal sacrifice and cesarean section on Day

20 of gestation, all surviving females were assigned, random n.umbersso

that all personnel performing cesarean sections and/or subsequent

external, visceral, or skeletal examinations of the fetuses were unaware

of the dose level from which the animals were derived.

On Day 20 of gestation, all surviving females were weighed and

sacrificed by carbon dioxide asphyxiation. The uterus from each female

was excised, weighed, and examined for the number and placement of

uterine implantation sites, number of live and d@ad fetuses, number of

early and late resorbing fetuses, and any abnormalities. The uterus was

not reweighed after the contents were removed. The ovaries were examined

for the number of corpora lutea. Each female was examined grossly for

any abnormalities.

Each fetus was sexed, weighed, examined externally, and tagged

for identification. Beginning at the ovarian end of the left uterine

horn and continuing past the cervix into the right uterine horn, the'

first available fetus was fixed in Bouin's solution for visceral evalua-

tion. The next two fetuses were processed for skeletal evaluation. This
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process was repeated until all available.fetuses were selected for

evaluation. Dead fetuses were discarded without examination.

Visceral Examination of Fetuses

Approximatelyone-third of all live fetuses from each litter was

fixed in Bouin's solution.and sectioned by the Wilson Technique for

assessing soft tissue development (Wilson and Warkany, 1965). During

visceral examination of the fetuses, particularattention was paid to

examination of the eyes, palate, and brain. Stainless-steel razor blades

were used for sectioning procedures.

Skeletal Examination of Fetuses

The remaining fetuses were eviscerated and placed in 95% ethyl

alcohol. After proper fixation and dehydration, the skeletons were

macerated and stained in 1% KOH with an alizarin red solution, and

cleared in 30% glycerol (modified Staples and Schnell, 1964). This eval-

uation included examination of the skull, long bones, vertebralcolumn,

rib cage, extremities, and pectoral and pelvic girdles. -Bonealignment

and degree of ossification were assessed.

Tissue Preservation

The following are the procedures for preservation of the various

tissues: (1) The uterus and ovaries of each animal were preserved in 10%

neutral buffered formalin; (2) The fetuses examined by Wilson's technique

were placed in tissue capsules, preserved in 95% ethyl alcohol and sealed

in plastic bags after sectioning;(3) Fetuses stained for skeletal



HAZ LLt0 NLASOF;ATOF;IES AMERICA,INC.
.........

154-160

9

examination were preserved in plastic-bags containing a glycerol:ethyl

alcohol (1:1) solution with several crystals of thymol to retard

bacterial and mold growth.

Statistical Analyses

Maternal body weight changes (Days 6-8, 6-16, 16-20, and 0-20).

total food consumption (Days 7-8, 7-16, 17-20, and 0-20), gravid uterine

weight, and terminal body weight minus gravid uterine weight data of the

control group were compared statisticallyagainst the data of the

compound-treated groups of the same sex.

Analyses of the above data were performed in the following

order: Levene's test for homogeneity of variance (Levene, 1960; Draper

and Hunter, 1969) was performed and if the variances proved to be homo-

geneous, the data were analyzed by one-way classificationanalysis of

variance (ANOVA) (Winer, 1971). If the variance proved to be hetero-

geneous, a series of transformations was performed until variance homo-

geneity was achieved. These transformations were loglo, square
(X2),

square root (X1/2), reciprocal (I/X),angular (arcsine X1/2), and

rank, in that order. If rank transformationwas ineffective in removing

variance heterogeneity, ANOVA of ranked data was completed. If ANOVA of

untransformed or transformed data was significant, Dunnett's t-test

(Ounnett, 1955 and 1964) was used for control vs. compound-treated group

mean comparisons. If ANOVA was not significant, the analysis was complete.

Data transformations are designated throughout this report as

presented on the following page.
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A = Data analyzed following loglo transformation.

B = Data analyzed following square (X2) transformation.

C = Data analyzed following square root (XI/2) transformation.

D = Data analyzed followingreciprocal(I/X) transformation.

E = Data analyzed following angular (arcsine XI/2)
transformation.

F = Data analyzed following rank transformation.

Mean fetal body weights per litter were statisticallyanalyzed

as follows: Bartlett's test 'forhomogeneityof variances (Bartlett,

1937) was performed by one-way class'ificationof covariahce (ANCOVA)

(Winer, 1971). I-fANCOVA was significant, control vs. treatment group

comparisons were analyzed using the Games and Howell modification of the

Tukey-Kramer honestly significant difference test (Games and Howell,

1976).

Tests for homogeneity of variances, ANOVA, and ANCOVA were

evaluated at the 5.0% one:-tailed probability level. Control vs.

compound-treated group mean comparisons of the above data were evaluated

at the 5.0% two-tailed probabilitylevel.

In addition to the above data, percent fetal viability,percent

fetal loss (dead and resorbing fetuses),percent early, late, and total-

resorptions, and the number of dead fetuses were analyzed by

nonparametric one-way ANOVA (Kruskal and Wallis, 1952, 1953; Miller,

1966) and the Terpstra-Jonckheeretest for trend (Terpstra, 1952;

Jonckheere, 1954). The 11tter was used as the experimental unit. The

teratology data listed on the next page were analyzed using the
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Cochran-Armitagetest for linear trend in proportions (Cochran, 1954;

Armitage, 1955; Fleiss, 1981) and Fisher's mexact"test (Fisher,1950).

Visceral Anomalies Skeletal Variants

Subcutaneous edema Skull
Cleft palate Pectoral girdle
Cryptorchism Rib cage
Number of litters affected Vertebral column
Number of fetuses affected Pelvic girdle

Limbs
Bone alignment
Number of litters affected
Number of fetuses affected

If a significanttrend was noted, the results of Fisher's Nexact" test

were evaluated at the one-tailed, 5% level. If a significanttrend was

not observed, or if there was a significanttrend with severedeparture

from it, the results of Fisher's lexactltest were evaluatedat the two-

tai'led.5% level. When using these statisticaltests on indices,the

actual proportions prior to conversion to percentageswere the data that

were analyzed.

Statistical referencesare appended to this report, and statis-

tically significant differences,as indicated by the aforementioned

tests, are designated throughout this report by the term OsignificantN

and/or as follows:

S+ = Significantlyhigher than the control value.

S- = Significantlylower than the control value.

Specimen, Raw Data, and Final Report Storage

All specimens, raw data, and the final report.are stored in the

archives of Hazleton Laboratories America, Inc.
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RESULTS MATERNAL-DATA

Mortality and Clinical Observations

Individual clinical observationsare presented in Appendix 1. A

summary of clinical observations is presented in Table 1.

Two Group 4 females were found dead on Day 17 prior to cesarean

section on Day 20 of gestation. No other animals were found dead or

sacrificed in extremis during the study.

Treatment-related clinical observationswere noted in several of

the Groups 3 and 4 animals during the treatment and posttreatment phases.

These observations included hunched and thin appearances, anorexia,

bloody discharge from vagina, urine stains, alopecia. rough haircoat and

bloody crust.

Body Weights and Food Consumption

Individual and mean body.weights and body weight changes are

presented in Appendix 2 and Table 2, respectively. Individual and mean

food consumption values are presented in Appendix 3 and Table 3,

respectively.

Statistical analysis revealeda significantlylower than control

mean body weight gain in the Groups 3 and 4 females for Days 6-8, 6-16,

and 0-20 of presumed gestation. These findings were considered to be

treatment related since, compared to the treatment _phase, there was a

proportionally greater than control increase in mean body weight gain in

the treated females during the posttreatment phase (Days 16-20).
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Mean total food consumption was significantly lower in the Group

4 females during Days 17-20. Significant decreases in mean food

consumption were also noted in the Groups 3 and 4 females during Days

7-16 and 0-20 of presumed gestation when compared to control, concomitant

with the decrease in body weight gain during the same intervals.

Uterine Weights

Individual and mean terminal body weights, gravid uterine

weights, and terminal body weights minus gravid uterine weights are

presented in Appendix 4 and Table 4. respectively.

The mean gravid uterine weight of the Group 4 females wa-s sig-

nificantly lower than control. The mean terminal body weights minus the

gravid uterine weights were lower in the treated groups when compared to

the control group, with significant decreases noted in the Groups 3 and 4

females.

Gross Pathology

A summary of maternal gross pathology findings is presented in

Table 5.

An increased incidence of stomach lesions was noted in the Group

4 animals. Remaining gross pathology findings were considered incidental.
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RESULTS CESAREAN DATA

Individual and mean ovarian and uterine data are presented in

Appendix 5. Individualand mean litter data are presented in Appendix 6.

Individual visceral and skeletal findings in fetuses are presented in

Appendices 7 and 8, respectively. Summary ovarian and uterine data are

presented in Table 6. Summary litter data are presented in Table 7.

Summaries of the external, visceral, and skeletal findings are presented

in Tables 8 through 14.

Pregnancy Rates, Corpora Lutea, and Uterine Implantations

Pregnancy rates, number of corpora lutea, and implantation

efficiencieswere comparable for all groups.

Fetal Viability, Weight, and Sex

The mean incidence of early resorptions was comparable between

the control and treated groups. Nonparametric analyses of the mean

incidence of late resorptions, total resorptions, number of dead fetuses,

and fetal loss did not indicate statistical significance. However, there

was a significant linear trend towards an increased*incidence in these

data with respect to control. The primary trend component was

contributed by the high-dose group. The mean fetal weights of the Groups

3 and 4 males and females were significantlylower than their respective

controls. The percent of male fetuses was 5@.29%,.54.24%, and 60.38% for

Groups 2, 3. and 4, respectively,and 44.01% for the control group.
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Fetal Development

Statisticallysignificantfindingsin the teratologydata are

presentedin the followingchart:

StatisticallySignificantTeratologyData

Teratology Departure
Observation Group: -2 3 4 Trend from Trend

Visceral anomalies

'Subcutaneous edema S+ s s
Cleft palate S+ t s
Cryptorchi sm S+ s NS

Number of litters affected S+ s NS
Number of fetuses affected S+ s s

Skeletal variants

Skull S+ S+ s s

Pectoral girdle S+ s s
Rib cage S+ S+. s s
Vertebral column S+ s s
Pelvic girdle s- S+ s s
Limbs S+ s s
Bone alignment S+ s NS
Number of litters affected s NS
Number of fetuses affected S+ s s

S = Significant
NS - Not significant
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Significant treatment-related increases in the incidences of

visceral*anomalies and skeletal variants were noted in the Group 4

fetuses.

The number of Group 4 litters containing anomalous fetuses was

also significantly increased compared to control. External and visceral

anomalies observed included cleft palate, subcutaneous edema, and

cryptorchism. Those anomalies occurred primarily in fetuses derived from

litters whose mean male or female pup body weights were significantly

below those of the corresponding control litters. Dams producing

affected litters had significantlydecreased food consumption throughout

treatment and decreased body weight gain or actual body weight loss

during gestation. Numerous clinical signs of toxicity were also present

in these animals.



Table I
Summary of Maternal Clinical Observationsa

Rat Teratology Study of T-3351

Pretreatment Treatment
Days 0-5 Days 6-15

Group: 1 2 3 4 1 2 3 4
Observation Dose Level (mg/kg): 6- I- 5- 10 o- - -5 10

Number of females examined 25 25 25 25 25 25 25 25
Number of females appearing normal 25 25 25 25 21 21 16 11
Number of femd4es found dead or
sacrificedprior to Day 20 0 0 0 0 0 0 0 0

Hunched 2 7
Thin 1 1 7
Anorexia I
Ataxia
Sensitive to touch I
Soft feces I
Bloody discharge from vagina
Urine stains I
Alopecia 3 3 5 9
Rough haircoat 6 6
Bloody crust
Small eye
Swollen neck

anumerals indicate the number of animals with that particularfinding.



Table 2
Mean Maternal Body Weights and Body Weight Changes

Rat Teratology Study of T-3351

Body Weig t Day(s) Group 1 Group 2 Group 3
0 mg/kg I mg/kg 5 mg/kg-

Mean Weight (g) 0 270.08 271.03 263.25
N: 24 23 23

6 298.47 296.05 292.60
N: 24 23 23

8 301.39 298.04 288.22
N: 24 23 23 *

12 318.31 308.18 290.09
N: 24 23 23

16 338.53 329.20 305.34
N: 24 23 23

20 395.41 389.69 367.11
N: 24 23 23

Mean Change (9) 0-6 28.38 25.03 29.54
6-8. 2.93 1.99 -4.58S-
6-12 19.84 12.13 -2.70
6-16F 40.06 33.15 12.54S-
6-20 96.95 93.64 74.32

16-20F 56.88 60.45 61.77
0-20F 125.33 118.67 103.86S-

N: Indicates the sample size on which the mean calculationswere based. Only pregnant female
calculations.



Table 3
Mean Maternal Food Consumption(-g)

Rat Teratology Study of T-3351

Interval Group I Group 2 Group 3 G
Days 0 mg/kg 1 mg/kg 5 mg/kg 1

0-6 132.67 128.01 134.92 1
N: 24 23 23

7-8 37.48 35.03 31.53
N: 24 23 22

9-12 74.58 68.38 59.58
N: 24 23 20

13-16 78.52 68.45 57.89
N: 24 23 20

17-20F 97'.25 97.17 87.87
N: 24 23 19

7-16B 190.58 171.85 147.9]S-
N: 24 23 19

0-20B 420.49 397.03 363.14S- 2
N: 24 23 18

N:'Indicates the sample size on which the mean calculationswere based. Only pregnant females
calculations. Invalid food consumption values were not included in mean calculations.



Table 4
Mean Terminal Body Weights, Gravid Uterine Weights. and Terminal Body Weight

Minus Gravid Uterine Weights
Rat Teratology Study of T-3351

Termina
Group and Terminal Gravid

B
Weight

Dose Level Body Weight Uterine Weight Gravid Uteri

1 395.41 74.35 321.(
0 mg/kg M: 24 24 24

2 389.69 75.59 314.1
1 mg/kg M: 23 23 23

3 367.11 73.46 293.

5 mg/kg M: 23 22a 22a

4 301.91 60.51S- 241.0
10 mg/kg M: 20 20 20

athe gravid uterine weight of one Group 3 female was inadvertentlynot recorded.
N: Indicates the sample size on which the mean calculationswere based. Only pregnant femal

calculations.



Table 5
Summary of Maternal Gross Pathology Findings

Rat Teratology Study of T-3351

Group: 1 2
Organ and Description Dose Level (mg/kg): 0 1

Number of animals examined 25 25
Number with no gross pathology 22 24

THYMUS
Firm I
Enlarged 1

LUNG
Focal areas - dark red

HEART
Right atrium-enlarged

SPLEEN
Enlarged
Cystic

KIDNEY(S)
Enlarged
I-rregularlythaped
Pale
Pelvis dilatpd
Constricted across midline
.Mottled tan and dark red
Pelvis had a firm,white calculus

ABDOMEN
Tissue mass

Findings in animals found dead during the study.



Table 5 - Continued
Summary of Maternal Gross Pathology Findings

Rat Teratology Study of T-3351

Group: 2
Organ and Desgriplion Dose Level (mg/kg): 0 1

STOMACH
Glandular mucosa - pitted areas

- reddened
- depressed area - red

Nonglandular mucosa - raisedarea - dark (thinsectionin wall)
- pinpoint, depressed areas
- walls thin
- thickened area red
- dark foci

Distended with dark red material
Contained yellow mucous
Walls thickened
Walls thin

PEYERIS PATCHES
Enlarged/prominent I

MANDIBULAR LYMPH NODES
Reddened

ALL LYMPH NODES
Enlarged

URINARY BLADDER
Walls thickened
Containedthick white fluid

OVARY(IES)
Clear fluid-filledcyst

Findings in animals found dead during the study.
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Key to Tables 6-14

Pregnancy-rate (percent) - (number of pregnant rats/numberof rats mated)
x 100.

Surviva-IRate (i)ercent)- (number of rats surviving to Day 20/number of rats
placed on study at initiation)x 100.

Mean Implantation Efficiency (percent) - Group mean of ([implantations per
litter/corporalutea per litter]
x 100).

Mean Incidence of Resorptions (percent)a - Group mean of (Cresorptions per
litter/implantationsper litter]
x 100).

Mean Incidence of Fetal Mortality (percent) Group mean o; ([dead and re-
sorbing fetuses per litter/
implantationsper litter] x
100).

Mea n Incidenceof Fetal Viability(percent) G roup mean of ([live fetuses
per litter/implantationsper
litter]x 100).

Mean Incidence of External Variants (percent) Group mean of ([number of
fetuses per litter with
external variants/number of
fetuses per litter examined
externally]x 100).

Mean Incidence of External Anomalies (percent) Group mean of ([number of
fetuses per litter with
external anomalies/number of
fetuses per litter examined
externally]x 100).

Mean Incidence of Visceral Variants (percent) Group mean of ([number of
fetuses per litter with
visceral variants/number of
fetuses per litter examined
viscerally]x 100).

avalues calculated separately for early, late, and total resorptions.
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Key to Tables 6-14 Continued

Mean Incidenceof Visceral Anomalies (percent) Group mean of ([number of
fetuses per litter with
visceral anomalies/number of
fetuses per. litter examined
viscerally]x 100).

Mean Incidence of SkeletalVariants(percent) Group mean 'of ([number of
fetuses per litter with
skeletal vdriants/number of
fetuses per litter examined
skeletally]x 100).

Mean Incidence of Skeletal Anomalies (percent) Group mean of ([number of'
fetuses per litter with
skeletal anomalies/number of
fetuses per litter examined
skeletally]x 100).



Table 6
Summary of Mean Ovarian and Uterine Data

Rat Teratology Study of T-3351

Group: I
Dose Level (mg/kg): 0

Number of females with mating confirmed 25
Number of pregnant females 24
Pregnancy rate (%) 96
Number of females surviving to Day 20 25
Survivalrate (%) 100

Mean number of:
Corpora lutea 16.6
Implantations 14.5
Early resorptions 1.0
Late resorptions 0.0
Total resorptions 1.0

Indices calculatedQn a per litterbasis:
Mean implantationefficiency (%) 87.90
Mean incidenceof early resorptions 7.00
Mean incidenceof late resorptions 0.00
Kean incidenceof total resorptions 7.00

aone late resorption was noted for female No. 27086, therefore, the actual mean was 0.04.



Table 7
Summary of Mean Litter Dataa

Rat Teratology Study of T-3351

Group: 1 2
Dose Level (mg/kg): 0 1

Mean number of:
Fetuses - aead 0.0 0.0

- live 13.5 13.6

Indices calculdtedon a per litterbasis:
Mean incidedte.offetal mortality(%)c 7.00 5.53
Mean incidenceof fetal viability(%) 93.00 94.47
Mean percent males 44.01 52.29

Live fetuses
Mean body weight.(g)d

Males - unadjusted mean 3.28 3.23
- covariance adjusted mean 3.28 3.23

Females - unadjusted mean 3.17 3.10
- covariance adjusted mean 3.16 3.10

asex. percent males, and mean body weight data include values for live fetuses only.
bone dead fetus was noted for female No. 27101, therefore. the actual mean was 0.04.
cpercent mortality includes resorptionsas well as dead fetuses.
dstatistical analysis performed on covariance adjusted means.



Table 8
,Summary of External Findings
Rat Teratology Study of T-3351

Group: 1 2
Dose Level (mg/kg): 0 1

Number of fetuses examined 325 313
Number of fetuseswithin normal limits 325 313
Number of fetuseswith variants 0 0
Number of fetuses with anomalies 0 0

Number and type of anomalies 0 0
Skin - edematous
Palate cleft



Table 9
Summary of Visceral Findings
Rat Teratology Study of T-3351

Group: 1 2
Bose Level (mg/kg): 0 1

Number of fetuses examined 115 113
Number of fetuses within normal limits 111 105
Number of fetuses with variants 4 a
Number of fetuses with anomalies 0 1

Number and type of variants 4 10
Brain - cerebral hemisphere contained dark area I
Eye(s) - containeddark-material
Liver - dark areas
Kidney(s)- pelvisdilated 4
Ureter(s)- distended 3 5

- undulated I

Number and type of anomalies 0 1
Skin 7 edematous I
Palate- cleft
Cryptorchism

atwelve fetuses with edematous skin seen externallywere confirmed at visceral examination.
bfour fetuses with cleft palate seen externallywere confirmedat visceral examination.



Table 10
Summary of Skeletal Findings
Rat Teratology Study of T-3351

Group: 1 2
Dose'Level (mg/kg): 0 1

Number of fetuses examined 210 200
Number of fetuses within normal limits 134 113
Number of fetuses with variants 76 87
Number of fetuses with anomalies 0 0

Number and type of variants 150 193
Lagging ossification
Skull - incomplete closure (<75%) 6 15

- interparietalossifjcationincomplete/nonossified 30 40
- parietalsossificationirregular 1 14
- supraoccipitalossificationincomplete/nonossified 23 31
- supraoccipital nonfused I
- hyoid ossification incomplete/nonossified 22 46

Pectoral girdle - scapula ossificationincomplete
Rib cage - sternebraebipartite I

- sternebrae I and 2 fused I
- sternebrae<3 ossified 5 1
- ribs <13 ossifieda I
- ribs >13 ossified(cervicalregion)
- ribs 13th pair smalia 4
- ribsossificationirregular 1 2

Vertebral column - sacral arches nonossified 2
- thoraciccentra ossificationincomplete/nonossified le 20
- thoracic centra nonfused 10 12
- caudals <3 ossified 13 5

Pelvic girdle - pubis ossificationincomplete/nonossified 8
--ischium nonossified I

Forelimbs - <3 ossified I
Hindlimbs - <4 ossified 2 1

Bone Alignment
Ribs - angulated 1 4
Sternebrae - checkered

apossible preparationdamage at time of evisceration.



Table 11
Incidenceof External Findings Per Litter

Rat Teratology Study of T-3351

Group: 1 2
Dose Level (mg/kg): 0 1

Number of litters examined 24 23
Number of litterswithin normallimits 24 23
Number and percentof litterswith variants 0/0.00 0/0.00
Number and percentof litterswith anomalies 0/0.00 0/0.00

Numher and percent of litterswith anomalies
Skin - edematous
Palate cleft



Table 12
Incidenceof Visceral FindingsPer Litter

Rat Teratology Study of T-3351

Group: 1 2
Dose Leve.1(mg/kg): 0 1

Number of litters examined 24 23
Number of litterswithin normal limits 2D 16
Number and percent of litterswith variants 4/16.67 7/30.43
Number and percent of litterswith anomalies 0/0.00 1/4.35

Number and percent with variants
Brain - cerebral hemisphere contained dark area 1/4.17
Eye(s) - containeddark material
Liver - dark areas
Kidn

-
ey(s) - pelvisdilated 4/17.39

Ureter(s)- distended 3/12.50 5/21.74
- undulated 1/4.35

Number and percent with anomalies
Skin - edematous 1/4.35
Palate- cleft
Cryptorchism



Table 13
Incidenceof SkeletalFindingsPer Litter

Rat Teratology Study of T-3351

Group: 1 2
Dose Level (mg/kg): 0 1

Number of litters examined 24 - 23 2
Number of litterswithin normal limits 1 0
Number and percent of litters with variants 23/95.83 23/100.00 19/8
Number and percent of litters with anomalies 0/0.00 0/0.00 0/

Number and percent with variants
Lagging ossification
Skull - incomplete closure (<75%) 4/16.67 5/21.74 6/2

- interparietalossificationincomplete 15/62.50 11/47.83 8/3
- parietalsossificationirregular 1/4.17 4/17.39 1/
- supraoccipitalossificationincomplete 12/50.00 12/52.17 10/4
- supraoccipital nonfused 1/4.17
- hyoid ossificationincomplete/nonossified 10/41.67 16/69.57 9/3

Pectoral girdle - scapula ossificationincomplete
Rib cage - sternebraebipartite 1/4.35 4/1

- sternebrae I and 2 fused 1/4.17
- sternebrae<3 ossified 3/12.50 1/4.35 2/
ribs <13 ossifieda 1/4.35
ribs >13 ossified(cervicalregion) I/
ribs 13th pair smalla 1/4.17
ribs 'ossificationirregular 1/4.17 1/4.35 1/

Vertebral column - sacral arches nonossified 2/8.33 1/
- thoraticcentra ossificationincomplete/

nonossified 9/37.50 16/69.57 11/4
- thoracic centra nonfused 6/25.00 7/30.43 2/
- caudals <3 ossified 6/25.00 4/17.39 5/21

Pelvic girdle - pubis ossificationincomplete/nonossified 4/16.67 1/4
- ischium nonossified 1/4.17 114

Forelimbs - <3 ossified 1/4.17 1/4
Hindlimbs - <4 ossified 2/8.33 1/4.35 2/8

Bone alignment
Ribs - angulated 1/4.17 2/8.70 2/8
Sternebrae - checkered

.,@,-.i-Atinndamave at tirneof pitirrara+ip-



Table 14
Mean Incidenceof External,Visceral,and Skeletal Findings Per Litter

Rat Teratology study of T-3351

Group: 1 2
Dose Level (mg/kg): 0 1

External

Mean values calculatedon a per litter basis:
Number with variants 0.0 0.0
Number with anomalies 0.0 0.0
Incidence of variants 0.0 0.0
Incidence of anomalies 0.0 0.0

Visceral

Mean values calculatedon a per litter basis:
Number with variants 0.2 0.3
Number with anomalies 0.0 0.0.
Incidence of variants 4,0 7.0
Incidence of anomalies 0.0 0.7

Skeletal

Mean values"calculatedon a per litter basis:
Number with variants 3.2 3.8

.Number with anomalies 0.0 0.0
@Incidence of variants 36.3 44.6
Incidence of anomalies 0.0 .0.0
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IndividualClinical Signsa
Rat Teratology-Study of T-3351

Maternal
Number Group Observation Body Area Day(s)

27032 1 Alopecia Paw-fore-right 15-17
27034 1 Urine stains 18-20

Bloody crust Nose 20
Swollen Neck 9-20

27042 1 Alopecia Paws-fore-both 8-20
27046 1 Alopecia Paws-fore-both 10-11
27049 1 Alopecia Abdomen 18-20

Alopecia Paw-fore-right 19-20
27057 2 Alopecia Paw-fore-left 15

Alopecia Paw-fore-both 16-20
27059 2 Alopecia Hip-right 10-14

Alopecia Leg-hind-right 15-20
Alopecia Side-right .10-20

-27062 2 Thin 6
27063 2 Alopecia Paw-fore-right 17-20
27065 2 Alopecia Paw-fore-right 17-20
27066 2 Alopecia Abdomen 15-20
27082 3 Alopecia Hips-both 15-20
27083 3 Alopecia Hip-right 14-20
27084 3 Hunched 15-19

Thin 10, 15-19
Alopecia Leg-fore-right 10-14
Alopecia Leg-hind-right 10-12,14
Rough haircoat 10-12

27085 3 Rough haircoat 7-12
27090 3 Rough haircoat 9-11
27091 3 Alopecia Paws-fore-both 14-20

Rough haircoat B-11,13
27095 3 Hunched. 8-9,11

Rough haircoat 10-12,19-20
27099 3 Alopecia Hips-both 13-20

Alopecia Legs-hind-both 16-20
27100 3 Hunched 16-17,20

Thin
'

16,20
Anorexia 16,20
Urine stains 18-20
Rough haircoat 16,20
Bloody crust Eyelids-both '20
Bloody crust Mouth 20
Bloody crust Nose 20
Bloody crust Paws-fore-both 20

27101 3 Rough haircoat 8-9
Small Eye-left 15-20

aanimals not included in this table appeared normal throughout the study.
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Appendix 1 - Continued
IndividualClinical Signsa

Rat Teratology Study of T-3351

Maternal
Number Group Observation Body Area Day(s)

27107 4 Hunched 18-20
Thin 13-17
Rough haircoat 13-20

27109 4 Hunched 9-12,14-20
Thin 10-20
Anorexia 16,18-20
Sensitive to touch 10-14,16-18,20
Alopecia Hips-both 11-20
Alopecia Hip-left 10
Rough haircoat 13-20
Bloody crust Mouth 20
Bloody crust Nose 20

27111 4 Alopecia Abdomen 10-20
Alopecia Hips-both 10-20

27112 4 Hunched 18-20
Thin 15-20
Anorexia 17-20
Urine stains 19-20
Rough haircoat 16-20
Bloody crust Mouth 20
Bloody crust Nose 20

27113 4 Hunched 20
Thin 12,20
Anorexia 12,17-18,20
Urine stains 14-18,20
Alopecia Abdomen 11-19
Alopecia Hips-both 9-18
Alopecia Hip-left 8,19-20
Alopecia Neck 8-18
Rough haircoat 15-20
Bloody crust Mouth 16-2'0
Bloody crust Nose 16-20
Bloody crust Paws-fore-both 16-20
Bloody crust vagina 18-19

27114 4 Hunched 13-20
Thin 12,20
Anorexia 17-20
Rough haircoat 18-19

27115 4 Alopecia Sides-both 8-13
Alopecia. Side-right 14-20

27116 4 Alopecia Paw-fore-left 19-20
27117 4 Hunched 14-20

Thin 17,19-20
Anorexia 16-20*

a
Animals not included in this table appeared normal throughout the study.
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Appendix I - Continued
Individual Clinical Signsa

Rat Teratology Study of T-3351

Maternal
Number Group Observation Body Area. Da-v(s)

27117 4 Urine stains 16-20
Rough haircoat 9-20
Bloody crust Genitals 20
Bloody crust Mouth 16-20
Bloody crust Nose 18-20
Bloody crust Paws-fore-both 16-20

27118 4 Hunched 16-20
Thin 16-17,19-20
Anorexia 19
Rough haircoat 16-18

27119 4 Hunched 12-20
Thin 16-20
Anorexia 16-18,20
Ataxia 18-20
Soft feces 8-10
Bloody discharge Vagina 19-20
Urine stains 18-20
Alopecia Hip-left 11
Alopecia Hip-right 12-20
Alopecia Inguinal-right 13-18
Alopecia Side-right 15-20
Rough haircoat 20

27120 4 Hunched 16
Thin 16
Anorexia 16
Bloody discharge Vagina 16
Rough haircoat 16
Found dead 17

27121 4 Hunched 7-9,11-17
Thin 7-16
Rough haircoat 7-11

27122 4 Hunched 16-17
27123 4 Alopecia Abdomen 10-20

Alopecia Hip-right 12-20
Alopecia Leg-hind-right 20
Alopecia Side-right 18-20

27125 a Hunched 16-20
Thin 16,18-20
Anorexia 16-17.20
Alopecia Abdomen 15-20
Rough haircoat 8-9
Bloody crust Paws-fore-both 19-20

aanimals not included in this table appeared normal throughout the study.
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Appendix 1 - Continued
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IndividualClinicalSignsa
Rat Teratology Study of T-3351

Maternal
Number Group Observation Body Area Day(s)

27126 4 Hunched
18,20

Thin 19
Anorexia 16-17,20
Alopecia Hip-left 17-2027127 4 Hunched 16
Thin 16
Bloody discharge Vagina 16
Rough haircoat 16
Found dead 1727128 4 Hunched 14-20
Thin 14-20
Anorexia 17-18,20
Alopecia Oaw-fore-right 15-17
Rough haircoat 18-2027129 4 Hunched 14-20
Thin 16-20
Anorexia- 16
Urine stains 19
Rough haircoat 16-20
Bloody crust Paws-fore-both 16

aanimals not included in this table appeared normal throughout the study.
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Key to Appendices 2, 3,'and 4

P - Pregnant

NP - Not Pregnant

C - Cesarean Section Performed (preceded by day of gestation)

0 - Death (preceded by day of gestation)

MS - Moribund Sacrifice (preceded by day of gestation)

ND - Natural Delivery (preceded by day of gestation)

- Data excluded from mean calculation.

Explanation of Footnotes

a
Only data from pregnant animals 'surviving to Day 20 cesarean
section were used in mean calculations.

b
Invalid food consumption value not included in mean calculations.

c
Gavid uterine weight inadvertently not recorded.



Appendix2
Individualand Mean MaternalBody Weightsand Body WeightChangesa

Rat TeratologyStudyof T-3351
Group 1 0 mg/kg

0 v eight g Body Weiaht ChanaeMaternal Dav of Gestation' Days
NumbeL_ Disposition 0 6 8 12 16 20 0-6 6-8 -6-12 6-16F -6-2

21030 P. 20-C 217.3 303.8 306.B 340.3 3SO.6 422.5 26.5 3.0 36.5 54.B lie
27031 P. 20-C 261.9 288.B 284.4 314.1 329.2 386.2 26.9 -4.4 25.3 40.4 99
27032 P. 20-C 24S.7 202.0 292.1 311.S 338.6 404.3 36.3 10.1 3S.S S6.6 122
21033 P. 20-C 2S6.S 274.3 21S.S 299.9 314.4 367.8 17.0 1.2 2S.6 40.1 93
27034 P. 20-C 2SO.] 263.4 2S9.0 281.1 300.9 341.4 13.3 -4.4 17.7 37.5 ?B
21035 P. 20-C 312.7 3S].S 351.0 362.4 353.6 446.6 38.8 -O.S 10.9 2.1 gs
27036 P. 20-C 248.7 279.5 283.3 312.2 340.2 409.0 30.8 3.8 33.4 60.7 12921037 NP. 20-C (266.4) (260.6) (278.7) (212.8) (279.2) (287.1) (-5.6) (17.9) (12.0) (10.4) (26.
21038 P. 20-C 2S3.8 283.4 284.7 296.4 309.1 373.1 29.6 1.3 13.0 2S.7 es
27039 P. 20-C 291.2 321.4 330.6 343.5 36S.I. 427.1 30.2 9.2 22.1 43.7 105.27040 P. 20-C 241.6 273.0 212.0 289.2 310.9 340.8 32.2 -1.8 IS.4 37.1 75.27041 P. 20-C 241.1 277.3 281.2 293.S 319.9 374.1 36.2 3.9 16.2 42.6 96.27042 P. 20-C 259.8 286.6 .294.7 307.2 333.2 361.9 26.8 8.1 20.6 46.6 95.27043 P. 20-C 281.1 310.9 318.1 334.8 34S.6 366.2 23.8 7.2 23.9 34.7 51.
27044 P. 20-C 218.7 297.4 297.9 302.5 336.S 390.8 18.7 O.S S.1 39.1 93.
27045 P. 20-C 218.0 316.0 312.9 328.4 342.8 381.8 38.0 -3.1 12.4 26.8 65.27046 P. 20-C 269.8 293.6 224.1 313.2 336.0 384.S 23.8 0.5 19.6 42.4 90.
21041 P. 20-C 294.0 323.6 320.1 314.S 311.3 371.1 29.6 -3.S -2.1 -6.3 47.
21048 P. 20-C 298.5 327.7 330.S 3S2.0 370.8 430.8 29.2 2.8 24.3 Si.1 Ill.27049 P. 20-C 270.1 310.1 327.1 343.1 376.1 441.0 40.0 17.0 33.0 66.0 136.
21050 P. 20-C 260.5 28S.3 293.6 316.8' 334.3 392.S 24.8 6.3 31.S 49.0 107.
21051 P. 20-C 216.0 306.6 301.2 321.4 34S.4 399.4 30.6 0.6 14.8 36.6 92.
27052 P. 20-C 2?S.2 299.0 306.6 327.1 3S6.8 422.2 23.8 7.6 28.1 51.8 123.
21053 P. 20-C 280.8 306.0 303.6 294.2 329.6 396.2 2S.2 -2.4 -11.8 23.6 90.21OS4 P. 20-C 272.9 301.2 306.4 333.4 351.8 412.6 28.3 5.2 32.2 SO.6 Ill.

k 24 24 24 24 24 24 24 - 24 24 24 24Kean 270.8 298.47 301.39 316.31 336.53 39S.41 28.38 2.93 19.64 40.06 96.S.O. 18-790 20.S80 21.463 21.071 20.479 28.666 6.658 S.364 12.SBS 16.908 21.



Appendix 2 - Continued
Individual and Mean Maternal Body Weights and Body Weight Changesa

Rat Teratology Study of 1-3351
Group 2 1 mg/kg

Body Weight (g) Body Weight Change (g)
Maternal Day of Gestation - Days
Number-- LIU-OIULON 0 6 - -8 12 16 20 0-6 -6-8 -6-12 b-16@- 6-20

210$S P. 20-C 268.7 290.8 294.2 310.5 329.2 381.3 22.1 3.4 19.1 38.4 90.5
21OS6 P. 20-C 294.4 318.8 323.2 343.3 360.2 429.0 24.4 4.4 24.5 41.4 110.2
21051 P. 20-C 262.2 286.5 282.8 295.7 301.7 372.2 24.3 -3.1 9.2 15.2 85.7
27068 P. 20-C 282.2 3)2.0 300.S 327.1 344.7 401.1 -11.6 15.1 32.1 09.1
21OS9 P. 20-C 261.8 304.9 302.4 312.6 324.8 388.4 37.1 -2.5 1.7 19.9 83.5
21060 Np. 20-C (2S3.4) (272.7) (212.1) (289.S) (269.3) (272.1) (19.3) (0.0) (16.6) (-3.4) (-0.6)
21061 P. 20-C 210.1 301.0 296.4 303.2 319.8 379.4 30.9 -4.6 2.2 18.8 70.4
21062 P. 20-C 261.0 228.1 271.8 290.7 307.7 356.8 -38.9 43.7 62.6 19.6 128.7
21063 P. 20-C 267.9 298.0 294.7 225.1 317.3 378.1 30.1 -3.3 -2.9 19.3 80.7
21064 P. 20-C 261.8 296.0 301.8 314.7 325.3 388.7 34.2 S.8 18.7 29.3 92.7
2106S P. 20-C 259.8 299.4 294.0 302.8 329.0 397.8 39.6 -5.4 3.4 29.6 98.4
21066 P. 20-C 219.1 296.2 304.7 304.7 323.8 362.4 17.1 8.5 6.5 27.6 66.2
21061 P. 20-C 275.5 307.7 304.S 305.8 336.6 385.5 32.2 -3.2 -1.9 20.9 11.0
21068 P, 20-C 271.8 202.0 219.8 298.2 320.1 386.8 10.2 -2.2 16.2 38.1 104.8
21069 P. 20-C 283.0 3)4.4 317.6 329.3 355.7 413.7 31:4 3.2 14.9 41.3 99.3
21010 P. 20-C 263.6 209.4 299.7 292.4 329.6 397.6 2@.8 10.3 3.0 40.2 108.2
21011 P. 20-C 26S.6 291.9 293.7 295.5 300.2 311.6 26.3 1.8 3.6 8.3 85.9
21012 P. 20-C 286.2 310.4 316.6 311.1 338.9 413.3 24.2 6.2 0.7 28.5 )02.9
21073 P. 20-C 275.6 301.6 290.1 306.7 334.3 407.8 26.0 -10.9 5.1 32.7 106.2
21014 P. 20-C 278.4 324.3 324.8 350.4 380.5 436.3 4S.9 0.5 '26.1 S6.2 112.0
21015 P. 20-C 265.1 280.3 292.0 302.4 324.4 372.3 22.6 3.7 14.1 36.1 84.0
21076 P. 20-C 259.5 290.7 285.9 294.6 316.1 370.6 31.2 -4.8 3.9 25.4 80.1
.21011 P. 20-C 262.8 293.6 292.S 304.S 328.6 388.4 30.8 -1.1 '10.9 35.0 94.8
21078 P. 20-C 264.9 283.2 290.6 296.8 323.2 276.8 18.3 1.4 13.6 40.0 93.6
21019 UP. 20-C (2SB.S) (281.7) (21S.7) (215.5) (214.S) (273.1) (23.2) (-6.0) (-6.2) (-7.2) (-8.6)

N 23 23 23 23 23 23 23 23 23 23 23
mean 271.03 296.05 298.04 308.18 329.20 389.69 25.03 1.99 12.13 33.15 93.64
S.C. 9.26S 18.650 13.221 15.771 18.312 20.073 ls.egs 10.774 )3.617 14.547 14.i64



Appendix 2 - Continued
Individual and Mean Maternal Body Weights and Body Weight Changesa

Rat Teratology Study of T-3351
Group 3 5 mg/kg

Body Weiaht (a) Body W*ight Chanue (a)Maternal Day of gestation Davs
-Number Disposition 0 - 6 a 12 16 20 - -0-6 6-8 6-12 6-16F 6-20

27080 P. 20-C 211.9 309.2 305.7 310.1 343.9 425.3 31.3 -3.5 0.9 34.7 116.1210BI P. 20-C 267.1 291.4 266.9 289.2 299.9 355.0 24.3 -4.5 -2.2 8.5 63.621082 P. 20-C 256.1 285.0 273.2 279.5 28S.2 3S2.7 28.9 -11.8 -5.5 0.2 67.727063 P. 20-C 272.9 301.1 300.1 306.6 306.0 361.1 28.2 -1.0 5.5 4.9 60.027094 NP. 20-C (258.7) (300.9) (276.1) (2B6.3) (246.5) (279.4) (42.2) (-24.6) (-14.6) (-54.4) (-21.5)27085 P. 20-C 271.1 295.2 284.7 307.1 329.1 382.6 10.1 -10.5 11.9 33.9 87.421086 P. 20-C 261.3 286.3 282.7 296.2 312.2 372.1 25.0 -3.6 9.9 25.2 85.827061 P. 20-C 214.0 305.9 294.1 304.9 316.0 415.7 31.8 -11.1 -0.9 12.2 109.927088 P. 20-C 229.6 251.5 2S].l 263.7 269.9 342.9 21.9 -0.4 12.2 10.4 91.427089 P. 20-C 261.6 293.4 285.4 298.2 317.1 314.7 31.8 -8.0 4.B 23.1 Bi.327090 P. 20-C 224.7 243.2 24S.8 242.7 255.1 308.6 18.5 2.6 -0.5 11.9 65.421091 P. 20-C 2S2.6 287.0 260.5 275.3 302.8 360.9 34.4 -6.5 -11.7 IS.B 73.927092 P. 20-C 276.0 309.1 302.2 290.6 316.9 391.3 33.1 -6.9 -18.S 7.8 B2.227093 P. 20-C 265.5 297.3 206.9 291.6 312.3 373.2 31.0 -10.4 -5.7 15.0 75.927094 P. 20-C 251.7 281.2 289.4 299.6 312.2 372.0 29.5 6.2 18.4 31.0 90.82709S P. 20-C 276.7 305.1 297.7 300.1 336.2 410.4 28.4 -7.4 -s.0 31.1 105.327096 P. 20-C 210.6 301.2 298.7 216.9 278.3 358.6 30.6 -2.5 -22.3 -22.9 57.421097 P. 20-C 290.0 319.7 320.5 314.7 335.6 398.7 2B.9 0.0 -5.0 16.1 79.021098 P. 20-C 213.0 299.8 292.0 293.6 313.4 311.5 26.6 -7.0 -6.2 13.6 71.727099 P. 20-C 2S9.1 290.0 273.1 287.4 302.7 366.1 30.9 -16.9 -2.6 12.7 76.121100 P, 20-C 282.8 320.2 310.5 225.4 269.9 254.1 37.4 -9.7 -24.8 -50.4 -66.127101 P. 20-C 216.5 294.0 293.3 280.3 305.1 357.0 17.S -0.7 -13.7 11.1 63.027102 P. 20-C 260.4 280.0 281.7 289.9 308.9 369.0 19.6 1.7 9.9 28.9 89.027103 P. 20-C 216.8 287.6 292.8 216.5 292.0 310.1 70.8 5.2 -11.1 4.4 82.527104 NP. 20-C (212.7)(202.9) (214.9)(251.1) (253.7) (275.4) (10.2) (-B.0) (-31.8) (-29.2) (-7.5)

N 23 23 23 23 23 23 23 23 23 23 23
hean.. 263.25 292.80 288.22 290.09 305.34 367.11 29.54 -4.SBS- -2.70 12.54S- 74.32S.O. 18.525 18.070 16.876 16.252 22.346 3S.036 10.523 6.103 11.235 16.834 34.272



Appendix 2 Continued
Individual and Mean Maternal Body Weights.and Body Weight Changesa

Rat Teratology Study of 1-3351
Group 4 - 10 mg/kg

godv Welaht (a Body Weight Change (g)Maternal Day of Gestation - n.ys
Number Disposition 0 6 8 -'12 16 20 0-b 6-8 6-12 6-16F 6-20

2710S P. 20-C 219.5 303.4 293.2 286.8 281.4 364.1 23.9 -10.2 -16.6 -22.0 61.321106 P. 70-C 274.2 310.1 302.2 301.S 322.1 318.4 35.8 -8.S -3.2 12.0 61.721107 P. 20-C 239.1 25S.2 255.3 226.0 212.1 271.7 16.1 0.1 -21.2 -42.5 16.521108 po 20-C 28S.4 315.6 312.0 299.1 291.7 371.2 30.2 -3.6 -15.9 -23.9 61.627109 P. 20-C 273.2 301.8 267.7 250.3 230.3 209.3 28.6 -14.1 -si.s -71.5 -92.521110 P. 20-C 2S4.7 293.1 219.3 213.3 261.4 325.9 38.4 -13.8 -19.8 -31.7 32.821111 P. 20:-C 269.9 300.4 301.1 305.9 302.8 386.7 30.S 0.7 5.5 9.4 86.321112 P. 20-C 251.7 281.3 281.0 214.1 238.2 ?22.6 29.6 -0.3 -6.6 -43.1 -58.521113 P. 20-C 294.6 334.6 318.1 274.5 254.1 235.3 40.0 -16.S -60.1 -80.5 -99.3.21114 P. 20-C 267.0 318.2 313.0 282.1 254.4 240.5 31.2 -S.2 -36.1 -63.8 -77.721115 P. 20-C 242.9 274.3 211.1 263.1 26S.6 351.6 31.4 -3.2 -11.2 -8.1 77.321116 P. 20-C 241.8 215.6 278.7 214.7 210.3 340.0 33.6 3.1 -0.9 -5.3 64.421117 P. 20-C 303.0 339.4 339.1 289.8 211.4 247.2 36.4' -0.3 -49.6 -68.0 -92.221118 UP. 20-C (272.6) (273.3) (27S.3) (256.5) (224.9) (206.6) (0.7) (2.0) (-16.8) (-48.4) (-@6.1)21119 P. 20-C 255.6 286.4 279.3 244.3 221.8 180.7 30.8 -1.1 -42.1 -64.6 -IOS.?21120 P. 11-0 29S.4 326.3 329.7 292.4 271.0 - 30.9 3.4 -33.9 -55.3 -
21121 P. 20-C 264.4 281.4 269.3 268.4 26S.2 349.6 17.0 -12.1 -13.0 -16.2 68.221122 P. 20-C 253.4 275.6 277.7 270.4 26S.S 331.3 22.2 2*.l -5.2 -10.1 55.721123 P. 20-C 310.8 332.5 338.2 319.2 335.4 414.9 21.7 5.1 -13.3 2.9 82.421124 P. 20-C 264.3 283.2 292.5 218.9 296.7 366.8 16.9 9.3 - -4.3 13.5 83.621125 P. 20-@c 251.8 277.0 275.9 248.9 223.2 211.4 25.2 -1.1 -28.1 -53.8 -65.621126 P. 20-C. 211.2 290.5 286.2 270.0 243.9 232.2 19.3 -4.3 -20.S -46.6 -58.327121 P. 17-0 259.9 293.4 280.2 274.5 245.9 - 33.5 -13.2 -18.9 -41.5 -
21128 UP. 20-C (263.6) (286.2) (283.9) (270.1)(225.1)(189.1) (22.6) (-2.3) (-16.1) (-61.1) (-96.5)21129 UP. 20-C. (297.0) (299.5) (293.5) (259.4)(234.6)(256.8) (2.5) (-6.0) (-40.1) (-64.9) (-42.1)

u 22 22 22 22 22 20 22 22 22 22 20
Mean 269.30 297.72 293.63 276.25 265.12 301.91 28.43 -4.OSS- -21.48 -32.60S- 5.40

20.329 22.698 22.916 21.762 32.153 73.253 6.951. 7.IIS 11.769 29.333 15.133
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Appendix 3
154-160

Individual and Mean Food Consumptiona
Rat Teratology Study of T-3351

Group I - 0 mg/kg

Maternal Food-Consumption (a)
Number- Interval(Davs of Gestation) -

0-6 7-8 9-12 -13-16 17-20
F

7-16
8

27030 140.9 42.8 92.5 87.1 101.7 222.4 465.027031 130.0 33.1 73.2 71.3 91.1 177.6 398.727032 140.6 45.5 86.1 82.2 106.4 213.8 460.827033 123.7 32.0 75.8 80.6 96.6 188.4 408.727034 80.6 18.6 48.8 51.9 67.8 119.3 267.727035 166.0 44.7 69.8 44.8 109.1 159.3 434.427036 139.2 36.2 80.9 86.8 106.4 203.9 449.527037 (113.8) (30.1) (52.2) (55.2) (69.7) (137.5) (321.0)27038 134.9 33.4 75.9 77.9 107.0 187.2 429.127039 145.4 43.3 76.8 91.6 107.8 211.7 464.927040 122.3 31.8 69.7 71.1 84.5 172.6 379.4
27041 129.9 37.2 72.2 73.0 86.5 182.4 398.827042 136.1 42.9 79.5 80.1 95.8 202.5 434.4
27043 142.4 44.6 89.5 81.5 93.0 215.6 451.027044 141.2 34.2 60.6 78.7 99.0 173.5 413.7
27045 146.9 39.1 79.1 69.4 78.4 187.6 412.927046 115.9 37.6 75.8 78.1 95.4 191.5 402.8
27047 123.4 29.7 41.8 82.6 71.8 154.1 349.327048 144.5 42.4 91.7 93.5 113.4 227.6 485.5
27049 149.3 51.3 90.8 97.7 116.4 239.8 505.527050 119.5 36.5 77.6 72.1 92.5 186.2 398.2
27051 132.7 36.6 74.9 74.4 112.2 185.9 430.8
27052 127.1 39.8 81.3 85.5 106.4 206.6 440.127053 125.0 36.2 47.1 97.3 96.7 180..6 402.3
27054 126.5 30.1 78.4 75.2 98.1 183.7 408.3

N 24 24 24 24 24 24 24
Mean 132.67 37.48 74.58 78.52 97.25 190.58 420.49S.D. 15.924 6.812 13.416 12.317 12.693 25.916 47.701
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Append ix 3 - Continued
154-160

Individual and Mean Food Consumptiona
Rat Teratology Study of T-3351

Group 2 - I mg/kg

Maternal Food Consumption (g)
-Number Interval Mays of Gestation) -

0-6 7-8 9-12 13-16

27055 122.0 35.2 63.7 71.0 92.5 169.9 384.427056 136.0 42.1 74.1 69.7 108.9 185.9 430.827057 130.8 35.2 68.0 49.6 88.6 152.8 372.227058 136.5 29.1 70.2 69.0 98.0 168.3 402.827059 141.7 38.2 64.5 71.2 112.1 173.9 427.7
27060 (108.2) (30.2) (67.9) (39.8) (77.9)b (137.9) (324.0)b
27061 131.5 31.6 62.8 66.0 91.3 160.4 383.227062 55.7 38.6 81.8 68.6 70.3 189.0 315.027063 135.6 34.2 61.4 70.9 98.7 166.5 400.827064 143.0 39.1 73.5. 55.3 99.4 167.9 410.3
27065 145.9 34.7 63.1 81.3 116.9 179.1 441.9
27066 99.3 33.6 60.3 63.0 92.1 156.9 348.327067 144.9 35.2 63.6 72.8 88.5 171.6 405.0
27068 111.5 22.7 64.2 59.2 97.7 146.1 355.327069 145.8 40.4 72.6 77.0 94.0 190.0 429.827070 133.0 42.8 61.4 67.6 98.5 171.8 403.327071 119.6 34.9 60.6 41.5 101.4 137.0 358.0
27072 145.4 41.9 62.1 68.2 109.2 172.2 426.827073 105.6 24.4 62.8 100.6 107.1 187.8 400.5
27074 147.3 41.9 93.2 88.8 113.6 223.9 484.827075 127.0 40.7 72.7 68.2 84.3 181.6 392.9
27076 131.2 27.8 87.8 59.0 79.5 174.6 385.327077 126.4 28.1 63.2 70.0 95.9 161.3 383.6
27078 128.5 33.2 65.1 65.8 96.4 164.1 389.0
27079 (156.8) (23.8) (53.4) (56.3) (64.9) (133.5) (355.2)

N 23 23 23 23 23 23 23Mean 128.01 35.03 68.38 68.45 97.17 171.85 391.03
S.D. 20.444 5.735 8.893 12.065 11.147 17.544 35.568
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Appendix 3 - Continued
Individual and Mean Food Consumptiona

Rat Teratology Study of T-3351
Group 3.- 5 mg/kg

Maternal ---Food Consumption (g)
Number- Interval CDays of Gestation)

0-6 7-8_ 9-12 -13-16 17-20
F

7-16
B

-0-20
B

27080 139.2 36.9 60.3 70.0 104.7 167.2 411.1
27081 139.9 34.5 48.3 60.9 82.8 143.7 366.4
27082 138.5 26.3 46.7 38.5 83.1 111.5 333.1
27083 136.1 42.7 64.6 39.5 73.4 146.8 356.3
27084 (141.5) (21.4) (53.2) (11.2) (74.2) (85.8) (301.5)
27085 127.7 23.3 55.7 66.7 80.5 145.7 353.9
27086 113.8 28.3 53.5 59.6 88.0 141.4 343.2
27087 146.0 32.2 (116.4)b 72.5 123.9 (221.1)b(491.0)b
27088 118.1 (156.2)b (86.5)b (88.1)b(109.3)b(330.8)b(558.2)b
27089 134.4 35.0 61.0 61.3 87.8 157.3 379.5
27090 97.9 28.3 46.9 52.3 74.7 127.5 300.1
27091 132.3 26.8 44.6 60.5 85.4 131.9 349.6
27092 147.3 36.2 153.0 67.1 95.0 256.3 498.6
27093 130.5 24.4 51.1 79.8 100.9 155.3 386.7
27094 168.5 40.4 72.5 69.0 96.1 181.9 446.5
27095 120.0 24.9 56.5 55.2 114.6 136.6 371.2
27096 136.2 34.6 (1,19.9)b(160.8)b(100.6)b(315.3)b(552.1)b
27097 145.1 40.9 57.8 53.6 100.9 152.3 398.3
27098 147.3 32.9 75.0 89.4 (135.8)b 197.3 (480.4)b
27099 177.4 26.6 67.0 (110.3)b(108.9)b(203.9)b(490.2)b
27100 141.8 28.9 - 34.2 1.5 0.0 64.6 206.4
27101 118.9 30.1 44.0 65.1 91.9 139.2 350.0
27102 115.4 28.4 56.5 51.9 90.5 136.8 342.7
27103 130.8 31.1 42.4 43.4 95.3 116.9 343.0
27104 (138.8) (24.5) (27.8) (36.9) (64.3) (89.2) (292.3)

N 23 22 20 20 19 19 18
Mean 134.92 31.53 59.58 57.89 87.87 147.91S- 363.14S-
S.D. 17.356 5.567 24.302 18.350 24.771 38.131 59.846
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.
pendix 3 - Continued

154-160

Individual and Mean Food Consumptiona
Rat Teratology Study of T-3351

Group 4 - 10 mg/kg

Maternal Food Consumption (g)
Number Interval (Days of Gestation)

0-6 7-8_ 9-12 -13-16 17-20
F

- 7-16
B

27105 126.5 30.6 41.5 17.9 80.0 90.0 296.5
27106 148.7 40.0 58.6 67.4 99.5 166.0 414.2
27107 110.0 144.4 23.6 54.2 (200.2)b 222.2 (532.4)b
27108 138.3 37.3 40.2 23.0 91.3 100.5 330.1
27109 140.5 31.7 (145.5)b 0.0 2.3 * (177.2)b(320.0)b
27110 143.2 31.3 55.7 35.6 85.0 122.6 350.8
27111 136.7 36.7 48.3 75.1 100.9 160.1 397.7
27112 128.9 33.8 40.1 1.6 0.0 75.5 204.4
27113 150.0 21.2 1.4 0.0 0.0 22.6 172.6
27114 142.9 30.8 21.3 b.o 1.1 52.3 196.1
27115 123.7 29.7 39.2 26.3 90.5 95.2 309.4
27116 117.4 29.0 86.5 57.1 (1'10.0)b172.6 (400.0*)b
27117 164.1 44.5 10.6 0.0 0.0 55.1 219.2
27118 (115.8) (32.5)

.
(57.2) (41.1)b (24.9) (130.8)b(271.5)b

27119 124.6 28.9 15.2 0.2 0.0 44.3 168.9
27120 150.7 42.3 31.5 0.0 - 73.8 -
27121 98.5 24.3 (48,O)b(126.3)b (96.8)b(198.6)b(393.9)b
27122 120.6 33.5 44.3 (164.9)b(152.0)b'(242.7)b(515.3)b
27123 158.2 41.4 (66.2)b 54.5 (119.8)b(162.1)b(440.1)b
27124 137.6 34.5 (129.3)b(196.3)b(117.8)b(360.1)b(615.5)b
27125 115.0 28.1 17.1 0.0 0.0 45.2 160.2
27126 123.5 26.6 39.9 7.5 0.0 74.0 197.5
27127 133.7 27.5 48.4 11.8 - 87.7 -
27128 (122.7) (31.5) (41.1) (20.4)b (0.4) (93.0)b(216.1)b
27129 (113.0) (27.9) (15.7) (0.0).(72.2) (43.6) (228.8)

N 22 22 le 19 14 17 13
Mean 133.33 37.64 36.86 22.75 39.33S- *97.63S- 262.89S-
S.D. 16.209 24.571 20.179 26.380 46.891 54.321 90.464
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Appendix 4
154-160

Individual and Mean Terminal Body Weights, Gravid Uterine
Weights, and Terminal Body Weights Minus Gravid Uterine Weights (g)a

Rat Teratology Study of T-3351.
Group I - 0 mg/kg

Terminal Body
Maternal Terminal Gravid

B Weight Minus
FNumber- Body Weight Uterine Weight Gravid Uterine Weiaht

27030 422.5 90.4 332.1
27031 38B.2 90.9 297.3
27032 404.3 8B.2 316.1
27033 367.8 67.8 300.0
27034 341.4 66.6 274.B
27035 446.6 97.3 349.3
27036 409.0 86.9 322.1
27037 Not Pregnant
2703B 373.1 69.2 303.9
27039 427.1 76.2 350.9
27040 348.8 54.7 294.1
27041 374.1 B2.4 291.7
27042 381.9 80.1 301.8
27043 368.2 30.8 337.4
27044 390.8 80.6 310.2
27045 381.8 52.4 329.4
27046 384.5 72.3 312.2
27047 371.1 .64

'
.5 306.6

27048 438.B 74.0 364.B
27049 447.0 B4.1 362.9
27050 392.5 74.8 317.7
27051 399.4 60.3 339.1
27052 422.2 B3.1 339.1
27053 396.2 74.6 321.6
27054 412.6 B2.1 330.5

N 24 24 24
Mean 395.41 74.35 321.07
S.O. 28.666 14.704 23.215
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Appendix 4 - Continued
154-160

Individual and Mean Terminal Body Weights, Gravid Uterine
Weights, and Terminal Body Weights Minus Gravid Uterine Weights (g)a

Rat Teratology Study of T-3351
Group 2 - I mg/kg

Terminal BodyMaternal Terminal Gravid
B Weight Minus

FNumber. Body Weight Uterine Weight Gravid Uterine Weiqht

27055 381.3 72.5 308.827056 429.0 88.5 340.527057 372.2 73.3 298.927058 401.1 86.5 314.627059 388.4 69.1 319.327060 Not Pregnant
27061 379.4 69.2 310.227062 356.8 64.0 292.827063 378.7 67.4 311.327064 388.7 74.6 314.127065 397.8 80.0 317.827066 362.4 37.9 324.527067 385.5 76.1 309.427068 386.8 80.4 306.427069 413.7 83.7 330.0
27070 397.6 90.0 307.627071 377.8 77.8 300.027072 413.3 85.3 328.0
27073 407.8 84.7 323.1
27074 436.3 84.8 351.5
27075 372.3 77.3 295.027076 370.8 60.7 310.1
27077 388.4 83.2 305.227078 376.8 71.6 305.2
27079 Not Pregnant

N 23 23 23Mean 389.69 75.59 314.10S.D. 20.073 11.458 14.093
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154-160

Appendix 4 - Continued
Individual and Mean Terminal Body Weights, Gravid Uterine

Weights, and Terminal Body Weights Minus Gravid Uterine Weights (g)a
Rat Teratology Study of T-3351

Group 3 - 5 mg/kg

Terminal Body
Maternal Terminal Gravid

B
Weight Minus

Number Body Weight Uterine Weight Gravid Uterine Weight

27080 425.3 103.9 321.4
27081 355.0 72.2 282.8
27082 352.7 72.4 280.3
27083 361.1 68.5 292.6
27084 Not Pregnant
27085 382.6 89.8 292.8
27086 372.1 79.4 292.7
27087 415.7 76.6 339.1
27088 342.9 73.5 269.4
27089 374.7 71.2 303.5
27090 308.6 61.6 247.0
27091 360.9 75.3 285.6
27092 391.3 88.0 303.3
27093c- 373.2 - -

2.7094 372.0 71.2 300.B
27095 410.4 87.1 323.3
27096 358.6 65.4 293.2
27097 398.7 65.2 333.5
27098 371.5 68.0 303.5
27099 366.1 61.6 304.5
27100 254.1 48.2 205.9
27101 357.0 73.9 283.1
27102 369.0 72.9 296.1
27103 370.1 70.2 299.9
27104 Not Pregnant

N 23 22 22
Mean 367.11 73.46 293.38S-
S.D. 35.036 11.486 28.235
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Appendix 4 - Continued
Individual and Mean Terminal Body Weights, Gravid Uterine

Weights, and Terminal Body Weights Minus Gravid Uterine Weights (g)a
Rat Teratology Study of T-3351

Group 4 - 10 mg/kg

Terminal Body
Maternal Terminal Gravid

B Weight Minus F
Number Body Weight Uterine Weight Gravid Uterine Weight

21105 364.7 82.3 2B2.4
27106 378.4 58.9 319.5
27107 271.7 54.6 217.1
27108 377.2 79.8 297.4
27109 209.3 72.2 137.1
27110 325.9 64.4 261.5
27111 386.7 86.5 300.2
27112 222.8 40.8 182.0
27113 235.3 43.3 192.0
27114 240.5 42.3 198.2
27115 351.6 82.4 269.2
27116 340.0 55.4 284.6
27117 247.2 38.5 20B.7
27118 Not Pregnant
27119 180.7 32.4 148.3
27120 Found Dead
27121 349.6 71.7 277.9
27122 331.3 66.0 265.3
27123 414.9 79.4 335.5
27124 366.8 76.0 290.8
27125 211.4 @39.7 171.7
27126 232.2 43.6 188.6
27127 Found Dead
27128 Not Pregnant
27129 Not Pregnant

N 20 20 20
Mean 301.91 60.51S- 241.40S-
S.D. 73.253 17.739 59.517



Appendix 5
Individual and Mean Ovarian and Uterine Data

Rat leratology Study of T-3351
Group I - 0 mg/kg

Maternal Ovarian Uterlne Implantation Early I Early Late Late TotNumber Corporl Lutea loplaftt&tions LttltltKM_M Lesorptions Resorptions Resorptions Resorptions Posorp

27030 is is 100.0 0 0.0 0 0.0 027031 11 11 100.0 1 5.9 0 0.0 127032 19 Is 78.9 1 6.7 0 0.0 127033 19 is 70.9 3 20.0 0 0.0 327034 16 Is 93.8 1 6.7 0 0.0 127035 20 le 90.0 1 5.6 0 0.0 127036 14 14 100.0 0 0.0 0 0.0 027031 Not Pregnant
27038 16 14 81.5 2 14.3 0 0.0 227039 19 11 89.S 4 23.5 0 0.0 421040 16 13 81.3 1 7.7' 0 .0.0 127041 is Is 100.0 0 0.0 0 0.0 021042 17 Is 88.2 1 6.7 0 0.0 121043 14 7 50.0 2 28.6 0 0.0 227044 is 16 se.9 1 6.3 0 0.0 127045 19 10 52.6 0 0.0 0 0.0 027046 13 13 100.0 0 0.0 0 0.0 027047 12 12 100.0 1 8.3 0 0.0 127048 is is 100.0 1 6.7 0 0.0 127049 19 le 94.7 1 5.6 0 0.0 1270SO .17 14 82.4 0 0.0 0 0.0 027051 16 13 81.3 2 15.4 0 - 0.0 227052 16 is 93.9 0 0.0 0 0.0 027OS3 is is 83.3 0 0.0 0 0.0 027054 le 17 94.4 0 0.0 0 0.0 0

Total 399 348 23 0 23u 24 24 24 24 24 24 24 24Kean 16.6 14.S 07.90 1.0 7.00 0.0 0.00 1.0S.
0

2.12 2.45 13.472 1.04 8.024 - - 1.0
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Appendix 5 - Continued
Individual and Mean Ovarian and Uterine Data

Rat Teratology Study of T-3351
Group-4 - 10 mg/kg

Maternal Ovarian Uterine Implantation Early Early Late Late TotNumber I!WJARLSA 1-1O-ORRS, Efficiency 1%) ttiqrgti-ons Resorptions tnailli-oni ResorDtions amom
21105 17 15 86.2 0 0.0 0 0.0 021106 11 11 64.7 1 9.1 0 0.0 127101 14 13 92.2 3 23.1 0 0.0 327108 17 16 94.1 1 6.3 0 0.0 121109 is 11 94.4 1 5.9 is 88.2 1627110 21 14 66.7 0 0.0 0 0.0 027111 11 16 94.1 1 6.3 0 0.0 127112 14 13 92.9 1 7.7 0 0.0 127113 is is 100.0 2 13.3 1 6.7 327114 Is 15 83.3 2 13.3 0 0.0 227])S 16 15 93.8 0 0.0 0 0.0 027116 14 12 85.7 1 8.3 0 0.0 127111 22 14 63.6 0 0.0 1 7.1 127118 Not Pregnant
27119 is 13 86.7 13 100.0 0 0.0 13271204 11 16 94.1
21121 is is 100.0 0 0.0 0 0.0 027122 Is is 100.0 3 20.0 0 0.0 327123 Is is 83.3 0 0.0 0 0.0 021124 16 16 100.0 1 6.3 0 0.0 121125 16 13 $1.3 0 0.0 0 0.0 027126 is is 93.3 1 6.7 0 0.0 1271214 is 13 86.727128 Not Pregnant
27129 Not Pregnant

Total 365 317 31 17. 40N 22 22 22 20 20 20 20 20mean 16.6 14.4 07.72 1.6 11.32 0.2 S.10 2.4S.D. 2.09 1.50 10.255 2.86 21.929 3.34 19.674 4.2

4FOwW dead on ky 17. therefore. fetal data not available.



Appendix 6
Individualand Mean LitterDatea
gat TeratologyStudy of T-3351

Group I - 0 mg/kg

Number of Fetuses
Maternal Total Fetal Sax PercentNumber Resorptions Dead LqtL-Mb Live Live M_alts Fe -KgLIes

27030 0 0 0.0 is 100.0 7 46.721031 1 0 5.9 16 94.1 a 6 50.027032 1 0 6.7 14 93.3 7 7 50.027033 3 0 20.0 12 80.0 7 5 50.327034 1 0 6.7 14 93.3 5 9 35.727035 1 0 5.6 17 94.4 12 5 70.627036 0 0 0.0 14 100.0 7 7 50.027031 Not Pregnant
27038 2 0 14.3 12 OS.7 5 7 41.727039 4 0 23.6 13 76.5 6 7 46.227040 1 0 7.7 12 92.3 7 5 58.327041 0 0 0.0 Is 100.0 4 11 26.727042 1 0 6.7 14 23.3 4 10 28.627043 2 0 28.6 5 71.4 1 4 20.021044 1 0 6.3 is 23.8 12 3 00.02704S 0 0 0.0 10 100.0 3 7 30.027046 0 0.0 13 100.0 5 8 38.527047 0 8.3 11 91.7 5 6 45.527048 0 6.7 14 23.3 6 8 42.927049 0 5.6 17 24.4 9 a S2.927050 0 0 0.0 14 100.0 6 a 42.2270S] 2 0 15.4 11 $4.6 s 6 45.527052 0 0 0.0 is 100.0 7 a 46.727053 0 0. 0.0 is 100.0 2 13 13.3270S4 0 0 0.0 17 100.0 6 11 35.3

Total 23 0 325 146 179N 24 24 24 24 24 24 24 24Unadjusted Mean 1.0 0.0 7.00 13.5 93.00 6.1 ?.S 44.01Unadjusted S.D. 1.04 - 8.024 2.64 8.024 2.59 2.30 14.828Covartance
Adjusted Mean

Covariance
Adjusted S.D.

Sex. percentules. and mean weightdata Includevaluesfor live fetusesonly.
6 Percentfetal loss includesresorptionsas well as dead fetuses.
C Statisticalanalysisperformedan covarianceadjustedmeans.



Appendix6 - Continued
Individualand Mean LitterDataa
Rat TeratologyStudyof T-3351

Group 2 - I mg/kg

Number of fetusesMaternal Total Fetal Sex-Cumber R-elq[RUO-ns 9!@a-d Loss (%)b Live Live I-Lafe-s---F e-m-&T-
Percent -M___el -Hales Ma

27055 1 0 7.1 92.3 4 66 7 327056 1 0 6.3 93.8 1 53'3 327051 0 0 0.0 13 100.0 9 4 69'2 327058 1 0 6.1 14 93.3 a 6 57*1 3.21059 2 0 14.3 12 85.1 5 1 41*1 321060 Not Pregfiant
27061 0 0 0.0 11 100.0 7 4 63.6 327062 0 0 0.0 13 100.0 a 5 61.S 227063 1 0 1.1 12 92.3 3 9 25.0 327064 1 0 6.1 14 93.3 6 a 42.9 327065 0 0 O.o 16 100.0 a 8 $0.0 2.27066 1 0 14.3 6 OS.7 2 4 33.3 3.21067 2 0 12.5 14 87.5 s 9 3S.7 2.21068 1 '0 6.3 is 93.8 7 8 46.7 3.21069 2 0 11.8 is 88.2 10 5 66.7 3.27070 0 0 0.0 16 100.0 )5 1 93.8 3.27071 0. 0 0.0 14 100.0 7 7 SO.0 3.27012 1 0 S.6 17 .94.4 9 a S2.9 2.27073 0 0 0.0 16 100.0 6 1027074 37.S 2.1 0 6.3 is 93.8 s 10 33.3 3.27015 0 6.7 14 93.3 e 6 57.1 3.27076 1 0 7.7 12 10 2 83.327071 0 0 0.0 13 100.0 5 38.S

3.
21018 3.
27079 Not

I
Pregnant

0 6.1 14 93.3 6 42.9 3.

Total Is 0 313 165 148N 23 23 23 23 23 23 23 23 23UnadjustedMean 0.8 0.0 S.S3 13.6 94.48 7.2 6.4 52.29 3.Unadjusteds.o. 0.61 - 4.SN 2.27 4.802 2.66 2.4S 16.688 0.Covarionce
Adjusted Haan

Covariance 3.
AdjustedS.D.

0.0

a Sex. percentmales.and meanweightdata Includevaluesfor livefetusesonly.
b Percentfetal lossincludesresorptionsas wellas dead fetuses.
c Statisticalanalysisperformedon covarianceadjustedmeans.



Appendix 6 - Continued
Individualand Mean LitterData&
Rat TeratologyStudy of T-3351

Group 3 - 5 mg/kg

Number of fetuses
Maternal Total Fetal Sex Percent
Number. Resorptions Dead Loss Live Live Eg]-et Females Males

27000 0 0 0.0 16 100.0 a a 50.0
21081 0 0 0.0 13 100.0 0 5 61.5
21062 1 0 7.1 13 92.9 a 5 61.5
27083 2 0 14.3 12 85.7 3 9 25.0
21084 Not Pregnant
27085 0 0 0.0 17 100.0 5 12 29.4
21086 1 0 6.7 14 93.3 7 1 50.0
21081 0 0 0.0 Is 100.0 11 4 73.3
21086 1 0 1.1 13 92.9 6 7 46.2
27089 1 0 7.7 12 92.3 9 3 75.0
21090 0 0 0.0 12 100.0 0 4 66.7
27091 0 0 0.0 is 100.0 9 6 60.0
2.7092 1 0 5.9 1& 94.1 12 4 75.0
21093 1 0 7.1 13 92.9 2 4 69.2
27094 0 0 o.6 13 100.0 1 6 53.6
27095 1 0 5.9 16 94.1 8 8 50.0
27096 3 0 18.8 13 81.3 6 7 46.2
27097 2 0 13.3 13 86.7 7 6 63.6
27098 2 0 14.3 12 85.7 6 6 50.0
27099 0 0 0.0 12 100.0 6 6 50.0
27100 0 0 0.0 16 100.0 10 6 62.5
27101 1 1 13.3 13 86.7 5 a 38.5
21102 0 0 0.0 14 100.0 6 a 42.9
27103 0 0 0.0 14 100.0 a 6 57.1
27104 Not Pregnant

Total 17 1 317 172 145
N 23 23 23 23 23 23 23 23
Unadjusted Mean 0.7 0.0 5.28 13.8 24.72 7.5 6.3 64.24
Unadjusted S.D. 0.86 0.21 6.028 1.57 6.018 '2.04 2.01 13.293
Covarionce
Adjusted Mean

Covariance
Adjusted S.D.

Sex. perciat males.and mean weightdata Includevaluesfor livefetusesonly.
Percentfetal loss 1-icludesresorptionsas well as dead fetuses.

c Stattsticalanalysisperforme.don covarianceadjustedmans.



Appendix 6 - Continued
individualand Kean LitterData&
Rat TeratologyStudy of T-3351

Group 4 - 10 mg/kg

Number of Fetuses
Maternal Total Fetal Sex Percent
Number Resorptions Dead Loss Live Live M4]es Female Males

27105 0 0 o.0 is 100.0 10 5 66.7

27106 1 0 9.1 10 90.9 6 4 60.0

27101 3 0 23.1 10 16.9 4 6 40.0

27106 1 0 6.3 15 93.0 9 6 60.0

27109 16 1 100.0 0 0.0
27110 0 0 0.0 14 100.0 a 6 S7.1

27111 1 0 6.3 Is 93.8 7 8 46.7
27112 1 0 7.7 12 92.3 10 2 03.3

21113 3 6 60.0 6 40.0 4 2 66.7
27114 2 0 13.3 13 86.7 6 7 46.2

27115 0 0 0.0 is 100.0 9 6 60.0

21116 1 0 8.3 11 21.7 a 3 72.7

27117 1 2 21.4 ]I 78.6 8 3 72.7

27118 Not Pregnant
27119 13 0 100.0 0 0.0
27120 Found Dead
27121 0 0 0.0 is 100.0 9 6 60.0

27122 3 0 20.0 12 80.0 6 6 50.0

27123 0 0 0.0 is )00.0 10 5 66.7

27124 1 0 b.3 is 93.9 9 6 60.0

27126 0 0 0.0 13 100.0 7 6 53.8

27126 1 0 6.7 14 93.3 9 5 64.3

27127 found Dead
27126 Not Pregnant
27129 Not Pregnant

lot&) 48 9 231 139 92
N 20 20 20 20 120 Is le 18
Unadjusted Kean 2.4 0.5 12.43 11.6 80.52 7.7 5.1 60.38.

'Unadjusted S.O. 4.28 1.39 30.771 4.61 30.601 1.90 1.68 10.655

Covariance
Adjusted Kean

Covariance
Adjusted S.D.

a
Sex. percentules. andman weightdata Includevaluesfor live fetusesonly.

b Percentfetal lossincludesresorptionsas well as dead fetuses.
c Statisticalanalysisperforwd on covarianceadjustedmans.



Appendix I
IndividualVi:clralFindingsin Fetuses

Rat Tora o ogy Study of T-3351
Group I - 0 MoAg

2 2 2 2 2 2 2 2
7 7 7 7 7 7 7 7 7
0 0 0 0 0 0 0 0 0

Haternal 3 3 3 3 3 3 3 3 3
Number: 0 1 2 3 4 5 6 7 8

Number of fetuses examined 5 6 5 4 - 5 6 5 NP 4Number of fetuseswithin normal limits 5 6 5 3 5 6 5 4Number of fetuseswith one or more visceralvariants 0 0 0 1 0 0 0 0Percentof f*tuseswith on* or more skeletalvariants 0.00 0.00 0.00 25.00 0.00 0.00 0.00 0.00Identificationletter(s)of fetuseswith:

Brain - cerebral hemispherecontaineddark area I
Eye(s)- containeddark mterial
Liver - dark areas
Kidney(s)- pelvisdilated
Ureter(&)- distended

- undulated

Number of fetuseswith-one or more visceralanomalies 0 0 0 0 0 0 0 0 0Percentof fetuseswith one or more visceral
anowlies (%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0Identificationletter(s)of fetuseswith:.

Skin - edematous
Palate- cleft
Cryptorchism

up Not Pregnant..



Appendix 7 - Continued
IndividualViscera]Findingsin Fetuses

Rat TeratologyStudy of T-3351
Group I - 0 mg/kg

2 2 2 2 2 2 2 2 2
7 7 7 7 7 7 7 7 7
0 0 0 0 0 0 0 0 0

Maternal 4 4 4 4* 4 4 4 5 5Number: 3 5 6 7 a 9 o I

Number of fetuses examined 2 5 4 5 4 5 6 S 4Number of fetuseswithin normal limits 2 4 3 5 3 6 6 6 4Number of fetuseswith one or more visceralvariants 0 1 1 0 1 0 0 0 0Percentof fetuseswith one or more skeletalvariants 0.00 20.00 25.00 0.00 25.00 0.00 0.00 0.00 0.00Identificationletter(s)of fetuseswith:

Brain cerebral hemispherecontaineddark area
Eye(s) containeddark material
Liver - dark areas
Kidney(s)- pelvisdilated
Ur*ter(s)- distended A i K

- undulated

Number of fetuseswith one or more visceralanomalies 0 0 0 0 0 0 0 0 0Percentof fetuseswith one or more visceral
anomalies(%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Identi'ficationletter(s)of fetuseswith:

Skin - edematous
Palate- cleft
Cryptorchiss



Appendix 7 - Continued
IndividualVisceralFindingsIn fetuses

Rat ToratologyStudy of T-3351
Group2 - I mg/kg

2 2 2 2 2 2 2 2 2
7 7 7 7 7 7 7 7 7
0 0 0 0 0 0 0 0 0

Haternal 5 5 5 5 5 6 6 6 6
Number: 5 7 9 0 1 2 3

Number of fetuses examined 4 5 4 5 4 NP 4 8 4Numberof fetuseswithinnorml limits 4 5 4 5 4 4 a 3Numberof fetuseswith on* or more visceralvariants 0 0 0 0 0 0 0 1Percentof fetuseswith one or wre skeletalvariants(%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 25.00Identificationletter(s)of fetuseswith:

Brain - cerebralhmisphere containeddark area
(ye(s)- containeddarkmterial
Liver- dark areas
Kidney(s)- pelvisdilated
Ureter(s)- distended

A- undulated

Nwjber of fetuseswith one or more visceralanomalies 0 0 0 0 0 0 0 0Percentof fetuseswith one or more visceral
anomalies(%)

0.06 o.oo o.oo o.oo o.oo 0.00 0.00 0.00Identificationletter(s)of fetuseswith:

Skin - edmtaus
Palate- cleft
Cryptombism

NP Not Pregnant.



Appendix 7 - Continued
IndividualVisceralFindingsin Fetuses

Rat TerstologyStudy of T-3351
Group 2 - I mg/kg

2 2 2 2 2 2 2 2 2
7 7 7 7 7 1 7 7 7
0 0 0 0 0 0 0 0 0

Maternal 6 - 6 7 7 7 7 7 7 7
Number: 8 9 0 1 2 3 4 6

Number of fetuses examined 5 5 6 5 6 6 s 5 4
Number of fetuseswithin normal limits 5 5 5 5 4 6 4 4 3
Number of fetuseswith one or more visceralvariants 0 0 1 0 2 0 1 1 1
Percentof fetuseswith one or more skeletalvariants 0.00 0.00 16.67 0.00 33.33 0.00 20.00 20.00 25.00 2
Identificationletter(s)of fetuseswith:

Brain - cerebral he@ispherecontained dark area
Eye(s) - containeddarkmaterial
Liver - dark areas
Kidney(s)- pelvisdilated Q A A G
Urater(s)- distendlp A N A 6

- undulatit A

Number of fetuseswith one or mrs visceralanomalies 0 0 0 0 1 0 0 0 0
Percentof fetvs*swith one or more visceral
anomalies(S)

-
0.00 0.00 0.00 0.00 16.67 0.00 .0.00 0.00 0.00

identificationletter(s)Of fetusesWith:

Skin - edematous N
Palate- cleft
Cryptorchism

NP Not Pregnant.



Appendix7 - Continued
'IndividualVisceralFindingsin fetuses

Rat TeratologyStudy of T-3351
Group 3 - 5 mg/kg

2 2 2 2 2 2 2 2 2
7 7 7 7 7 7 7 7 7
0 0 0 0 0 0 0 0 0

Maternal 6 a 8 a a a a a 8
Number: 0 1 2 3 4 5 6 7 9

Number of fetusesexamined 6 5 5 4 NP 6 5 5 5
Number of fetuseswithin nonul limits 4 s 4 4 6 5 5 6Number of fetuseswith one or more visceralvariants 2 0 1 0 0 0 0 0
Percentof fetuseswith one or more skeletalvariants 33.33 0.00 20.00 0.00 0.00 0.00 0.00 0.00 2Identificationletter(s)of fetuseswith:

Brain - cerebral beimispherecontaineddark area
Eye(s)- containeddark mterial
Liver - dark areas

AKidn*y(s)- pelvisdilated 3
Ureter(s)- distended A N

- undulated

Number of fetuseswith one or more visceralanomiles 0 0 0 0 0 0 0 0
Percentof fetuseswith one or more visceral
anomalies(%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Identificationlatter(s)of fetuseswith:

Skin - edematous
palate- cleft
Cryptarchism

MP Not Pregnant.



Appendix 7 - Continued
IndividualVisceral Findings In Fetuses

Rat Teratology Study of T-3351
Group 3 - 5 mg/kg

2 2 2 2 2 2 2
7 7 7 7 7 7 7 7 7 7
0 0 0 0 0 0 0 1 1 1

Maternal 9 9 9 9 9' 9 9 0 0 0
Number: 3 4 5 6 8 9 0 1 2

Number of fetuses examined 5 5 6 5 5 4 4 6 5 5Number of fetuseswithin normal limits 5 5 6 5 5 4 4 4 5 5
Number of fetuseswith one or more visceral variants 0 0 0 0 0 0 0 0 0 0Percent of fetuses with one or more skeletal variants (9) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0Identificationletter(%)of fetuseswith:

Brain - cerebral hemisphere contained dark area
Eye(s) - containeddark material
Liver - dark areas
Kidney(s)- pelvisdilated
Ureter(s)- distended

- undulated

Number of fetuses with one or more visceral anomalies 0 0 0 0 0 0 0 2 0 0
Percent of fetuses with one or more.visceral

Id:nnotimflicia*sti(o%n)letter(s)of fetuses with:
0.00 0.00 0.00 0.00 0.00 0.00 0.00 33.33 0.00 0.0

Skin - edematous APalate - cleft
Cryptorchism AG

NP Not Pregnant.



Appendix 7 - Continued
Individual Visceral Findings in Fetuses

Rat Teratology Study of T-3351
Group 4 10 mg/kg

2 2 2 2 2 2 2 2 2 2
7 7 7 7 7 7 7 7 7 7
I I I I I I I I I I

Maternal 0 0 0 0 0 1 1 1 1 1
Number: 5 6 7 a 9 0 1 2 4

Number of fetuses examined 5 4 4 5 0
a

5 5 4
b

2
c

5
d

Number of fetuses within normal limits 4 4 4 5 5 5 3 0 0
Number of fet-useswith one or more visceral variants 1 0 0 0 0 0 0 0 0
Percent of fetuses with one or more skeletal variants (%) 20.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
Identificationletter(s)of fetuseswith:

Brain - cerebral hemisphere contained dark area
Eye(s) - containeddark material m
Liver - dark areas
Kidney(s)- pelvisdilated
Ureter(s)- distended

- undulated

Number of fetuses with one or more visceral anomalies 0 0 0 0 0 0 1 2 5
Percent of fetuses with one or more visceral-
anomalies (%) 0.00 - 0.00 0.00 0.00 0.00 0.00 25.00 100.00 loo.ot

Identificationletter(s)of fetuseswith:

Skin - edematous BE ADGJN
Palate- cleft A BE JN
Cryptorchism

a
All fetuses resorbed and/or dead.

b
fetus E was noted to have cleft palate during external examination.

c
All fetuses were noted to have edematous skin during external examination. Fetuses 6 and E were confirmed at visceral examination.
noted to have cleft palate during external examination. fetus E was confirmed at visceral examination.

d
fetuses H and N were noted to have edematous skin during external examination. FettfsN was confirmed at visceral examination. Fetu
to have cleft palate during external examination.

e
fetus E was noted to have cleft palate during external examination.

f
All fetuses were noted to have edematous skin duri external examination. Fetuses A. E, 3, and H were confirmed at visceral exami

Inand L were noted to have cleft palate during external examination. Fetuses A and J were confirmed at visceral examination..



Appendix 7 - Continued
IndividualVisceral Findings in Fetuses

Rat Teratology Study of T-3351
Group 4 10 mg/kg

2 2 2 2 2 2 2 2 2 2
7 7 7 7 7 7 7 7
I I I I I I I I

Maternal 1 1 2 2 2 2 2 2 2 2
Number: 8 9 0 1 2 3 4 s 6 7

Number of fetuses examined NP 0a FO 5 - 4 5 5 s
b

5 FDNumber of fetuses within normal limits 4 3 s 5 0 0
Number of fetuseswith one or more visceral variants 0 0 0 0 0 0Percent of fetuses with one or more skeletal variants 0.00 0.00 0.00 0.00 0.00 0.00Identificationlatter(s)of fetuseswith:

Brain - cerebral hemisphere contained dark area
Eye(s) - containeddark material
Liver - dark areas
Kidney(s)- pelvisdilated
Ureter(s)--distended

- undulated

Number of fetuses with one or more visceral anomalies I 1 0 0 5 5
Percent of fetuses with one or more visceral
Anomalies (%) 20.00 2S.00 0.00 0.00 100.00 100.00

Identificationletter(s)of fetuseswith:

Skin - edematous
AD@JM BENKUPalate- cleft E Dim ENNCryptorchiss G BHK

NP - Not Pregnant.
FO - Found Dead.
a
All fetusts resorbed and/or dead.

b
All fetuses were noted to have edematous skin during external examination. Fetuses A. D. G, J. and N were confirmed at visceral i
F. J. and L were noted to have cleft palate during external examination. Fetus 3 was confirmed at visceralexamination.



Appendix a
Individual Skeletal Findings in Fetusesa

Rat Teratology Study of T-3351
6roup I - 0 mg/kg

2 2 2 2 2 2 2 2 2 2
7 7 7 7 7 7 7 7 7 7
0 0 0 0 0 0 0 0 0 0

Maternal 3 3 3 3 3 3 3 3 3 3
Number: 0 1 2 3 4 6 7 a

Number of fetuses examined 10 10 9 a 9 11 9 'NP 8Number of fetuses within normal limits 5 6 6 7 4 a 7 5 8Number of fetuseswith one or more skeletal variants 5 4 3 1 5 3 2 3 0
Percent of fetuses with one or more skeletal variants (%) 50.00 40.00 33.33 12.50 55.56 27.27 22.22 37.50 0.Identificationletter(s)of fetuseswith:

Skull - incomplete closure (<75%)
- tnterparietalossificationincomplete/nonossifted Di i FH L JN- parietalsossificationIrregular
- supraoccipital ossification incomplete/nonossifted i N FK
- supraoccipital nonfused
- hyoid ossification incomplete/nonossified FN 61 Di FIK H B iPectoral girdle - scapula ossification Incomplete

.Rib cage - sternebraobipartite
- vternebrac I and 2 fused
-@sternebrae <3 osstflid EF
- ribs <13 ossiftedb
- ribs >13 ossified(cervicalregion)
- ribs 13th pair smallb CFHI-
ribs ossificationIrregular

Vertebral column - socral arches nonosstfied E
- thoraciccentra ossificationincomplete/

nonossified K B
- thoracic centra nonrused OF
- caudals <3 ossified E

Pelvic girdle - pubis ossificationincomplete/
nonossified FIK

- ischium nonossified F
Foreliabs- <3 ossified
Rtndlimbs - <4 ossified E

lotALigment
Ribs - angulated
Sternebrae - checkered

NP - Not Pregnant.
a There were no skeletal anomalies noted in any fetuses.
b Possible preparation damage at time of evisceration.



Appendix 8 - Continued
IndividualSkeletal Findings in fetusesa

Rat Teratology Study of T-3351
Group I - 0-mg/kg

2 2 2 2 2 2 2 2 2 2'
7 7 7 I. 7 7 7 7 7 7.
0 0 0 0 0 0 0 0 0 0

Maternal 4 4 4 4 4 4 4 5 5 5
Number: 3 4 5 6 1 a 9 0 1 2

Number of fetuses examined 3 10 6 a 7 9 11 9 7 10
Number of fetuseswithin normal limits I a 5 7 3 s 7 a 6 9
Number of fetuseswith one or more skeletal variants 2 2 1 1 4 4 4 1 1 1
Percent of fetuses with one or more skeletal variants 66.67 20.00 16.67 12.SO 57.14 44.44 36.36 11.11 14.29 10.0
Identificationletter(s)of fetuseswith:

Lagaina Ossification
Skull - incomplete closure (<75%) D R

- lnterparietalossificationincomplete/nonossified DE K c L F IL 8

- parietalsossificationirregular
- supraoccipitalossificationincomplete/nonossified D i F I ILR

- supraoccipital nonfused
- hyoid ossification lncoinplete/nonossified

Pectoral girdle - scapula ossificationincomplete
Rib cage - sternebrae bipartite

- sternebrae I and 2 fused
sternebrae <3 ossified R
ribs <13 ossifiedb
ribs >13 ossified (cervicalregion)
ribs 13th pair somilb
ribs ossificationirregular

Vertebral column - sacral arches nonossified
- thoracic centra ossificationincomplete/

nonossified BCFL rii u
-.thoracic centra nonfused F
caudals <3 ossified 0 R

Pelvic girdle - pubis ossificationIncomplete/
nonossifted * 3 R

- 4schium nonossified
Foreliabs - <3 ossified
Hindliabs - <4 ossified R

Done Alignment
Ribs - angulated
Sternebrae - checkered

There were no skeletal anomalies noted in any fetuses.
b Possible preparation damage at time of evisceration.



Appendix 8 - Continued
IndividualSkeletal findings in Fetusesa

Rat Teratology Study of T-3351
Group 2 - I mg/kg

2 2 2 2 2 2 2 2 2 2
7 7 7 7 1 7 7 7 7 7
0 0 0 0 0 0 0 0 0 0

Maternal 5 5 5 5 - 5 6 6 6 6 6
Number: 5 6 7 8 9 0 1 3 4

Number of fetuses examined 8 10 9 9 a NP 7 5 a 9Number of fetuses within normal limits 6 9 7 5 1 2 4 0 6Number of fetuses with one or more skeletal variants 2 1 2 4 7 5 1 8 3Percent of fetuses with one or more skeletal variants (%) 25.00 10.00 22.22 44.44 87.50 71.43 20.00 100.00 33.33Identificationletter(s)of fetuseswith:

taggina Ossification
Skull incomplete closure (<75%) 8 Einterparietalossificationincomplete/nonossified p BEGHJK CEHLM EFKparietalsossificationirregular BEGJK CE

supraoccipitalossificationIncomplete/nonossified p BGHJ BCEFHsupraoccipital nonfused
hyold ossification incompl*te/nonossified m p I BEGHJK SCEFHI

mPectoral girdle - scapula ossificationincomplete
Rib cage - sternebrae bipartite

- sternebrae I and 2 fused
- sternebrae <3 ossified
- ribs <13 ossifiedb
ribs >13 ossified (cervicalregion)
ribs 13th pair smilb
ribs ossificationirregular

CEVertebral column - sa.cralarches nonossified
- thoraciccentra ossificat4onincomplete/

nonossifW I F BFRO K L
- thoracic centra nonfused BCEHK c

-
ciudals <3 ossified 0

Pelvic girdle - pubis ossificationIncomplete/
nonossified

- lschim nonossified
Foreliabs- <3 ossified
Hindliabs - <4 ossified

Done Alignment
Ribs - angulated

i Cc"Sternebrae - checkered

NP Not Pregnant.
a There were no skeletal anomalies noted in any fetuses.
b Possible preparationdamage at time of evisceration.



Appendix 8 - Continued
Individual Skeletal Findings in Fetusesa

Rat Teratology Study of T-3351
Group 2 - I nkg/kg

2 2 2 2 2 2 2 2 2 2
7 7 7 7 7 7 7 7 7 7
0 0 0 0 0 0 0 0 0 0

Maternal fi 6 7 7 7 7 7 7 7 1
Number: 8 9 0 1 2 3 4 5 6 7

Number of fetuses examined 10 10 10 9 11 10 10 9 a a
Number of fetuseswithin norml limits' 8 9 7 7 0 8 a 0 3 6
Number of fetuseswith one or more skeletal variants 2 1 3 2 11 2 2 2 5 2
Percent of fetuses with one or more skeletalvariants (%) 20.00 10.00 30.00 22.22 100.00 20.00 20.00 100.00 62-50 25.0
Identificationletter(s)of fetuseswith:

Lagging Ossification
Skull.- incompleteclosure (<75%) CEFHIK

L
- lnterparietalossification incomplete/nonossifled BECFHX SCEFHJ IL L

LNR LMO
- parietalsossificationirregular CEFIKL
- supraoccipitalossification Incomplete/nonossified H BCEFKL N F FJMO IL L

MR
- supraoccipital nonfused
- hyoid ossification Incomplete/nonossified I SHI H ECEFLO p CFHJLN EIL EL

R
Pectoral girdle - scapula ossificationincomplete
Rib cage sternebraebipartite

sternebrae I and 2 fused
sternebrae <3 ossified R
ribs <13 ossifiedb F
ribs >13 ossified (cervicalregion)
ribs 13th pair umilb
ribs ossificationIrregular

Vertebralcolumn - sacral arches nonossified
- thoracic centra ossificationincomplete/

nonossified 0 c L f H 8
- thoracic centra nonfused I E3
- caudals <3 ossified HR F 0

Pelvicgirdle - pubis ossificationincomplete/
nonossified

- 1schium nonossifted
forellobs- <3 ossified
Hinditabs- <4 ossified R

Done Alionmat
Ribs - angulated
Sternebrae - checkered

NP - Not Pregnant.
a There were no skeletal anomalies noted in any fetuses.
b Possible preparation damage at time of evisceration.



Appendix 8 - Continued
IndividualSkeletal Findings in Fetusesa

Rat Teratology Study of T-3351
Group 3 5 mg/kg

2 2 2 2 2 2 2 2 2 27 7 7 7 7 7 7 7 7 70 0 0 0 0 0 0 0 0 0Maternal a a a 8 a 8 a a a 8Number: 0 2 3 4 5 6 7

Number of fetuses examined 10 a 8 NP 11 9 10Number of fetuseswithin normal limits a 5 7 7 a I I a 7Number of fetuseswith one or more skeletal variants 2 3 1 1 3 2 9 0 1Percent of fetuses with one or more skeletal variants 20.00 37.50 12.50 12.50 27.27 22.22 90.00 0.00 12.5Identificationletter(s)of fetuseswith:

LLUIM-OlLif-ic_Ltjon
Skull - incomplete closure (<75%)

BE- lnterparletalossificationincomplete/nonossified a H
- parietalsossificationirregular
- supraoccipitalossif.1cationlncoinplete/nonossified

N 0 B.- supraoccipital nonfused
- hyold ossifit

a
tion Incomplete/nonossitie4 8 H F IPectoral girdle - scaptilaossification incomplete

Rib cage - sternebraebipartite
E BEFHLO- sternebras I and 2 fused

- sternebrae <3 ossified
B- ribs <13 ossifiedb

ribs >13 ossified(cervicalregion)
i ribs 13th pair *aallb

ribs ossificationirregular
Vertebral column - sacral arches nonossified

- thoraciccentra ossificationincomplete/
nonossified I CH 0 HK INO c- thoracic centra nonfused

BCF
-
caudals <3 ossified

BPelvic girdle - pubis ossificationincomplete/
nonossified

- ischium nonossified
forelimbs - <3 ossified
Hindlimbs - <4 ossified

Done Alignment
Ribs - ingulated
Sternebrae -.checkered

RP - Not Pregnant.
a There were no skeletal anomalies noted In any fetuses.
b Possible preparation damage at time of evisceration.



Appendix 8 - Continued
IndividualSkeletal Findings in Fetusesa

Rat Teratology Study of T-3351
Group 3 - 5 mg/kg

2 2 2 2 2 2 2 2 2 2
7 7 7 7 7 7 7 7 7 7
0 0 0 0 0 0 0 1 1 1

Maternal 9 9 9 9 9 9 9 0 0 0
Number: 3 4 5 6 7 0 1 2

Number of fetuses examined 8 8 10 8 8 a 10 8 9
Number of fetuses within normal limits 3 8 7 3 5 a 4 0 8 7
Number of fetuses with one or more skeletal variants 5 0 3 5 3 0 4 10 0 2
Percent of fetuseswith one or more skeletal variants 62.50 0.00 30.00 62.50 31.50 0.00 50.00 100.00 0.00 22.
Identificationletter(s)of fetuseswith:

Lag-gingOssification
Skull - incomplete closure (<75%) BCEFHI N

KLNO
- interparietalossificationincomplete/nonossified NK Fl 0
- parietalsossificationirregular I
- supraoccipitalossification incomplete/nonossified CEI L BCEFHI N

KLNO
- tupraoccipita-Inonfused
- hyoid oss

,
fication iscomplete/nonossified 0 HL LN

Pectoral girdle - scapula osstfication incomplete
Rib cage - sternebraebipartite JN 8EFIK

- sternebrae I and 2 fused
-.sternebrae<3 ossified BLN
- ribs <13 ossifiedb
- ribs >13 ossified(cervicalregion) OG
- ribs 13th pair smallb
- ribs ossificationIrregular K

Vertebral column - sacral arches nonossified LM
- thoracic centra ossificationIncomplete/

nonossified N EK ILN L
- thoracic centra nonrused
- caudals <3 ossified 8CEFHI N

KLNO
Pelvic girdle - pubis ossificationincomplete/

nonossified BILN
- ischium nonostified LN

Foreliabs - <3 ossified LN
Hindlimbs -.<4 ossified BEIKL

Done Aiiqmwnt
Ribs - angulated IK El
Sternebrae - checkered

I

NP - Not Pregnant.
a There were no skeletal anomalies noted in any fetuses.
b Possible preparationdamage at time of evisceration.



Appendix 8 Continued
IndividualSkeletalfindings In Fetuiesa

Rat Teratology Study of T-3351
Group 4 - 10 mg/kg

2 2 2 2 2 2 2 2 2 2
7 7 7 7 7 7 7 7 7 7
1 1 1 1 1 1 1 1 1 1Maternal 0 0 0 0 0 1 1 1 1 1Number: 5 6 7 8 9 0 1 2 3 4

Number of fetuses examined 10 6 .6 10 0
c

9 10 0 4 aNumber of fetuseswithin normal limits 3 6 2 10 3 7 0 0 0Number of fetuseswith one or more skeletal variants 7 0 4 0 6 3 a 4 aPercent of fetuses with one or more skeletal variants 70.00 0.00 66.67 0.00 66.67 30.00 100.00 100.00 100.0Identificationletter(s)of fetuseswith:

taggina Ossification
Skull - incomplete closure (<7S%)

BCEFHI CDFO BCEFH
KL Lm- interparietalossificationincomplete/nonossified

8 CE COFO EFHI

- parietalsossificationirregular
- supraoccipitalossificationincomplete/nonossified CH BFHK COO BCEFH
- supraoccipital nonfused

CEIL F
LM

- hyoid ossification Incomplete/nonossified
HPectoralgirdle - scapula ossificationincomplete
ERib cage - sternebrae bipartite CFHILN CFI BEFHX BCFHIK CDO BCEFH0 L- sternebrac I and 2 fused

- sternebrae <3 ossified
CH- ribs <13 assifiedb

- ribs >13 ossified(cervicalregion)
- ribs 13th pair swilb
- ribs ossificationIrregular

Vertebral c6lumn - sacral arches nonossified
CH FO I- thoracictentra ossificationincomplete/

nonossified K K CH FO el- thoracic centre nonfused
BH K- caudals <3 ossified

BCEHIK COFO CEFI

Pelvic girdle - pubis ossificationincomplete/
nonossified

CH- ischium nonassified
Forelimbs - <3 ossified

cHindlimbs - <4 ossified
BCEFHK CDFO CEHI
L

Igne Alionwnt
Ribs 7 angulated HN Ef COFOSternebrae - checkered

0

WP - Wat Pregnant.
a There were no skeletal anomalies noted in any fetuses.
b Possible preparation damage at time of evisceration.
C All fetuses resorbed and/or OeAd



Appendix 8 - Continued
Individual Skeletal Findings in Fetusesa

Rat Teratology Study of T-3351
Group 4 10 mg/kg

2 2 2 2 2 2 2 2 2 2
7 7 7 7 7 7 7 7 7 7
1 1 1 1 1 1 1 1 1 1

Maternal 1 1 2 2 2 2 2 2 2 2
Number: a 9 0 1 2 3 4 5 6 7

Number of fetuses examined NP 0
c

FO 10 8 10 10 8 9 FoNumber of fetuses within normal limits 4 5 10 3 0 0
Number of fetuses with on* or more skeletalvariants 6 3 0 7 a 9
Percent of fetuses with one or more skeletal variants 60.00 37.50 0.00 70.00 100.00 100.00
Identification)otter(s)of fetuseswith:

Lagging ossification
Skull - Incomplete closure (<7S%) 8 BCEFHI CDFIJL

KL No
- interparietalossificationincomplete/nonossified CJHP BFIKL I
- parietalsossificationirregular
- supraoccipitalossification incomplete/nonossified CIKO N BCMP NK CIJLNO
- supraoccipital nonfused OCEFIL
- hyoid ossification incomplete/nonossified CF K

Pectoralgird)* - scapulaossification incomplete
Rib cage - sternebrae bipartite FIKO N BCEFHI CDFGIJ

- sternebrae I and 2 fused
L L

.
NO

- sternebrae <3 ossified CKL
ribs <13 ossifiedb
ribs >13 ossified (cervicalregion)
ribs 13th pair sg&llb
ribs ossificationirregular

Vertebral column - sacral arches nonossified a CKL
- thoraciccentra ossificationincomplete/

nonossified c BNP L IL
- thoracic contra nonfused
- caudals <3 ossified el OCEFHI CJL

KL
Pelvic girdle - pubis ossificationincomplete/

nonossified BCHIKL- ischium nonossified KL
forelimbs - <3 ossified KL
Hindlimbs - <4 ossified 8 BCEFHI CIJLO

KL

Bone Alignment
Ribs - angulated
Sternebrae - checkered

NP - Not Pregnant.
FO - Found Dead.
a Yhere were no skeletal anomalies noted in any fetuses.
b Possible preparation damage at time of evisceration.
C All fetuses resorbed and/or dead.
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JEFFERSON MEDICAL COLLEGE
of

THO,MAS JEFFERSON UNIVERSITY

DanielBaugh Institute Philadelphia,19107

Departmentof4nafomy (215)928-7820

Officeofthe
Directorand Chairman

December 7. 1983

Mr. William C. McCormick, III
Toxicology Services, Medical Department
220-2E 3M Center
St. Paul, MN 55101

Dear 14r.McCormick:

I have received the draft report of T3351 from Dr. Wetzel and after careful
reviewfind it to be a clearlyexplainedstudy. It is a state-of-the-art
safety evaluation for developmentaltoxicity.

The data demonstrate severe maternal toxicity is evident both during and
after treatment at both 5 and 10 mg T3351/kg/da and that the higher dosed
group was the more severely affected. Their food intake was reduced and,
not only did the dams not gain weight normally, actual maternal weight
losses occurred in both these treatmentgroups. Numerous clinical signs of
maternal distress and even hair loss were observed. There were directly
related reductions in fetal body weights from these ill dams. However,
for such ill mothers and small fetuses, the 5 mg group showed fewer skeletal
delays than one might expect in such severely stressed mothers. No signs of
either maternal or developmental toxicityoccurred in the low dose group.
In short, at dose levels severely maternallytoxic and even lethal, T3351
exerts only a relative few of the adverse effects on the conceptus one
would expect. At a dose level below that producing maternal death, but numer-
ous other signs of maternal toxicity, there were only minor effects on the
rate of Ietal development and, at the all importantmaternallynontoxic dose
level.,embryonic and fetal development were absolutely normal.

This study clearly illustratesthe safety of the test substancefor the
conceptus. The mother appears more vulnerable to T3351 than the conceptus
and one would conclude that aslong as exposures are kept below adult toxic
levels, embryonic development would also not be affected.

This study of T3351 makes a clear statement of a no effect level and fetal
safety. You have gone the extra mile and are to be congratulatedfor your
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William C. McCormick
December 7, 1983

high motivation. I cannot envision a customer or a regulatory agency
being confused by, or having reservations regarding, this data base
clearly establishing T3351 to not represent a developmental hazard to the
conceptus.

Sincerely,

E. @luarshaI J son, Ph.D.
Professor a d hairman
Director, Daniel Baugh Institute

EKJ:amf
cc Dr. Lawrence T. Wetzel, Ph.D.

Department of Toxicology
Hazleton Laboratories America, Inc.
9200 Leesburg Turnpike
Vienna, VA 22180
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Summary

Oral administration of FC-95-at doses of 10, 5 and 1 mg/kg/day to pregnant

Sprague-Dawley rats during days 6 through 15 of gestation (period of organogenesis)
resulted in fetuses with teratogenic changes in the lens of the eye. The

teratogenic effect was a developmental eye abnormality which appeared to be an
arrest in development of the primary lens fibers forming the embryonal lens
nucleus, followed by secondary aberrations of the secondary lens fibers of

the fetal nucleus. The lens abnormality occurred in all rc-95 dose groups,
but the proportion of fetuses with the lens changes was significantly higher

than the control group only in the 10 mg/kg/day group.

FC-95 administration was maternally toxic only to the 10 mg/kg/day group.
At gestation days 12 through 20 their mean maternal body weights were significantly
lower than the controls. FC-95 was not maternally toxic to the 5 and 1 mg/kg/day

groups.

FC-95 was not embryotoxic and did not affect the ovaries or reproductive

tract contents of the dams. The compound did not produce an increase in the
number or proportion of abnormal fetal skeleton aberrations.
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Introduction

a
This teratology study-@--of FC-95 in rats was conducted to evaluate the embryotoxic
and teratogenic effects of orally administered FC-95. The study was sponsored by

3M Commerical Chemical Division, St. Paul, Minnesota and was conducted by the

Safety.Evaluation Laboratory, Riker Laboratories, Inc., St. Paul, Minnesota.
The compound administration period was from July 14 through July 24, 1980. The
protocol and list of the principal participants and supervisory personnel can be

found in Appendices I and II respectively.

All portions of this study were conducted according to the Gc>odLaboratory

Practice (GLP) regulations and the Safety Evaluation Laboratory Standard
Operating Procedures (see Appendix III for Quality Assurance Unit statement).

The storage location for specimens, raw data and a copy of the final report is
maintained in the Safety Evaluation Laboratory's record archives.

Methods

Time mated Spraque-Dawley derived rats were obtained from Charles River Breeding
Laboratory and assigned cages according to a conputer-generated random numbers

table. The rats were then divided into four groups of 22 animals weighing 175
to 261 grams. The rats were housed individually in hanging stainless steel cages

with
b
wire mesh floors and fronts in a temperature and humidity controlled room.

Food-@-and water were available ad libitum. The lights were on a 12 hour light/dark

cycle.

The animals were observed daily from day 3 through day 20 of gestation for
abnormal clinical signs. Body weights were recorded on days 3, 6, 9, 12, 15 and

20 of gestation and the rats dosed accordingly using a constant dose volume of
5 ml/kg of body weight. The four groups were dosed with FC-95 (Lot 640) suspended

daily in corn oil at Or 10, 5 or 1 mg/kg/day. rc-95 was administered daily by
oral intubation with a syringe ec,-Uippedwith a ball-tipped intubation needle to

the rats on days 6 through 15 of gestation (day 0 indicated by ppe=-positive
vaginal smear). FC-95 analytical characterization (see Appendix IV) was provided by

3M Commercial Chemical Division, St. Paul, Minnesota.

All animals were sacrificed on day 20 by cervical dislocation and the ovaries and

uterus, including its contents, were e.-.ariined to determine the

following: number of corpora lutea, number of viable fetuses, number of resorp-
tion sites, pup weights and sex, and any gross fetal abnormalities. Approximately

one-third of the fetuses were fixed in Bouin's solution for subsequent free-hand
sectioning by the Wilson technique to determine visceral abnormalities. The
remaining fetuses were preserved in alcohol for clearing and staining of the

skeleton with alizarin red to detect skeletal abnormalities. Selected free-hand

sections were processed for histological evaluation.

a
Riker Experiment No. 0680TROO08

b Purina Laboratory Chow, Ralston Purina Company, St. Louis, MO
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Results

FC-95 administered during the period of organogenesis was toxic to the high dose
group (10 mg/kg/day) maternal rats. The mean body weights of all dose groups

were similar at gestation days three through nine (Table 1, Appendix V). At
gestation days 12 through 20 the high dose group rats weighed significantly

less than controls (0 mg/kg/day). The mean maternal body weights of mid (5 mg/kg/day)
and low (1 mg/kg/day) dose groups were not different from the controls throughout
the study. Even though FC-95 was maternally toxic at the high dose level, no
compound-related clinical signs were observed in any of the dose groups.

FC-95 was not embryotoxic and did not affect the ovaries or reproductive tract

contents of the dars. The mean number of male, female, total and dead fetuses;
the mean number of resorption sites, inplantation sites, corpora lutea and mean
fetus weights of the three FC-95 dose groups were not significantly different

from the controls (Table 2, Appendix VI). The high dose group did have a lower
mean number of viable male, female and total fetuses than the other three groups

which resulted from a lower number of embryos at the start of the study. Con-
tributing pieces of evidence to the lower number of high dose embryos are the
low mean number of implantation sites, corpora lutea, resorption sites and the

absence of dead fetuses.

FC-95 did not cause compound-related abnormal gross fetal findings (Table 3),

nor did FC-95 treatment produce an increase in the number or proportion of
abnormal fetal skeletal aberrations. Fetal skeleton results of the three

compound treated groups were not significantly different from the control
group (Table 4). The incidence and proportions of sternebrae nonossified and

associated changes of sternebrae assymetrical, sternebrae bipartite and one
sternebrae missing were unusually high in all dose groups of this study including

the control group.

FC-95 was teratogenic in the rat at all dose levels administered in this study.

The teratogenic effect was a developmental eye abnormality which appeared to be
an arrest in development of the primary lens fibers forming the embryonal lens
nucleus, followed by secondary aberrations of the secondary lens fibers of the

fetal nucleus. All eye abnormalities were localized to the area of the embryonal
lens nucleus although a variety of morphological appearances were present within

that location. The range of morphological appearances as observed under the
dissecting microscope varied from a slight discoloration of the lens near the
anterior margin to a dark colored oval area, often containing a cleft, extending

from beneath the lens epithelium to half-way through the lens posteriorly.
Histologically the discolorations were due to presence of lens vesicle remnants

surrounding the abnormal embryonal.lens nucleus. One of the most severly affected
eyes had most of the embryonal lens nucleus replaced by sinus spaces containing

red blood cells. Also contributing to the discolorations were primary lens fibers
which appeared to have not elongated. These lens fibers were tortuous and lacked

nuclei in a normal lens bow of nuclei. Secondary lens fiber development progressed
normally except immediately surrounding the abnormal embryonal nucleus. Secondary

aberrations of secondary lens fibers included the bending of the fibers around the

abnor-mal oval area, the subsequent formation of prominant anterior and posterior
Y sutures of the converging fibers and lens vesicle remnants surrounding the

embryonal nucleus.
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The lens abnormality occurred in all dose groups except the control group. The
proportion of fetuses with the lens abnormality in one or both lenses was
significantly higher in the high dose group than the control (Table 5). The

lens abnormality recorded for one control fetus under the dissecting microscope
was an artifact when evaluated by transmission light microscopy. A no-effect

dose level for the teratogenic lens abnormality was not established in this study.

Discussion

optimal visual functional requirements are met during embryonic development by

the differentiation of highly specialized populations of cells from undifferentiated

precoursers and by the coordinated morphogenesis of the resulting tissues. Both
processes are controlled to a remarkable extent by interactions which occur
a ng emerging tissues. Each tissue of the eye is brought to its final state of

differentiation, its cell population size and its definitive ge6netry, not only
by intrinsic processes, but also by extrinsic influences exerted by neighboring

tissuesi.

The embryonal origin of the lens is undifferentiated ectoderm. The tip of the
optic vesicle, presumably the neural retina, plays the final role in inducing
lens from overlying ectoderm and in aligning the lens precisely with the rest

of the eye. Alternative or sequential action of tissues derived from endoderm
(foregut) and mesoderm (heart) on the same target tissue decreases the probability

that lens formation would be aborted by accidents during the early phases of
induction. While the nature of the inductive influence remains unknown, there
are indications that substances may be transferred from the presumptive neural

retina to the overlying ectoderm during induction. A prolonged period of

inductive interaction not only increases the probabililty that lens induction
will occur successfully in the face of interference, but provides a mechanism
for continuously adjusting the size, shape, position and orientation of the

lens to that of the retina2.

During the early stages of the inductive process, the ectodermal cells immediately

overlying the tip of the optic vesicle elongate prependicularly to the body
surface to form a thickened disc (lens placode). The change in cell shape is
accomplished without change in cell volume. The number of cells, however, continues

to increase during this period. Toward the end of lens placode formation,

acidophilic fibrils appear in the apices of the lens placode cells. At about
this time, the placode invaginates to form the lens cup. This invagination is

independent of the concomitant invagination of the underlying optic vesicle,
and is probably due to forces operating within the lens ectoderm. As the.lens
cup deepens, its opening (lens pore) becomes progressively constricted until its
lips meet and fuse, cutting off the lens vesicle internally and re-establishing

continuity in the overlying ectoderm. Closure of the lens pore is attended by,

and possibly accomplished by, a local and temporaty restricted wave of cell death.
Following closure of the lens pore, the cells at the back of the lens vesicle

continue to elongate, under the influence of the neural retina, to form the
lens fibers. As the fibers grow the cavity of the lens vesicle is obliterated.

The lens cells toward the ectoderm, which do not elongate further, form the

lens epithelium2.
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The cuboidal lens epithelial cells which face the cornea continue to grow after
the lens vesicle forms. AS the cells rotate through the equator region, they

take their places on the surface of the growing fiber mass. These cells differ-
entiate into secondary lens fibers at the equator and elongate rapidly toward the
poles of the lens where they meet with other fibers in planes of junction called

sutures. As secondary fibers grow their nuclei become positioned at about the

center,of the fibers and form a convex lens bow outward. Since the newer
fibers are always deposited superficially, the oldest fibers in the lens come
to lie centrally and are referred to collectively as the lens nucleus. With
time the lens cell nuclei in this region become pycnotic and finally disappear.

The cell fibers, however, are not broken down and removed but remain in place.
Thus the size and shape of the lens are controlled by factors which control the

number, size and shape of lens cells2.

The teratogenic effect of FC-95 probably occurred during the portion of organo-

genesis between differentiation of lens tissue from ectoderm and the formation

of secondary lens fibers surrounding the embryonal lens nucleus. The exact
time of the teratogenic insult and the morphogenesis of the abnormality were
not determined in the study. The developmental lens abnormality appears to be

it has not been described as a compound-related abnormality3.unique because
A similar-appearing structural lens abnormality has been reported to occur

spontaneously in rat fetuses, but with a very low incidence of 1.2%4. The
abnormality resembles the Fraser developmental lens abnormality of a mutant

mouse strain which results from degenerative primary lens cells5.
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Table I

oral Teratology Study of FC-95 in Rats
Mean Maternal Body Weights with Standard Deviations

Dose Gestation Day

Group 3 6 9 12 is 20

0 mg/kg/day MEFIN 20C4 22--< 247 272 30!1, 38C,

STFit-4. E'-EV 16. 7 :17.6 2 0. '-:@2 Li.5 2 -4.4 8

10 mg/kg/day tiEFit-4 19'-; 2 2 24--,* 25i-,A 27'C"A

!FITHt-4.C)EV 11. 8 8 18.2 16. 2 1 S. 6 --<4.

5 mg/kg/day MEFit-4 21-71!t7-'--"28 24,-:4 2 6 2'-;44 ----7

Sl Fit4. C-EV 2C'.0 1 E,.4 :12. E. I --e.2 8 2 8

1 ing/kg/day tiERN 2t-i5 2 2 25 2'f@

7 :1*-;.5 "='@4.6

Significantly lower than the controls (Dunnett's t test p 0.05)



Table 2

Oral Teratology Study of FC-95 in Rats
Mean Litter Data and Pup Weights with

Standard Deviationsa

Dose No. of IHE'LE FE t RE!@-CIF.P'TI ON I14PLHN I'Ht10

Group Animals [11 F -["Cf-IHL- F'E S I IEE. I'T"ES

0 mg/kg/day 20 2 4. '-4 1 Cl. Li
ILI.

I . 2. 1 2. ILI.9 2. 5

10 mg/kg/day 17 8 -z.9 0. 0 0. et S. 1

2. 8 2. 6 4. Cl. 0 0. 6 4. -z@

5 mg/kg/day 17 5. C, 5. 5 10. 5 0. 0 0. 7 11. 2
1.9 2.0 2. 2 0.0 I.o 2.2

1 mg/kg/day 19 4. 7 5. 4 :LO. :L 0. 1 0. t 10. 6

-1. 7 2. J- 2- 8 0. 2 0. 8 2. 7

Treatment groups were not significantly different from controls (Dunnett's t test p
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Table 3

Oral Teratology Study of FC-95 in Rats

Number of Fetuses with Gross Findingsa

Finding
0 10 5 1

mg/kg/day mg/kg/day mg/kg/day mg/kg/day

No. of fetuses examined 201 131 178 192

Umbilical hernia 1 --- 1 ---

Runted --- 1 --- 1

Total Normal Fetuses 200 130 177 191

Total Abnormal Fetuses 1 1 1 1

Treatment groups were not significantly different from the control
(Chi-square p -,0.05)
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Table 4

Oral Teratology Study of FC-95 in Rats
Number and Percent of Fetuses with Skeleton Findings@l

0 10 5 1
Skeleton Finding mgAg/day mgAg/day !ng/kg/day mg/kg/day

Fontanelle not closed 10 (7) 10 (11) 7 (6) 5 (4)

Frontal nonossified 4 (3) 1 (1) --- 1 (1)
Parietal nonossified 2 (1) 1 (1) 1 (1) 1 (1)
Interparietal nonossified 3 (2) --- -- 1 (1)

Occipital nonossified 1 (1) 1 (1) --- ---

Sternebrae nonossified 114 (81) 77 (85) 100 (81) 107 (81)

Sternebrae asymmetrical 53 (38) 23 (25) 36 (29) 39 (29)

Sternebrae bipartite 7 (5) 4 (4) 5 (4) 6 (5)

One sternebrae missing 30 (21) 13 (14) 26 (21) 26 (20)

Two sternebrae missing 10 (7) 2 (2) 4 (3) 6 (5)

13 ribs 5 (4) 2 (2) 2 (2) 6 (5)

13 ribs spurred 7 (5) 7 (8) 8 (7) 4 (3)

Wavy ribs 1 (1) 2 (2) 1 (1)
Protrusion on ribs 6 (4) 9 (10) 3 (2) 8 (6)

One body of the vertebrae 32 (23) 21 (23) 25 (20) 32 (24)
bipartite

Two bodies of the vertebrae 18 (13) 7 (8) 11 (9) 9 (7)

bipartite

Three bodies of the vertebrae 4 (3) 1 (1) 1 (1) 3 (4)
bipartite

Four bodies of the vertebrae --- --- --- 1 (1)

bipartite

Total No. Normal Fetuses 7 (5) 3 (3) 10 (8) 10 (8)

Total No. Abnormal Fetuses 1.33 (95) 88 (97) 113 (92) 123 (92)

Total No. of Fetuses Examined 140 91 123 133

-2@Treatment groups were not significantly different from the control (Chi-square

p < 0.05)
percent of total examined
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Table 5

Oral Teratology Study of FC-95 in Rats

Number and Percent of Fetuses with Internal Findings

Internal Finding
0 10 5 1

mg/kg/day Fig/kg/day mg/kg/day mg/kg/day

Eye abnormality l@1(2) 14t(35)S 4t(7) 2b(3)

Thoracic cavity full --- 1 (3)

of blood

Enlarged atria 1 (2) --- ---

Enlarged renal pelvis area 3 (5) --- --- 3 (5)

in the kidney

Abdominal cavity full 4 (7) 2 (5) 5 (9) 2 (3)

of blood

Total No. Normal Fetuses 52 (85) 23 (57) 47 (85) 53 (90)

Total No. Abnormal Fetuses 9 (15) 17 (43) 8 (15) 6 (10)

Total No. of Fetuses Examined 61 40 55 59

Eye abnormality was an artifact and was not considered for statistical

evaluations
with secondaryEye abnormalities were developmental lens abnormalities

lens aberrations
significantly higher than the control (Chi-square p 0.05)

percent of total examined



Appendix I

Oral Teratology Study of FC-95 in Rats
Protocol

objective

A teratology study will be used to evaluate the embryotoxic and teratogenic
effects of orally administered FC-95 to pregnant rats during the period
of organogenesis. The procedure complies with the general recommendations

of the FDA issued in January, 1966 ("Guidelines for Reproduction Studies
for Safety Evaluation of Drugs for Human Use"). The study will be conducted

according to the 1978 Good Laboratory Practice regulations and Safety Evalu-
ation Laboratory's Standard Operating Procedures.

Sponsor

3M Commercial Chemical Division, St. Paul, Minnesota.

Testing Facility

Safety Evaluation Laboratory, Riker Laboratories, Inc., St. Paul, Minnesota.

Study Director

E. G. Gortner

Start of Dosing

Mid July, 1980.

Test System

Eighty-eight sexually mature, time mated Sprague-Dawley derived female rats
from Charles River Breeding Laboratory will be housed in hanging stainless

steel cages with wire-mesh floors and fronts in a temperature and humidity
controlled room. This strain of rats will be used because of historical

control data and time mated females are readily available. Purina Laboratory
Chow and water will be available ad libitum. The lights will be on a 12 hour

light/dark cycle.

Test System Identification

Each animal will be ear tagged and that number will be indicated on the

outside of the cage.
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Appendix I (Continued)

Randomization

The animals will be assigned cages according to a computer-generated random

numbers table.

Control Article

Corn oil.

Test Article

FC-95.

Analytical Specifications

The test article, composition and purity will be determined by the Sponsor

(3M commercial Chemical group) prior to the start of the study and at the
end of dosing.

Dosage Levels and Experiment Design

The test article will be suspended in corn oil daily. The test article
suspension and control article will be administered by oral intubation to the

rats on days 6 through 15 of gestation according to the following:

Dose Group Dose Level Group Size

High 10 mg/kg/day 22 @

Mid 5 mg/kg/day 22 *

LOW 1 mg/kg/day 22 2

Control 0 mg/kg/day 22 @

The oral route of administration will be used because of metabolism studies
showed radiolabeled FC-95 was well absorbed. No dietary contaminants are

known to interfere with the test article.

The animals will be observed daily from day 3 through day 20 of gestation

for abnormal clinical signs. Body weights will be recorded on days 3, 6,
9, 12, 15 and 20 of pregnancy and the rats dosed accordingly using a constant

dose volume of 5 ml/kg of body weight.

The females will be killed on day 20 and the ovaries, uterus and its contents

will be examined to determine: number of corpora lutea, number of fetuses
(live and dead), number of resorption sites, number of implantation sites,

pup weight and gross abnormalities. Approximately one-third of the pups will

be fixed in Bouin's solution for subsequent free-hand sectioning by the
Wilson technique to determine any visceral abnormalities using a dissecting
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Appendix I (Concluded)

microscope. The remaining approximately two-thirds of the pups will be

fixed in ethyl alcohol for subsequent skeletal examination after clearing

and staining with alizarin red.

Data Analysis and Final Report

The proposed statistical methods to be used for analysis of the data are:
Dunnett's t test for dam and pup weights, number of fetuses, number of

resorption sites, number of implantation sites and number of corpora lutea;
Chi square for percent abnormalities. The proposed date for the final report

is 2-3 months after detailed pup examinations have been completed (approximately
fourth quarter, 1980).



14

Appendix II

oral Teratology Study of FC-95 in Rats

List of Principal Participating Personnel

NAME FUNCTION

Edwin G. Gortner Study Director

Elden G. Lamprecht Veterinary Pathologist

Cathy E. Ludemann Coordinator-Histology

Gary C. Pecore Supervisor-Animal Care

Loren 0. Wiseth Technician



Ap pendix III

STATEMENT OF QUALITY ASSURANCE

STUDY NUMBER: 0680TROO08

TITLE: Oral Teratolocrv Studv of FC-95 in Rats

Audits and/or inspectionswere performed by the Riker Quality Assurance
Unit for the above titled studyand reportedto the study directorand
to management as follows:

Date Perfomed Date Reported

18 July :L980 21 July 1980
28 July 1980 28 July 1980

15 December *1980 17 December '1980

17 December 1980 17 December 1980

E. Orterstrom

Laboratory Quality Assurance
Riker Laboratories,Inc.

December 17, 1980
Date
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Test and/or Control Article Characterization

for

Loi 6,4o

1. The identity strength, uniformity, composition, purity or other per-
tinent characterizations of the test and/or control substances have
been determined and documented as of k-,(-gdO

2. The method of synthesis or origin of the test and control substances,
including their amount ynd the method of bioassay (if applicable) is
documented.

yes no

3. The stability of the test and/or control substances have been deter-
mined or will be determined as of CAJ OX 7-OA

The above information and documentation are located in the sponsor's re-
cords.

Sponsor Date

Form 19793 PWO
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Appendix v

Oral Teratology Study of FC-95 in Rats

Individual Body Weights (g)

Dose Group Study Day
and Rat No. 3 6 9 12 15 20

Cl tIG/KG,-'[.*,HY

NOF.' :LE.'6. L,12 2 t- 254 2 3
t- 3*45NCif@: :129 22e4 2t '1 2 .'9 2'0 4 Z4

N t-I :i;'l6 2 -,'.8 2 4 @-I -:15 9
NOR

:1 2 1 2-'.'2 271 2,--,t Cl2

224 24ti 5 4 i
t4LIF, :L --,'01 t'. IE'2 LiLl',-'2,--:4 2 tst-3 2i,4 -@4.2
t-4ClF.'Li18 1 i"t, L14E. Z-77
tior 12019 19--,:219 2 2 0 9
t-4@-4F,I --<Ci;:Lk--i 1'--44 221 2 27'1@ 319 4 @-I0
N CiF. I.-:@Cl *--'--:E.' 22c: 222 2,i:4 --@22 4C'S
NOR :1.-@Cl4 Li I L t@.1":: 2 2 1-'.i- 29-, -81

1 2 1'-z@ 2 t-a': 28? ----.'5
t-4t-iF;: I Li4 @-2 Li 2 0 2!-. L@ 4 42E.
N t-I@' 1-::,Ci,14 2@".* 22c: i:4 2 290-'-. to
t4@:'F. I C-IE -L, 2 2 4 'i.' 2 1 t-@ --@:4 4 4.
t4C!F: ILI I l-@4 212 2 1 2 5'-; 297 --"6
NOR 13062 210 229 222 272 302 362
NOR 1.-; 6 IE:t., 20c-: 24-e 2T,7 289 --,,42

1 211. 2t-t-I 25E. 2 8'-:@ ---.:6 -'i'
1-4C!F.'.I -7z*.'Cic:C' 17'-:4 l-@44 2 ;Ll5 E. --:.-:21.

rIEFit-4 2 CiC' 2'-'---' 24@r, 2 -f f@l!: 8 C'
T At-4. E)E@@' 1E.. 17. P-'.2 @'j.-:@ 2 L@. 2 4. 4

NOt-4 PREi3t-4HI.4'iFlNll*lHL';-z@

N-0k: :1-@.,017 18E. 21c'*" 2--'.'42 t,
NOR 13042 188 209 2E.0 L@'4-('255 272
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Appendix V (Continued)

Oral Teratology Study of FC-95 in Rats
Individual Body Weights (g)

Dose Group Study Day

and Rat No. 3 6 9 12 is 20

:10 MG,,-KGe'C-fqY

OOR 13CiCil :1 22Z, 2-@9 25-1: 281 347
OOR 1,002 1,-4 217 230 2 5 28-. 356

0 @-@F.':1 0 Cl I 9':-P 222 224 2i-'.to 2 @.,L-1 8:1

CIOF, I C.,t-I4 1 @o *---' 1" 2 21E. 2 3 -". 255

OOR :1:-'.CI05 2C'l 22!:-. 2 6 26:1 28ti 2,6 @i

f@, 22'17' Z-t 2 4 2.'@'8 2 9 -7. --<6 C,

'@'ll 402OOR 12022 212 244 24,., 2,.-.:8 -

OOR 1 0 2 180 20E. 258 22-t' 24ti 285

C.IOF' O.:-@'t, 2 0 8 2:@.4 8 2

LIOF: I _-;,0 1 -i-, 21.4 2 9 25L, 274 357

CiO@-., 1.7@,-C,4 2 1 t---, 22:i. 25,-:4 -fE.1

OCIP, 1 0 4 2f-@5 22E.' 2 24e. --@:I I

OOF: I.L@065 204 27e;. 2 2 0 4

0 t'-iF..' 2 @--i 22E. 27ti 2E.--*. 2

OOR l,'067 210 2,:4 222 268 278 322

OOR 13069 203 228 262 262 2 8 3 8

CIOR 13081 194 209 238 237 251 281

MEFIN 1 *-@49 223 2 4"--.*: 2ti7 2-r'7 4

-;I*Ht-4.C)E'-e'j.1. E. 1 8 18. 2 ItE.,2 1S. 4. E.*

t-40t-4PF!El3t-iHN'T At-4IriFiLS

OOF.' :1 2 4 :19t, 21*1-" 2 2 242

0 @--iF: 1304t--. I e. 2C'9 24, 22E. 2 2 L

001@.' I-RO47 1:?,4 2 C-i1 244 221 2-:-@ 2 t*,

OCIF' 13C-149 2 1 23-@' Z,4 2tk'-@;l 251

OOF* 1 -7:CiE.,E: 2:1 2 --'2 2 3 2-7e9 250 2
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Appendix V (Continued)

Oral Teratology Study of FC-95 in Rats
Individual Body Weights (g)

Dose Group Study Day

and Rat No. 3 6 9 12 is 20

L-1L--i 27 .4 .04

2E2
21;L L*74 2!f,4

F,i-iP I CiI C, i@0-4 22L@i c-;.'4t - 2 E. 2 8 4'--,

i-Ik-I i. ci 212 2 2t,l 2t-'-.9 2 &.:--:

2 4 4

241 2*., 2E@l: E.

p C, t.@-Li 17E. 21@-1 ;m.,i-..i-@i L-17 t'--i 294
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Appendix V (Concluded)

Oral Teratology Study of FC-95 in Rats
Individual Body Weights (g)

Dose Group Study Day
and Rat No. 3 6 9 12 is 20

224 2 5 k--i 261 2
21'i@ 24:'. 2i=2 I

I I 1 2C14 2 E. --'0 7 9
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2 4 1 a-@2 411
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2L'4 2'-@C- 244 Zo -:@20 40-.17

Li 1'*-*:. 4 1 .':';'2 254 2 P*-- 2 'i:E.*
-

I &.'-I 2Cil. 2 251 ;271 5
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Z-'C'!--, 22E. 252 2 7.:7_' L, 7

S"iHt-4. E'EV IE:.8 :I:iO.1 1'-;4. 7 2 4.
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Appendix VI

Oral Teratology Study.of FC-95 in Rats

Individual Litter Data with Pup Weights

Dose Group
%.@IFIE:LE FEI'U':-:E--.'I)EFiL.- RESOW IMPLFit4 CCIF.'FIRH MF-HN FF-T@-[,--.

and Rat No.
m F TOI'HL FEl P'llOt-4TF-ITION LUTEH Flvl@i t-I F

SITES SYTES

0 mg/kg/day

14OR 1299E'. te 4 0 9 4. '3 :1 4.
NOR

1291-;47 4 9 :1-Z. 0 :1 :14 :1E. E. 8 5
NOR

:129'-z'8 7 4 :i:l ci f3 :L:i :L2 4. ---. 4. 4.. 2

T-JCIF* :129'-:4:? 7 4 :1:1 0 2 i.-@ J-2.. 4. C-i 4. :1 -::'.'@-4

NOR 13000 7 7 :14 0 ci 14 :17 4. 1 4. 2 4. 0

NOR 13016 4 5 9 0 :1 :1ci 9 4. @-i
NOR 13017 NOT PF.'El:it-JFit-l'l
NOR 1-@018 :It-I 0 :1 li :1:1 4. 5 4. b 4. Z

NOR 13L419 E. :L 7 0 7 6 5. :1 ti.1. -q.
NOR :1---@@--420 4 8 :12 t-@ L4 :12 :L2 4. 4. 4.
NOR 13036 5 5 :1Li f-i :1 :1:1 8 4. :1 4.

NOR 12040 6 7 :L ci ci :12 -:1.4 4. t, 4.. 2

NOR 13041 6 1: ci :1cl j-2 4. 2 4. 4. 1
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N t-iF: :I.-:,Ci4 --@: 4 6 10 El j. :15 4. 2 4. l 4. :1
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NOR 1--Z:oso E. 2 8 0 1 !@4 9 4. 4 4. 4 4. R

MEAN 5. 2 4. :IC1.0 0. ci 0. 7 :10.8 11. 2 4.

STFit4. E.*-EV. 1. 7 2. 1 2. 0.0 0. 2. t, 2. 7 Cl. I
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Appendix VI (Continued)

oral Teratology Study of FC-95 in Rats
Individual Litter Data with Pup Weights

Dose Group
VIFIE'LE FEILI':-;E@---.CEFi[.'- F.ESOF. IMPLHN CURPI-.H tqEHN FE"ILI'@-:.

and Rat No.
m F TCITFIL FETUSES PTIOt-4 *TFiTI01-4LL)TEFI FLVG 1-1 F

SITES SlTEI-@@

10 mg/kg/day

oc4R 4 6 :Lo 0 :1 :li I ci 4. @l A !f,

6 9 ci 2 S
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0 ciF-.,1--<Clcitl !t. 7 :1 ci 0 :12 :L2 4. 4.. 1. 2
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OOR 1--<04 _;o NCil PFEi3NHt.41
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MEFit4 8 9 7. 0. @-_i 0. 4 S. 1 9.2 4.

STFIN. DE@o'. 2. 8 2. 6 4. 0. 1--1 0. E. 4.
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Appendix Vi (Continued)

oral Teratology Study of FC-95 in Rats
Individual Litter Data with Pup Weights

Dose %-7roup VLHE:LE FETUSES E)EFIL) RESOR IMPLFIN CORPF'FL MEHr-4 FEI*U:=,
and Rat No. ti F 1'01'HL FETUSES PTION IHIION LUTEH Fivl:i t-1 1-@

SITES 51TEE.

5 mg/kg/day

0 9 9 4. 4. e. 4. 4
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Appendix VI (Concluded)

Oral Teratology Study of FC-95 in Rats

Individual Litter Data with Pup Weights

Dose Group VIHEILE FETU,-z.ES L.,EHL- RESOR It-IF,LFIt-4C:C'F*F'F.".HIIEFtr-4FE IIJ'-:.1,1i
and Rat No. ti F IOTFIL FETUSES PTION IFIT'ION LLII'Efl Fi@.@G 1.1 F

SITES -;IT'ES

I mg/kg/day

I'@OP I --<I@_i:lI :io 0 0 10 8 4. 4 4. to 4. 4
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f.-!@-IF' L,to:i: NCII* PREi3NFINI'

11!ciF., I -_-,El5 9 E. 4 :lo 0 0 :lo 11 4. :1 4. 8

G!OR 12075 6 4 :lo 0 0 10 i-I 4. 2 4. 2 4. 1
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changed by this amendment to the report.
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Animal Teratology Reproduction
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Manager, Pathology-Toxicology
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Amended Summary (P. 1) to the Oral Teratology Study of FC-95 in Rats
Experiment No. 0680TROOOS

Oral administration of FC-95 at doses of 10, 5 and 1 mg/kg/day to'pregnant

Sprague-Dawley' rats during days 6 through 15 of gestation (period of

organogenesis) was not teratogenic.

FC-95 administration was maternally toxic only to the 10 mg/kg/day group. At

gestation days 12 through 20 the maternal body weights of the high dose females
were significantly lower than the controls. FC-95 was not maternally toxic to

the 5 and I mg/kg/day groups.

FC-95 was not embryotoxic and did not affect the ovaries.or reproductive tract
contents of the dA-r-. The compound did not produce pLnincrease in the number

or proportion of fetal skeleton variations.
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Amendment to the Results and Discussion Sections (p..3-5)
of the Oral Teratology Study of FC-95 in Rats

Experiment No. 0680TROO08

(This amendment addresses the last two paragraphs of the
results section and the entire discussion section.)

FC-95 was labeled a teratogen of the lens because apparent lens abnormalities

were observed at the 10, 5 and I mg/kg/day dose levels. Based on subsequent
studies, particularly Riker Experiment No. 0681TR0362, the interpretations of

these observations have been extensively modified. The lens findings observed

under the dissecting microscope are now known to be either freehand sectioning

artifacts or a normal area of lens cell degeneration; The fetal rat lens
findings were incorrectly interpreted as a teratogenic change in this study.

The gross finding of a lens cleft was an artifact created by freehand
sectioning. It represents a separation between the embryonal nucleus lens

cells and the lens epithelium. The gross finding of a lens dark streak was a

normal observation of the embryonal nucleus. The embryonal nucleus is an area
of normal lens cell degeneration in the gestation day 20 fetus.

The gross appearance of the rat lens at day 20 of gestation is determined by
the region of the lens which is transected by freehand sectioning. In a

subsequent study (Riker Experiment No. 0681TR0362) the compound-related

occurence of the lens findings could not be repeated when the fetuses were
coded before freehand sectioning and gross evaluation.- The range of gross lens

observations and the differences among the dose group incidences were due to
the manner and frequency im which the lens cleft artifact was created by

freehand sectioning and the limitations inherent in visualizing the embryonal
nucleus.

In summary, FC-95 in utero exposed fetuses did not have compound-related

changes in their lenses.
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Amended Table 5 (pe 10)

oral Teratology Study of FC-95 in Rats

Number and Percent of Fetuses with Internal Findings

0 10 5 1

Internal Finding mg/kg/day mg/kg/day mg/kg/day mg/kg/day

Lens findings! 1 (2) 14 (35)12 4 (7) 2 (3)

Thoracic cavity full --- 1 (3) ---

of blood

Enlarged atria 1 (2) ---

Enlarged renal pelvis 3 (5) --- --- 3 (5)

Abdominal cavity full 4 (7) 2 (5) 5 (9) 2 (3)

of blood

No. of Fetuses Examined 61 40 55 59

The lens findings observed under the dissecting microscope were either
freehand sectioning artifacts or a normal area of lens cell degeneration

Significantly higher than the control (chi-square with Yates correction

p < 0.05)

percent of total examined
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Amnded Appendix VII

STATEMENT OF QUALITY ASSURANCE

STUDY NU@IBER: Amendment to 0680TROO08

TITLE: Amendment to the Final Report of the Oral Teratology
Study of rt-9'5-inRats

Audits and/or inspections were performed by the Riker
Compliance Audit unit for the above titled study, and
reported to the study director and to management as
follows:

Date Performed Date Reported

July 16 and 19, 1982 July 21, 1982

July 22, 1982 July 23, 1982

Complia@nde'Audit
Riker Laboratories, Inc.

I)afe
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JEFFERSON MEDICAL COLLEGE
of

THONTAS JEFFERSON UNIVERSITY

Daniel Baugh Instituteof Anatomy Philadelphia, 19107

Department of Anatomy (215) 928-7820

Officeof the
Directorand Chairman

November 12, 1982

Dr. Franklin D. Griffith
Toxicology Services
Medical Department
220-2E-02 3M Center
St. Paul, Minnesota 55101

Dear Dr. Griffith:

I would like to thank you and your associates for the hospitality extended
to me during my recent visit. In particular, Drs. Ebbeas and Lamprecht were
most cooperative under what must have been for them somewhat difficult circum-
stances. Their willingness and ability to retrieve and make available the raw
data and both the histologic and gross anatomical specimens which I requested
was commendable and essential to my review.

I had ample opportunity to make a critical spot check and personal examirr-
ation of the actual microscopic and gross anatomical specimen previously recorded
in the raw data sheets as being abnormal. No statistical or score sheet mode
of conclusion is possible, but the great majority of the stained and gross
preparations of eyes which had been reported as abnormal are actually quite
normal term fetal rat eyes. A standard artifact of preservation and a normal
developmental sequence were erroneously identified and reported as abnormalities.

During the course of the original studies, two-thirds of the specimens
were prepared for evaluation of skeletal morphology. The remaining one-third
was used for soft tissue evaluation and from these, some were evidently selected
for histologic preparation on the basis of a technician reporting the presence
of one of the artifacts. Coded specimens were not employed during either the
identification or selection phases of the experiment and one can observe a general
date, if you will, on which the *'findings"began to become reported as test
substance-related adverse effects. Factors such as these preclude development
of a fully documented view. However, in addition to clearly establishing that
the "effects" reported are normal and expected occurrences, I was able to further
come to the perception that the test substance actually poses no unique hazard
to the conceptus.

one cannot determine how much negative data is needed to overcome the one
misidentified positive. It is necessary in my view, however, to resolve any
lingering scientific questions that may exist. This is best achieved by subjecting
both FC95 and FM3422 to carefully controlled and executed state-of-the-art safety



Dr. Franklin D. Griffith 2 November 12, 1982

evaluations in an independent outside laboratory. I recommend that a segment
II-type of safety evaluation be made with each substance in pregnant rats.

I am confident that the compounds will prove to not be hazardous to
development. 3M Corporation is to be commended for its excellent response to
an apparent substantial risk. The concern was unwarranted and any lingering
impugnment of FC95 and FH3422 regarding developmental toxicity needs to be

removed.

Sincerely,

E. Marshall, nson, Ph.D.
Professor a Chairman
Director, Daniel Baugh Institute of Anatomy

EMJ:sp



Summary PFOS RabbitTeratology

StudyNumbers: 3M T-6295.10,Argus418-012

Compound & Lot: PFOS (Perfluorooctanesulfonate)- Lot 217,98.4% pure (SMD AnalyticalRequest

53030) AnalyticalDocumentation filedalong withfinalreport.Note - same lotas usedin two-yearrat
PFOS carcinogenicitystudy(T-6295,Covance 6329-183).

StudyTitle:Oral(Stomach Tube) DevelopmentalToxicityStudyof PFOS inRabbits

ReportDate: II January1999

Study Monitor Summary: (writtenby Marvin T. Case) Pregnantrabbitfemales,22 pergroup,were given
dailyoral(intubation)of PFOS atdose levelsof 0,0.1,1.0,2.5,and 3.75 mgtkg/day on days 7 through 20
of gestation.The rabbitfetuseswhich had been exposed inuteroduringorganogensiswere collectedatday

29 ofgestation.Allof thefetuseswere examined forsofttissue(visceral)changes usinga dissection
microscope and thenallfetuseswere examined forskeletalchanges.
A dose relatedbody weight effectoccurredinthe1.0,2.5.and 3.75mgtkg dose groups. The differencein
mean body weightswas statisticallysignificantatthe3.75 mgtkg dose. A significantreductioninfood

consumption was alsopresentatthe2.5and 3.75mgtkg doses. No compound relateddeathsoccurredat

any dose level.
Abortions occurredinone 2.5mgtkg doe, and inten3.75 mgtkg does. The abortionsatthehigh dose were
consideredto be compound related.Mean pup weights were decreasedinthe2.5 and 3.75 mg/kg groups.
The reduced food consumption and adversebody weight effectthatoccurredatthetwo highestdose levels
were indicativeof dam toxicity.The increasednumber of abortionsand reduced pup weightswere

probably secondaryto thedam toxicity.
Increasednumber of delayed ossificationsiteswere found inthe2.5and 3.75 mg/kg fetuseswhich is

anotherreflectionof matemal toxicityatthesedose levels.
No compound-related softtissueorskeletalmalformationswere found atany dose level.Thus, the

compound was not found tobe teratogenicintherabbit.
The maternaltoxicNOEL was 0.1 mgtkg.
The fetaltoxicNOEL was 1.0mg/kg.
TeratogenicNOEL in therabbitwas > 3.75 mg/kg.
NOTE: Dose preparationsamples were collectedtwiceduring thestudyand thesesamples were sentto
3M Evirommental AnalyticallaboratoryinBldg 2. Likewise,sampleswere collectedfrom extrafemales

assignedas toxicokincticsatelliteanimals (3/groupexceptlow and highdose 5/group).These animals
were killedon gestationday 21 (day afterlastdose)and thefollowingsamples were collected:serum and
liverfrom pregnantdams, fetusesand placentas(pooledby litter)from uterus.These samples were frozen
and sentto3M EvirorrunentalAnalyticallaboratoryinBldg 2. At timeof thissummary, March 1999,
analysisof thesesamples had notbeen done; therefore,theseanalyticalresultswere notincludedinthe

finalreportnor inthissummary.
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TITLE: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY
OF PFOS IN RABBITS

ARGUS RESEARCH LABORATORIES, INC.
PROTOCOL NUMBER: 418-012
SPONSOR'S STUDY NUMBER: 6295.10

1. SUMMARY AND CONCLUSION

A. Methodso

One hundred ten New Zealand White [Hra(NZW)SPF] rabbits were assigned to
each offivedosage groups (Groups IthroughV) forthe main portionofthe
study. Nineteen additionalfemale rabbitswere assigned toone offivedosage
groups forthesatellitestudy(three,five,three,threeand fiverabbitsassignedto
Groups IthroughV, respectively).The testarticle,PFOS, orvehicle,0.5%
Tween@ 80 inReverse Osmosis Membrane Processed DeionizedWater (R.O.
DeionizedWater),was administeredorally(viastomach tube)once dailyto
female rabbitson days 7 through20 ofpresumed gestation(DGs 7 through20).
Dosages of0 (Vehicle),0.1,1.0,2.5and 3.75mg/kg/day were administeredata
dosage volume of5 mukg, adjusteddailyon thebasisofindividualbody
weights.

The female rabbitswere observed forviabilityatleasttwiceeach day ofthe
study.The rabbitswere alsoexamined forclinicalobservationsofeffectsofthe
testarticle,abortions,premature deliveriesand deaths beforeand approximately
60 minutes aftereach dailyintubationduringthedosage period,and once daily
duringthe postdosage period.Body weightswere recorded on DGs 0 and 6
through29. Feed consumption valueswere recordeddailythroughoutthestudy.

Allsurvivingrabbitswere sacrificedby intravenousadministrationof
Beuthanasia&D Specialeuthanasiasolutionon DG 29 and a gross necropsy of
thethoracic,abdominal and pelvicviscerawas performed. The number of
corpora luteaineach ovarywas recorded.The uterusofeach rabbitwas

a. Detaileddescriptionsofallproceduresused inthe conduct ofthisstudy
are providedinthe appropriatesectionsofthisreportand inAPPENDIX C
(PROTOCOL AND AMENDMENT).
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examined forpregnancy,number and distributionofimplantations,liveand dead
fetusesand earlyand lateresorptions.The fetuseswere weighed,examined for
gross externalalterationsand sex. Visceralalterationsand cavitatedorgans
were evaluatedby dissection.The brainsofapproximatelyone halfofthe
fetusesineach lifterwere free-handcross-sectionedand examined insitu.All
fetuseswere eviscerated,stainedwithalizarinredS and evaluatedforskeletal
alterations.

Rabbitsinthesatellitestudywere sacrificedon DG 21. Blood samples were
collectedand centrifuged.The liverwas excised,weighed and sectioned.
Fetuses were examined grosslytotheextentpossibleas describedforrabbits
assignedtothemain study.Fetusesand placentaewere pooledperlifter.After
completionofsample collection,serum, liversection,fetaland placentalsamples
were shippedto the Sponsor foranalysis.

B. Results

Administrationofthe 2.5 and 3.75mg/kg/day dosages ofthe testarticleresulted
intenabortions(one inthe2.5mg/kg/day dosage group and nineinthe
3.75mg/kg/daydosage group).These abortionsoccurredafterthe completion
ofthedosingperiod(on DGs 22,24,25 or28). Allotherdoes survivedto
scheduled sacrifice.

Increasednumbers ofdoes inthe3.75mg/kg/day dosage group had
observationsofscantorno feces. Scant fecesalsooccurredinone and three
rabbitsinthe 1.0and 2.5mg/kg/day dosage groups,respectively.The
1.0mg/kg/day dosage group rabbitalsohad softor liquidfeceson one day. One
doe inthe 3.75mg/kg/day dosage group had red substance inthecage pan
associatedwithimpending abortion.No otherclinicalornecropsy observations
relatedtothe testarticleoccurred.

Dosage-dependent, significantbody weightreductionsorbody weight losses
occurredinthe 1.0,2.5and 3.75 mg/kg/day dosage groups fortheentiredosage
period(calculatedas DGs 7 to21). Dosage-dependent reductionsinbody
weightgainsoccurredinthe2.5and 3.75 mg/kg/day dosage groups forthe
entiregestationperiod(DGs 0 to29) and forthe gestationperiodafterthe
initiationofdosing(DGs 7 to29).Average body weightswere significantly
reduced on DGs 17 through24 inthe3.75 mg/kg/day dosage group. Absolute
(g/day)and relative(g/kg/day)feed consumptionvalueswere reduced inthe2.5
and 3.75 mg/kg/day dosage groupsfortheentiredosage period(DGs 7 to21),
and theentireperiodaftertheinitiationofdosage (DGs 7 to29).

Fetalbody weights(total,male and female)were significantlyreduced inthe2.5
and 3.75mg/kg/day dosage groups. Delays infetalossificationassociatedwith
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thesignificantlyreduced fetalbody weights inthe2.5 and 3.75 mg/kg/day
dosage groups were evidentas significantreductionsinthe lifteraverages for
ossifiedsternalcentersinthe 2.5and 3.75 mg/kg/day dosage groups and
significantreductionsinthelifteraverages forossifiedhyoidand metacarpals
and significantreductionsinthelifterand fetalincidencesofincompletely
ossifiedpubes inthe3.75 mg/kg/day dosage group.

C. Conclusion

Based on thesedata,thematernalno-observable-effect-level(NOEL) forPFOS
is0.1mg/kg/day. The 1.0mg/kg/day and higherdosages reduced maternal
body weightgain. Dosages of2.5and 3.75 mg/kg/day caused abortionsand
reduced feed consumption. The developmental NOEL is1.0mg/kglday.
Dosages of2.5and 3.75 mg/kg/day caused reductionsinfetalbody weightsand
delaysinossification.Based on thesedata,PFOS shouldnotbe identifiedas a
selectivedevelopmentaltoxicant;thecompound was notfound tobe teratogenic
inthe rabbit.

MildredS.Christian,Ph.D.,Fellow,ATS Date
ExecutiveDirectorofResearch

iwv

Alan M. Hoberman, Ph.D.,DABT Date
DirectorofResearch

G. York, D., ABT Date
Associa Directoro arch and
Study Director
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li. DESCRIPTION OF TEST PROCEDURES

A. Conduct of Study:

A.l. Spons

3M Corporate Toxicology,3M Center Building220-2E-02
St.Paul,Minnesota 55144-1000

A.2. Testing Facilily:

Argus Research Laboratories,Inc.,905 Sheehy Drive,BuildingA, Horsham,
Pennsylvania 19044-1297

A.3. Study Number:

418-012

A.4. Sponsor's Study Number:

6295.10

A.5. Purpose of the Study:

The purpose ofthisstudy was designed todetectadverse effectsof PFOS on
New Zealand White [Hra:(NZW)SPF] presumed pregnantfemale rabbitsand
development ofthe embryo and fetusconsequent toexposure ofthedoe from
implantationtoclosureofthe hard palate.Thisstudywas designed toevaluate
ICH Harmonised TripartiteGuidelinestagesC and D ofthe reproductiveprocess
ina nonrodentspecies.

A.6. Study Design:

The requirementsofthe InternationalConference on Harmonisation(ICH)
Harmonised TripartiteGuideline(')were used as the basisforstudydesign.

A.7. Regulatory-Compliance:

The studywas conducted incompliancewiththeGood LaboratoryPractice
12)(GLP) regulationsofthe U.S. Food and Drug Administration(FDA) , the

Japanese MinistryofHealthand Welfare(MHW)(1)and the European Economic
Community (EEC)(4) . There were no significantdeviationsfrom the GLP
regulationsthataffectedthequalityorintegrityofthestudy. QualityAssurance
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Unitfindingsderivedfrom the inspectionsduringthe conduct ofthisstudyare
documented and have been providedtotheStudy Directorand theTesting
Facilitymanagement.

A.8. Ownership of the Study:

The Sponsor owns the study.Allraw data,analyses,reportsand preserved
tissuesare thepropertyoftheSponsor.

A.9. Study Monitor:

MarvinT. Case, D-.V.M.,Ph.D.

A.10. AlternateStudy Monitor:

Andrew M. Seacat,Ph.D.

A.11. Study Director:

Raymond G. York,Ph.D.,DABT (AssociateDirectorofResearch)

A.12. Technical Performance:

John F.Barnett,B.S.(DirectorofLaboratoryOperations)
KristenlandolaSherer,B.S.(ResearchAssociate/FetalEvaluation)
Matthew J.Vaneman, B.S.(LaboratoryTechnician)

A.13. Report Preparation:

Raymond G. York,Ph.D.,DABT
MichelleR. Rzaca, B.S.(StudyCoordinator)
Susan K.Bradshaw, B.S.(Data Management Specialist)
Karen G. Parker,A.A. (ReportAdministrator)

A.14. Report Review:

Alan M. Hoberman, Ph.D.,DABT (DirectorofResearch)
MildredS. Christian,Ph.D.,Fellow,ATS (ExecutiveDirectorofResearch)

A.1S. Date Protocol Signed:

11 August 1998
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A.16. Dates of Technical Performance:

RabbitArrivalDate 21 AUG 98

Dosage Period[Days 7 through
20 ofpresumed gestation(DGs 7 through20)] 23 AUG 98 - 09 SEP 98

ToxicokineticSample Collection(DG 21) 06 SEP 98 - 10 SEP 98
Caesarean-SectioningPeriod(DG 29) 14 SEP 98 - 18 SEP 98

A.17. Records Maintained:

The originalreport,raw dataand reservesamples ofthetestarticleand vehicle
components are retainedinthearchivesofArgus Research Laboratories,Inc.
Any preserved tissuesareretainedinthearchivesoftheTestingFacilityforone
year afterthemailingofthe draftfinalreport,afterwhich timetheSponsor will
decidetheirfinaldisposition.Allunused testarticlesuspensions were discarded
attheTestingFacility.Unused bulktestarticlewillremain atthe TestingFacility
untilitsdispositionisdecided by theSponsor.

B. Test ArticleInformation:

B.I. Description:

PFOS - an off-whitepowder

B.2. Lot Number:

217 (Expirationdate: May 2000)

B.3. Date Received and Storage Conditions:

The testarticlewas receivedon 20 May 1998,and storedatroom temperature.
Prepared formulationswere storedrefrigerated.

B.4. Special Handling Instructions:

Standard safetyprecautions(useofprotectiveclothing,gloves,dust-mist
respirator,safetygoggles orsafetyglassesand a face-shield)were taken when
handlingthe bulktestarticleand prepared suspensions.

B.5. Analysis of P"i :

Informationregardingthepurity,identity,strengthand compositionofthetest
articleison filewiththeSponsor.
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C. Vehicle Information:

C.l. Description:

0.5% Tween(m 80 prepared using 2% TweeniD 80, a clearviscous to yellow liquid,
inReverse Osmosis Membrane Processed DeionizedWater (R.O.Deionized

Water).

C.2. Lot Number:

M03HO5

C.3. Date Received and Storage Conditions:

The 2% Tweene 80 was receivedon 8 July1998,and storedatroom
temperature. R.O. deionizedwater isavailablefrom a continuoussource atthe
TestingFacilityand ismaintainedatroom temperature.

C.4. Special Handling Instructions:

Standard safetyprecautions(use ofprotectiveclothing,gloves,dust-mist
respirator,safetygoggles orsafetyglassesand a face-shield)were takenwhen
handlingthe vehicle.

C.5. Analysis of Purily:

Neitherthe Sponsor nor the Study Directorwas aware of any potential
contaminantslikelytobe presentinthevehiclethatwould interferewiththe
resultsofthisstudy.

D. Test ArticlePreparation:

Suspensions of PFOS were prepareddailyatconcentrationsof 0,0.02,0.2,0.5
and 0.75 mg/mL. The testarticlewas considered100% pure forthe purpose of
dosage calculations.
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D.I. Sample Information:

Storage
Sample Type Components Size Date Retained Conditions Shipped To Date Shipped

Concentration N/A 2 mLa 23 AUG 9811 Frozen Sponsor 23 AUG 98
(alllevels) 09 SEP 98c 09 SEP 98

BulkTestArticle N/A 1 g 25 AUG 98 Room TestingFacility Not available
Reserve temperature Archives

TweenS 80 5 mL 25 AUG 98 Room TestingFacility Not available
temperature Archives

VehicleReserve
R.O.deionized 5 mL 25 AUG 98 Room TestingFacility Notavailable

I
water

I
temperature Archives I I

a. Duplicatesamples were takenfromeach concentration.One setofsampleswas sentforanalysis;theremaining
samples were retainedattheTestingFacilityas backups.

b. Firstday ofpreparation.
c. Lastday ofpreparation.

Homogeneity and stabilityofpreparedformulationsareon filewiththe Sponsor.

D.2. AnalyticalResults:

Concentrationsamples (2mL) were taken on thefirstand lastdays of
preparationforanalyses by 3M EnvironmentalTechnology and SafetyServices.
The resultsofthese analyseswere notavailableatthetimeofthisreport.

E. Test System:

E.I. Species:

Rabbit

E.2. Strain:

New Zealand White [Hra:(NZW)SPF]

E.3. Supplier(Source):

Covance Research Products,Inc.,Denver, Pennsylvania

E.4. Sex:

Timed-pregnantfemale
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E.5. Rationale forTest System:

The New Zealand White [Hra:(NZW)SPF] rabbitwas selectedas the Test
System because: 1)itisone non-rodentmammalian speciesaccepted and
widelyused throughoutthe industryfornonclinicalstudiesofdevelopmental
toxicity(embryo-fetaltoxicity/teratogenicity);2)thisstrainofrabbithas been
demonstratedtobe sensitivetodevelopmentaltoxins;3)historicaldata and
experienceexistattheTestingFacility(5-7);and 4)thetestarticleisbiologically
activeinthespeciesand strain.

E.6. Test System Data:

Number ofRabbits 133
Approximate Date ofBirth 21 MAR 98
Approximate Age atArrival 5 months
Weight (kg)on DG 0 2.77-4.20
Weight (kg)atArrival 2.84-4.21

E.7. Method ofRandomization:

Upon arrival,rabbitswere assignedtoindividualhousingon thebasisof
computer-generatedrandom units.Rabbitswere assignedtoone offivedosage
groups (Groups IthroughV),22 rabbitsperdosage group,forthemain portionof
thestudy.An additional19 satelliterabbitswere assigned fortoxicokinetic
evaluation;fiverabbitswere assignedtoeach ofthelow and highdosage groups
(Groups 11and V) and threerabbitswere assigned toeach ofthe remaining
dosage groups (Groups 1,111and IV).Rabbitswere assignedtodosage groups
usinga computer-generated(weight-ordered)randomizationprocedurebased on
body weightsrecorded by and attheSupplier(Covance Research Products,
Inc.)on DG 0.

E.8. System of Identification:

Cage tagswere marked withthe studynumber, permanent rabbitnumber, sex,
testarticleidentificationand dosage level.Each rabbitwas individuallyidentified
witha MoneloDself-piercingear tag (Gey Band and Tag Co.,Inc.,
No. MSPT 20103) inscribedwiththe rabbit'sdesignatedunique permanent
number.



418-012:PAGE 11-7

F. Husbandry:

F.l. Research FacililyRegistration:

USDA RegistrationNo. 23-R-099 under the Animal Welfare Act, 7 U.S.C. 2131
et seq.

F.2. Study Rooms:

The study rooms were maintained under conditionsof positiveairflowrelativeto
a hallwayand independentlysuppliedwitha minimum oftenchanges per hour of
100% freshairthathad been passed through99.97% HEPA filters(AiroCleanO
rooms). Room temperatureand humiditywere monitoredconstantlythroughout
thestudy. Room temperaturewas targetedat61 OF to72"F (160C to220C);
relativehumiditywas targetedat30% to70%.

F.3. Housing:

Rabbitswere individuallyhoused. Allcage sizesand housing conditionsare in
compliancewiththe Guide fortheCare and Use ofLaboratoryAnimals(8).

F.4. Lighting:

An automatically-controlledfluorescentlightcyclewas maintainedat 12-hours
light:12-hoursdark,witheach dark periodbeginningat 1900 hours EST.

F.S. Sanitization:

Cage pan linerswere changed approximatelythreetimeseach week. Cages
were changed approximatelyevery otherweek.

F.6. Feed:

Approximately150 g ofCertifiedRabbitChowS #5322 (PMI Nutrition
International,St.Louis,Missouri)was availabletoeach rabbiteach day untilthe
firstday ofdosage, atwhich time approximately180 g ofthesame certifiedfeed
was offeredtoeach rabbiteach day. The certifiedfeed was availablefrom
individualstainlesssteel"J-type"feedersattachedtoeach cage.
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F.7. Feed Analysis:

Analyses were routinelyperformed by thefeed supplier.No contaminants at
levelsexceeding themaximum concentrationforcertifiedfeed ordeviationsfrom
expected nutdtionalrequirementswere detectedby theseanalyses. Copies of
the resultsofthefeed analyses areavailableintheraw data.

NeithertheSponsor northe Study Directorwas aware ofany agent presentin
thefeed thatwas known to interferewiththe resultsofthisstudy.

F.8. Water:

Localwater thathad been processed by passage througha reverseosmosis
membrane (R.O.water)was availabletotherabbitsad libitumfrom individual
water bottlesand/orfrom an automaticwateringsystem (individualsippertubes).
Chlorinewas added tothe processed wateras a bacteriostat.

F.9. Water AnalyAiLs:

The processed water isanalyzed twiceannuallyforpossiblechemical
contamination(LancasterLaboratories,Lancaster,Pennsylvania)and monthly
forpossiblebacterialcontamination(AnalyticalLaboratories,Inc.,Chalfont,
Pennsylvania).Copies ofthe resultsofthewater analysesare availableinthe
raw data.

NeithertheSponsor northe Study Directorwas aware ofany agent presentin
thewater thatwas known tointerferewiththe resultsofthisstudy.
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G. Methods:

G.I. Dosage Administration:

Dosage Number of Dosage concentration Dosage Volume Assigned Ra bitNumbers

Group Rabbits (mg/kg/day) (mg/mL) (mL/kg) Main Satellite8

22+32 0 (Vehicle) 0 5 8443-8464 8553-8555

22+58 0.1 0.02 5 8465-8486 8556-8560

22+38 1.0 0.2 5 8487-8508 1 8561-8563

IV 22+38 2.5 0.5 5 8509-8530 8564-8566_

v 22+52- 3.75 0.75
1

5 8531-8552 8567-8571
11

The testarticlewas considered100% pure forthepurpose ofdosage calculations.
a. Rabbitsassignedtothetoxicokineticevaluation.

G.2. Rabonale forDosage Selection:

Dosages were selectedon thebasisofa dosage-range study(ArgusResearch
Laboratories,Inc.,Protocol418-012P).

G.3. Route of Administration:

Oral(stomach tube)

G.4. RationaleforRoute ofAdministration:

The oral(stomach tube)routewas selectedforuse because: 1)incomparison
withthedietaryroute,the exactdosage can be accuratelyadministered;and 2)it
isone ofthepossibleroutesofhuman exposure.

G.S. Freguency ofAdministration:

Appropriatedosages ofthetestarticlewere administeredorally(viastomach
tube)once dailytonaturally-bredrabbitson DGs 7 through20. Dosages of
0 (Vehicle),0.1,1.0,2.5and 3.75mg/kg/dayofthetestarticlewere administered
ata dosage volume of5 mukg, adjusteddailyon the basisofthe individualbody
weights recordedbeforeintubation.The rabbitswere intubatedatapproximately

the same timeeach day.

G.6. Length of StUdE.

Approximately4 weeks
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G.7. Method of Study Performance:

The female rabbitswere naturallybred by breeder male rabbitsofthe same
source and strainbeforeshipment totheTestingFacility.The rabbitswere
mated on fiveconsecutivedays and shipped tothe TestingFacilityon the day
afterthelastday ofmating.The day ofmatingwas consideredtobe DG 0. A
computer-generated(weight-ordered)randomizationprocedurewas used to
assignthe rabbitstofivedosage groups based on body weights recordedon
DG 0 and suppliedby Covance Research Products,Inc.

Allrabbitswere observed forviabilityatleasttwiceeach day ofthe studyand for
generalappearance severaltimesduringacclimationand on DG 0. Additional
examinationsforclinicalobservationsofeffectsofthetestarticle,abortions,
premature deliveriesand deaths were made atleastonce duringthe predosage
period,once beforeeach dailyintubationand approximately60 minutes after
intubationduringthedosage period.These observationswere alsomade once
dailyduringthe postdosage period(DGs 21 through29).

Body weightswere recorded on DGs 0 and 6 through29. Feed consumption
valueswere recordeddailythroughoutthestudy.

G.8. Gross NecropAy:

G.8.a. SatelliteRabbits Assigned toToxicokineticSample Collection:

On day 21 ofpresumed gestation(theday followingthelastdosage),
toxicokineticsamples were collectedfromthe rabbitsassigned tothe
toxicokineticevaluation.Followinganesthesiaofpentobarbital,bloodsamples
(approximately4 mL per rabbit)were collectedfrom the inferiorvena cava into
serum separatortubes and centrifuged.The resultingserum (approximately
2 mL) was immediatelyfrozenon dryiceand maintainedfrozen(-700C)until
shipment tothe Sponsor foranalysis.The liverwas excised,weighed, and a
sample was taken from the rightlaterallobe,frozenand retainedat-70'C until
shipment tothe Sponsor foranalysis.

Rabbitswere Caesarea n-sectionedand fetuseswere examined grosslyto the
furthestextent.Fetuses and placentaewere pooled per lifterand retainedfrozen
(-700C)untilshipment totheSponsor foranalysis.

Aftercompletionofsample collection,serum, liversections,fetaland placental
samples were shipped (frozenon dryice)to3M EnvironmentalTechnology and
SafetyServices,St.Paul,Minnesota,
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G.8.b.ScheduledSacrifice:

Allsurvivingrabbitsweresacrificedbyintravenousadministrationof
Beuthanasiao-D Specialeuthanasiasolutionon DG 29. The thoracic,abdominal
and pelvicvisceraofeach rabbitwere examined forgross lesions.Gross lesions
were preserved inneutralbuffered10% formalinforpossiblefutureevaluation
(withthe exceptionofparovariancysts,which are common, spontaneous lesions
inrabbits);allothertissueswere discarded.

The number ofcorporaluteaineach ovarywas recorded. The uteruswas
excisedand examined forpregnancy,number and distributionofimplantations,
earlyand lateresorptionsand liveand dead fetuses.Uterifrom does that
appeared nonpregnant were stainedwith10% ammonium sulfidetoconfirmthe
absence ofimplantationsites(').An earlyresorptionwas definedas one inwhich
organogenesiswas notgrosslyevident.A lateresorptionwas definedas one in
which theoccurrenceoforganogenesiswas grosslyevident.A livefetuswas
definedas a term fetusthatresponded tomechanical stimuli.Nonresponding
term fetusesare consideredtobe dead (therewere no dead fetuses).Dead
fetusesand lateresorptionsaredifferentiatedby the degree ofautolysispresent;
marked toextreme autolysisindicatedthatthefetuswas a lateresorption.

Each Caesarea n-deliveredfetuswas weighed, examined forgross external
alterationsand individuallyidentifiedwitha tag notingstudynumber, lifter
number, and uterinedistribution.Livefetuseswere sacrificedby an
intraperitonealinjectionofBeuthanasiao-D Special.Allfetuseswere examined
internallytoidentifysex and visceralalterations;cavitatedorgans,includingthe
brain,were evaluatedby dissection(10);and thebrainwas free-handcross-
sectioned(asinglecross-sectionwas made between theparietaland thefrontal
bones) and examined insitu.Fetalgross lesionswere preserved inneutral
buffered10% formalinforpossiblefutureevaluation.

Allfetuseswere eviscerated,stainedwithalizarinredS(")and evaluatedfor
skeletalalterations.Allskeletalpreparationswere storedin80% glycerinwith
thymol crystalsadded toretardfungalgrowth. Lateresorptionswere examined
totheextentpossible.Representativephotographsoffetalalterationsare
availableinthe raw data.

Rabbitsthatabortedwere examined on theday theobservationwas made.
Pregnancy statusand uterinecontentswere recorded.Aborted fetuseswere
examined totheextentpossible,usingthesame methods describedforfetuses.
Uteriofapparentlynonpregnant does were stainedwith10% ammonium sulfide
toconfirmthe absence ofimplantationsites(').
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G.9. StatisticalAnalyses:

The followingschematic representsthe statisticalanalyses ofthe data:

lyl2eofTes?

1.ParametriCb 11.Nonr)arametricc

A. Bartlett'sTestd A. Kruskal-WallisTest
(:!@75%ties)

F-
I

I
Significant Not Significant Significant Not Significant
at p:!@0.05 atp:50.05

I
Nonparametric AiioiyzoizpofVariance

I

Dunn's Test

F- -7
Significant Not Significant B. Fisher'sExact Test
atp:50.05 (>75% ties)

I
Dunneft's
Test

Ill.TestforProl2ortionData

VarianceTestforHomogeneity
ofthe BinomialDistribution

---------------

a. Statisticallysignificantprobabilitiesare reportedas eitheratp:50.05orp<-0.01.
b. Used onlytoanalyze datawithhomogeneity ofvariance.
c. Proportiondata are notincludedinthiscategory.
d. Test forhomogeneity ofvariance.
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ClinicalobservationandotherproportiondatawereanalyzedusingtheVariance
(12)TestforHomogeneity ofthe BinomialDistribution

Continuous data(e.g.,maternalbody weights,body weightchanges, feed
consumption valuesand lifteraverages forpercentmale fetuses,percent
resorbed conceptuses,fetalbody weights,fetalanomaly data and fetal
ossificationsitedata)were analyzed usingBartieft'sTest ofHomogeneity of

(13) (14)Variances and theAnalysisofVariance ,when appropriate[i.e.,Bartlett's
Testwas notsignificant(p>0.05)].IftheAnalysisofVariancewas significant
(p:!@0.05),Dunneft'sTeSt(15) was used toidentifythestatisticalsignificanceofthe
individualgroups. IftheAnalysisofVariancewas notappropriate[i.e.,Bartiefts
Testwas significant(p@50.05)],the Kruskal-WallisTest(")was used,when less
than orequalto75% tieswere present;when more than 75% tieswere present,
FisheesExactTest(")was used. Incases inwhich the Kruskal-WallisTest was
statisticallysignificant(p-<0.05),Dunn's Method ofMultipleComparisons(")was
used toidentifythestatisticalsignificanceoftheindividualgroups.

Count data obtainedatCaesarean-sectioningwere evaluatedusingthe
procedurespreviouslydescribedforthe Kruskal-WallisTest(").

Group Irabbit8481 had a lifterconsistingoftendead fetuses.Because such
occurrencescan abnormallyskew thedistributionofthedata,statisticalanalyses
were made withand withoutthevaluesforthisrabbitand lifter.Data forthisliter
were excluded from summarizationand statisticalanalyses;valuesare
presented on the individualtables.
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Ill. RESULTS

A. Mortalily,Abortions, Clinicaland Necropsy Observations isummary
Table 1:IndividualData - Tables 3.14 and I

A.1 Abortions

A totaloften rabbitsaborted;one inthe2.5mg/kg/day dosage group and nine**
inthe3.75mg/kglday dosage group. These abortionsoccurredafterthe
completionofthedosing period[ondays 22,24,25 or28 ofgestation(DGs 22,
24,25 or28)]and were consideredrelatedtothetestarticlebecause they
occurredatdosage-dependent incidencesinthetwo highestdosage groups. All
otherrabbitssurvivedto scheduled sacrifice.

2.5 mg/kg/day -

Doe 8517 abortedeightlateresorptionson DG 25 and was sacrificed.There
were no adverse clinicalobservationsbeforeaborting.Thisdoe lostbody weight
and feed consumption was severelyreduced afterDG 13. Necropsy revealed
eightimplantationsitesand alltissuesappeared normal. Autolysisprecluded
furtherevaluationoftheeightlateresorptions.

3.75 mg/kg/day

Doe 8534 abortedone dead fetuson DG 22 and was sacrificed.There were no
adverse clinicalobservationsbeforeaborting.Thisdoe generallylostweightand
had severelyreduced feed consumption valuesthroughoutthe study.Necropsy
revealedseven livefetusesintheuterusand alltissuesappeared normal. All
fetusesappeared normal fortheirdevelopmentalages atgrossexternaland soft
tissueexamination. Fetuses 1,2,3,4,5,6,7 and 8 had notossifiedpubes at
skeletalexamination.

Doe 8537 abortedfivelateresorptionson DG 25 and was sacrificed.The only
adverse clinicalobservationbeforeabortionwas absentfeces(DG 24). Thisdoe
generallylostweight and had severelyreducedfeed consumption values
throughoutthestudy. Necropsy revealedfiveimplantationsitesand alltissues
appeared normal. Autolysisprecludedfurtherevaluationofthefivelate
resorptions.

Doe 8538 abortedeightlateresorptionson DG 24 and was sacrificed.There
were no adverse clinicalobservationsbeforeaborting.Thisdoe generallylost
weightand had severelyreduced feed consumption valuesthroughoutthestudy.
Necropsy revealednineimplantationsitesand alltissuesappeared normal. One
conceptus was presumed cannibalizedand autolysisprecludedfurtherevaluation
oftheeightlateresorptions.

Significantlydifferentfrom thevehiclecontrolgroup value(p:50.01).
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Doe 8539 abortedseven livefetuseson DG 24 and was sacrificed.The only
adverseclinicalobservationbeforeabortionwas scantfeces (DGs 22 and 23).
This doe generallylostweightand had severelyreduced feed consumption
valuesthroughoutthestudy. Necropsy revealedseven implantationsitesand all
tissuesappeared normal. Allfetusesappeared normal fortheirdevelopmental
ages atgross externaland softtissueexamination.Fetuses 1,2,3,4,5,6 and 7
had notossifiedpubes and fetuses2 and 3 had notossifiedsternalcentraat
skeletalexamination.

Doe 8540 abortedfourdead fetuseson DG 25 and was sacrificed.There were
no adverse clinicalobservationsbeforeaborting.Thisdoe lostweightand feed
consumption valueswere severelyreduced afterDG 15. Necropsy revealed
threelivefetuses,one dead fetusesand sixlateresorptionsinthe uterus.All
tissuesappeared normal atnecropsy.Allfetusesappeared normal fortheir
developmental ages atgrossexternaland softtissueexamination.Autolysis
precludedfurtherevaluationofthesixlateresorptions.Fetuses 1,2,3,5,7,8,9,
and 10 had notossifiedpubes and fetus2 had incompletelyossifiednasalbones
and shortmaxillaeatskeletalexamination.

Doe 8542 abortedsixdead fetuseson DG 28 and was sacrificed.The only
adverse clinicalobservationbeforeabortionwas scantfeces (DGs 21 to23
and 27). Thisdoe lostweightand had severelyreducedfeed consumption after
DG 18. Necropsy revealedeightimplantationsitesand alltissuesappeared
normal. Two conceptuseswere presumed cannibalizedand allsixaborted
fetuseswere partiallycannibalized.Allfetusesappeared normal atsofttissue
examination.

Doe 8544 abortedninedead fetuseson DG 25 and was sacrificed.The only
adverse clinicalobservationbeforeabortionwas scantfeces (DGs 19 to20
and 22 to24). AfterDG 12,thisdoe lostweightand had severelyreduced feed
consumption untilsacrifice.Necropsy revealednineimplantationsitesand all
tissuesappeared normal. Allfetusesappeared normal atgrossexternaland soft
tissueexamination.Fetuses 1,2,3,4,5,6,7,8 and 9 had notossifiedpubes
and fetus3 had notossifiedsternalcentraatskeletalexamination.

Doe 8547 abortedeightlateresorptionson DG 22 and was sacrificed.The only
adverse clinicalobservationsbeforeabortionwere scantfeces (DG 18)and a red
substance inthe cage pan (DG 21). Body weightsand feedconsumption values
were reduced DGs 11 to21. Necropsy revealedeightimplantationsitesand all
tissuesappeared normal. Autolysisprecludedevaluationoftheeightlate
resorptions.

Doe 8548 abortedone dead fetuson DG 25 and was sacrificed.The only
adverse clinicalobservationbeforeabortionwas scantfeces(DGs 21 and 23
to24). Thisdoe lostweightafterDG 15 and feedconsumption was severely
reduced afterDG 17. Necropsy revealedseven livefetuses,one dead fetusand
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two lateresorptionsintheuterus.Alltissuesappeared normalatnecropsy.All
fetusesappeared normalfortheirdevelopmentalages atgrossexternaland soft
tissueexamination.The lateresorptionsappeared normal atgross external
examination;autolysisprecludedfurtherevaluation.Fetuses1,2,3,4,5,6,7,8
and 11 had notossifiedpubes atskeletalexamination.

A.2. ClinicalObservations

Increasednumbers ofdoes inthe3.75mg/kg/daydosage group had
observationsofscantorno feces;theincidenceofscantfeceswas significant
(p<0.01).Scantfecesalsooccurredinone and threerabbitsinthe 1.0and
2.5mg/kg/daydosage groupsrespectively.The 1.0mg/kg/daydosage group
rabbitalsohad softor liquidfeceson one day. One doe inthe3.75mg/kg/day
dosage group had redsubstanceinthecage pan associatedwithimpending
abortion.

Allotheradverse clinicalobservations,and any statisticallysignificant(P:!@0.01)
increasesinthe incidencesoftheseobservations,were consideredunrelatedto
thetestarticlebecause theincidenceswere notdosage-dependent. These
observationsincludedlocalizedalopeciaon the limbs,back and/orundersideand
ungroomed coat.

A.3. Necropsy Observations

VViththeexceptionofpersistentadverseclinicalobservations,no additionalgross
lesionswere identifiedatnecropsy.

B. Maternal Body Weights and Body Weight Changes (Figure1:
Summaries -Tables 3 and 4:IndividualData -Table 1§1

Maternalbody weightgainswere reducedorbody weightlossesoccurredinthe
1.0,2.5 and 3.75mg/kg/daydosage groups atmost tabulatedintervalsduringthe
dosage period;thesereductionsorbody weightlosseswere statistically
significant(p:50.05orp:50.01)inthe3.75mg/kg/daydosage group on DGs 10
to 13,13 to 16 and 16 to19.

Duringthefirstthreedays ofthepostdosageperiod(DGs 21 to24),body weight
gainscontinuedtobe reducedinthe1.0and 2.5mg/kg/daydosage groups;
significant(p@50.05)body weightlossoccurredinthe3.75 mg/kg/daydosage
groupduringthisperiod.As a resultofthesereductions,dosage-dependent,
significantbody weightreductionsorbody weightlosses(p:50.05orp:50.01)
occurredinthe 1.0,2.5and 3.75mg/kg/daydosage groups fortheentiredosage
period(calculatedas DGs 7 to21).

Dosage-dependent reductionsinbody weightgainsoccurredinthe 2.5and
3.75mg/kg/daydosage groupsfortheentiregestationperiod(DGs 0 to29)and
forthegestationperiodaftertheinitiationofdosing(DGs 7 to29; significantat
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p<0.01 inthe2.5mg/kg/daydosage group).Average body weightswere
significantlyreduced (p.-@0.05 orp.-@0.01)on DGs 17 through 24 inthe
3.75 mg/kg/day dosage group,as compared withthevehiclecontrolgroup
values.

Body weightsand body weightgainswere unaffectedby the0.1mg/kg/day
dosage ofPFOS. The significantreduction(p:50.05)inbody weightgaininthe
0.1mg/kg/day dosage group on DGs 10 to 13 was notconsideredtreatment-
relatedbecause itwas transientand notdosage-dependent.

C. Maternal Absolute (g/day)and Relative (g/kg/day) Feed Consumption
Values (Summaries -Tables 5 and 6: IndividualData -Table 17)

Absolute (g/day)and relative(g/kg/day)feed consumption values were reduced
duringthedosage-period(afterDG 10)inthe2.5and 3.75mg/kg/day dosage
groups;these reductionswere statisticallysignificant(p:50.05orp:50.01)inone or
both ofthese groups on DGs 13 to16 (relativeonly),16 to 19 and 19 to21.
Absoluteand relativefeedconsumption valuescontinuedtobe reduced inthese
two groups duringthe postdosage period;thereductionswere generally
statisticallysignificant(p:!@0.05or p:!@0.01)on DGs 21 to 24.

Refiectingthese effectsofthetestarticle,absoluteand relativefeed consumption
valueswere reduced or significantlyreduced (p:!@0.05orp:50.01)inthe 2.5 and
3.75 mg/kg/day dosage groupsfortheentiredosage period(DGs 7 to21),and
theentireperiodaftertheinitiationofdosage (DGs 7 to29).

Absolute and relativefeedconsumption valueswere unaffectedby the
1.0 mg/kg/day dosage of PFOS.

D. Caesarean -Sectioningand LifterObservations (Summaries -Tables 7
and 8:IndividualData -Tables 18 through 201

Pregnancy occurredin20 (90.9%),19 (86.4%),19 (86.4%),17 (77.3%)and
21 (95.4%)rabbitsineach dosage group. Caesarean-sectioningobservationson
DG 29 were based on 20,18,19,16 and 12 pregnantrabbitsineach ofthefive
respectivedosage groups. One and ninedoes aborted inthe2.5and
3.75 mg/kg/day dosage groups,respectively.Values forone 0.1mg/kg/day
dosage group doe (8481)thathad a lifterconsistingoftendead fetuseswere
excluded from datatabulationand statisticalanalyses;thistotallifterdeath was
consideredtobe a non testarticlerelated,spontaneous event.

Fetalbody weights(total,male and female)were significantlyreduced
(p5O.O5and p-<0.01,respectively)inthe 2.5and 3.75 mg/kg/day dosage groups,
as compared tothevehiclecontrolgroup values.There were no other
biologicallyimportantorstatisticallysignificantdifferencesinthe lifteraverages
forcorporalutea,implantations,livefetusesand earlyorlateresorptions.There
were no does withallconceptuses resorbedand allplacentaeappeared normal.
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E. Fetal Alterations(Summaries -Tables 9 through 13, IndividualData -
Table 21)

Fetalalterationswere definedas: 1)malformations (irreversiblechanges that
occur atlowincidencesinthisspeciesand strain);and 2)variations(common
findingsinthisspecies/strain,and reversibledelaysoraccelerationsin
development). Lifteraverages were calculatedforspecificfetalossificationsites
as partofthe evaluationofthe degree offetalossification.

Fetalevaluationswere based on 175,162, 152,130 and 108 DG 29 Caesarean
deliveredlivefetusesin20,18,19,16 and 12 liftersinthe0 (Vehicle),0.1,1.0,
2.5and 3.75mg/kg/day dosage groups,respectively.Allfetuseswere examined
forgrossexternal,softtissueand skeletalalterationsand fetalossificationsite
averages. Itwas alsopossibletoexamine thetendead fetusesfrom litter8481
inthe2.5mg/kg/day dosage group forgrossexternal,softtissueand skeletal
alterations.The embryonic sacs ofallofthesefetusescontaineda dark red
substance. One fetushad downward flexionoftheforelimbs,an observation
associatedwithinuterocompression (skeletalossificationnotaffected);another
fetushad angulatedhyoidalae,and two fetuseshad onlytenorsixcaudal
vertebrae..The remainingsixfetusesappeared normal.

E.I. Summary of FetalAlterations(Summary -Table 10: IndividualData -
Table 22)

Combination ofmalformationsand variationsresultedinthefollowingincidences
forfetalalterations.Inthe0 (Vehicle),0.1,1.0,2.5and 3.75mg/kg/day dosage
groups,respectively,14 (70.0%),11 (61.1%),9 (47.3%),4 (25.0%)and
8 (66.7%)liftershad fetuseswithone ormore alterationsobserved. Inthese
same respectivedosage groups,thetotalnumbers offetuseswithany identified
alterationswere 25 (14.3%),25 (15.4%),14 (9.2%),5 (3.8%)**and 19 (17.6%).
One or more alterationsoccurredinaverages of14.1%, 17.0%, 9.5%, 3.6% and
17.4% ofthefetusesper lifterinthefiverespectivedosage groups. The
significantreduction(p<0.05)inthetotalnumber offetuseswithidentified
alterationsinthe2.5mg/kg/day dosage group was notconsideredtreatment-
relatedbecause theexpected response toa toxicantwould be an increase,
ratherthana decrease,inthe number of alterations.

Delays infetalossificationassociatedwiththe significantlyreduced (p@@0.05
or p::@0.01)fetalbody weights inthe 2.5and 3.75 mg/kg/day dosage groups were
evidentas significantreductions(p:!@0.05orp:50.01)inthe lifteraverages for
ossifiedsternalcentersinthe2.5 and 3.75mg/kg/day dosage groups and
significantreductions(p@50.05or p:50.01)inthe lifteraverages forossifiedhyoid
and metacarpalsand significantreductions(p@50.01)inthe lifterand fetal
incidencesofincompletelyossifiedpubes inthe3.75mg/kg/day dosage group.

Significantlydifferentfrom the vehiclecontrolgroup value (p@@0.01).
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Allotherfetalgross external,softtissueand skeletalalterations(malformations
and variations)were consideredunrelatedtothetestarticlebecause: 1)the
incidenceswere notdosage-dependent;and/or2)the incidenceswere within
ranges observed historicallyattheTestingFacility'.

E.2. FetalGross ExternalAlterations(Summa[y -Table 10;Individual
5-ata-Table 21)

E.2.a.Malformations

The firstdigitwas absent on bothforelimbsforvehiclecontrolgroup fetus
8448-1. Skeletalexaminationofthisfetusrevealedabsent lstmedialand distal
phalanges and lstmetacarpalon bothforelimbs.No additionalalterations
occurred inthisfet-us.

E.2.b.Variations

One fetus(8473-6)ina 0.1mg/kg/daydosage group lifterand anotherfetus
(8543-3)ina 3.75 mg/kg/day dosage group lifterhad downward flexedforepaws,
an observationassociatedwithinuterocompression. Skeletalexaminationof
fetus8543-3 revealeda variationinskullossification(holeintheparietalbone).
Fetus 8473-6 had no additionalalterations.

E.3. FetalSoftTissue Alterations(Summary -Table 11,IndividualData
Table 21)

E.3.a.Malformations

No softtissuemalformationswere observed.

E.3.b.Variations

E.3.b.l.Eyes

One controldosage group fetus(8449-6)had a circumcornealhemorrhage ofthe
lefteye,a variationgenerallyattributabletotrauma duringprocessing.Skeletal
evaluationofthisfetusrevealedvariationsinossificationoftheskulland hyoid
(irregularnasal-frontalsutureand angulatedalae).

a. See APPENDIX E (HISTORICAL CONTROL DATA).
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E.3.b.2.Lungs

The intermediatelobe ofthe lungs was absent in2,7**,1,0 and 1 fetuses from
2,4, 1,0 and 1 liftersinthe0 (Vehicle),0.1,1.0,2.5ad 3.75mg/kg/day dosage
groups,respectively.Two ofthe0.1mg/kg/day dosage group fetuses(8476-8,
8483-4)alsohad fused 3rdand 4thsternalcentra.

The significantincrease(p.-@0.01)inthe fetalincidenceofthisobservationinthe
0.1mg/kg/day dosage group was notconsideredrelatedtothetestarticle
because: 1)thisvariationinlungdevelopment isfrequentinthisrabbitstrain
2)thefetaland lifterincidencesarewithinthe historicalranges oftheTesting
Facility,3)itwas notdosage-dependent;and 4) itwas notsignificantlyincreased
forthe unitof measurement, the lifter.

E.4. FetalSkeletalAlterations(Summaries -Tables 12 and 13: Individual
Data -Table 21)

E.4.a.Malformations

E.4.a.l.Thoracic Vertebrae/Ribs

Interrelatedvertebral/ribmalformationsor malformationsofonlythe ribsoccurred
inone,threeand one fetusesinthe0 (Vehicle),0.1and 1.0mg/kg/day dosage
groups,respectively.These typesofvertebral/ribmalformationsare relatively
common atmaternallytoxicdosages inrabbitsand generallyconsideredtobe

(20)secondary tomaternalstress

Fetus8452-1 inthevehiclecontrolgroup had a lefthemivertebrapresentas the
3rdthoracicvertebraand'a split2nd leftrib.Thisfetusalsohad asymmetric lst
to3rdsternalcentraand an angulatedhyoidala.Fetus 8476-1 inthe
0.1 mg/kg/day dosage group had fused centraofthe 11thand 12ththoracic
vertebraeand a bifidcentrum ofthe 12ththoracicvertebra,and itsliftermate,
fetus8476-7,had fused 5thand 6thribsas the onlyalteration.Fetus 8485-2 in
the 0.1 mg/kg/day dosage group had a smallleftarchofthe 11ththoracic
vertebra,fused leftcentraofthe 11thand 12ththoracicvertebraeand proximate
bases ofthe 10thand 1lthleftribs.Fetus8500-3 inthe1.0mg/kg/day dosage
group had split8th rightand 7thleftribsas theonlyalteration.

E.4.a.2.Lumbar Vertebrae

Fetus8500-8 had a lefthemivertebrapresentas the 1stlumbar vertebraand a
bifidcentrum ofthe 2nd lumbarvertebra.

Significantlydifferentfrom thevehiclecontrolgroup value(p:50.01).
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E.4.a.3.Metacarpals/Phalanges

The lstmedial and distalphalanges and lstmetacarpal on both forelimbswere
absentforvehiclecontrolgroup fetus8448-1 thathad missingfirstdigitsat
externalexamination.

E.4.b.Variations

E.4.b.i.Skull

Common smallirregularitiesinossificationofthe skull(19)[thepresence of small
ossificationsiteswithinthe suturesorcalvaria(nasal,frontalorparietalbones)
and/orirregularshaping or fusionofthe bones] occurredin7, 9,3, 1* and 10**
fetusesin6,7,3,1 and 3 liftersinthe0 (Vehicle),0.1,1.0,2.5and
3.75 mg/kg/day dosage groups,respectively.Irregularossificationofthenasal
bones (irregularnasal-frontalsuture,fused,internasal,midlinesuturedisplaced
and intranasal)were themost common ofthesesmallirregularitiesinskull
ossification,occurringin6,9,3,1 and 1 fetusesin5,7,3,1 and 1 littersinthe
fiverespectivedosage groups.

The significantreduction(p@50.05)inthe fetalincidenceofvariationsinskull
ossificationinthe 2.5mg/kg/day dosage group was consideredunrelatedtothe
testarticlebecause theexpected effectofa toxicantwould be an increasein
delayedskullossification,ratherthan a decrease. The significantincrease
(p@50.01)inthe fetalincidenceofvariationsinskullossificationinthe
3.75mg/kg/day dosage group was consideredtoreflectthesignificantly
increased(p@50.01)fetalincidenceofhole(s)intheparietaland unrelatedtothe
testarticle,as discussed below. The fetalincidenceofnasalmidlinesuture
displacedwas significantlyincreased(p:50.01)inthe0.1mg/kg/day dosage
group butwas consideredunrelatedtothetestarticlebecause: 1)itwas not
dosage-dependent; and 2)thelitterincidencewas notsignificantlyincreased.

The fetalincidenceofa holeintheparietalwas significantlyincreased(p:@0.01)in
the3.75mg/kg/day dosage group. Thisincreasewas consideredunrelatedto
thetestarticlebecause theobservationoccurredinseven fetusesfrom onlyone
highdosage group lifter(8543-1,-3,-4,-5,-6,-8and -10),so thelitterincidence,
the more relevantparamete@1),was not significant.Two ofthe fetusesinthis
lifteralsohad notossifiedpubes; allotherfetuseshad no additionalalterations

One 0.1mg/kg/day dosage group fetus(8471-1)had unossifiedpremaxillaeas
theonlyalteration.

Significantlydifferentfrom the vehiclecontrolgroup value(p:@0.05).
Significantlydifferentfrom the vehiclecontrolgroup value(p@50.01).
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E.4.b.2.Hyoid

One or both alaeofthe hyoid were angulated in10,4,7, 3 and 5 fetuses in6, 3,
3,2 and 3 liftersinthe0 (Vehicle),0.1,1.0,2.5and 3.75mg/kg/day dosage
groups,respectively.One fetus(8452-1)inthevehiclecontrolgroup alsohad
vertebral/ribmalformationsand asymmetric lstto3rdsternalcentra,as
previouslydescribed.

E.4.b.3.Vertebrae

E.4.b.3.a.Cervical

One 0.1 mg/kg/day dosage group fetushad unilateralossificationofthe centrum
ofthe2nd cervicalvertebraeas theonlyalteration.

E.4.b.3.b.Thoracic

One vehiclecont
'
rolgroup fetushad unilateralossificationofthecentrum ofthe

5ththoracicvertebraeas theonlyalteration.

E.4.b.3.c.Lumbar

Bifidcentrum ofa lumbar vertebraoccurredinone fetusinthe 1.0and
3.75 mg/kg/day dosage groups,respectively.Fetus 8500-8 inthe 1.0mg/kg/day
dosage group alsohad a hemivertebrapresentas a lumbar vertebra,as
previouslydescribed.The fetusinthe3.75mg/kg/day dosage group had no
additionalalterations.

E.4.b.3.d.Caudal

A misaligned17thcaudal vertebraoccurredinone vehiclecontrolgroup fetusas
the onlyalteration.

E.4.b.4.Ribs

Cervicalribswere presentatthe7thcervicalvertebraforone fetusineach ofthe
0 (Vehicle)and 2.5mg/kg/day dosage groups. No additionalalterationsoccurred
inthesefetuses.

Thickened areas intwo orthreeribsoccurredinone vehiclecontrolgroup fetus
(8456-4)and one 1.0mg/kg/daydosage groupfetus(8493-7).No other
alterationsoccurredinthese fetuses.
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E.4.b.5.Sternum

Fused 3rd and 4th sternalcentraoccurred as the onlyskeletalalterationin2 and
3 fetusesfrom differentliftersinthe0 (Vehicle)and 0.1mg/kg/day dosage
groups,respectively.

Fetus 8452-1 inthevehiclecontrolgroup had asymmetric lstto3rdsternal
centra.Thisfetusalsohad vertebral/ribmalformationsand an angulated hyoid
ala,as previouslydescribed.

E.4.b.6.Pelvis

Four**fetusesfrom two**3.75 mg/kg/daydosage group liftershad incompletely
ossifiedpubes. Two ofthese fetusesalsohad a variationinskullossification
(holeinparietal),as describedpreviously.The significantincrease(p:50.01)in
thefetaland lifterincidencesofthisobservationwas considereda testarticle
relateddelayinossificationand to reflectthe significantlyreduced (p@50.01)fetal
body weightsinthisdosage group.

E.4.b.7.FetalOssificationSiteAverages

The average numbers ofossificationsitesper fetuswere significantlyreduced
(p:50.05orp:50.01)inthe 3.75mg/kg/day dosage group forhyoid,sternalcenters
and metacarpals.The average numbers ofossifiedsternalcenterswere also
significantlyreduced (p:@0.01)inthe2.5mg/kg/day dosage group,as compared
withthevehiclecontrolgroup value.The valueswere below the ranges
observed historicallyattheTestingFacility.These delaysinossificationwere
consideredeffectsofthetestarticleassociatedwiththesignificantlyreduced
(p:!@0.05orp:!@0.01)fetalbody weights inthese dosage groups.

The average numbers ofossificationsitesinthevertebrae(cervical,thoracic,
lumbar,sacraland caudal),ribs,sternum(manubrium and xiphoid),forelimbs
(carpalsand phalanges)and hindlimbs(tarsals,metatarsalsand phalanges)
occurredatsimilarincidencesinliftersinalldosage groups and didnot
significantlydiffer.

F. SatelliteRabbits (IndividualData - Tables 14 through 20)

Allrabbitsinthe satellitedosage groups survivedto scheduled sacrifice.There
were no adverse clinicalobservationsinthese does. Patternsofbody weight
gainand feed consumption were comparable tothe rabbitsinthemain studyat
thesame dosage levels.Only one rabbitinthe3.75 mg/kg/day dosage group
was notpregnantatCaesarean-sectioningon DG 21. Caesarean-sectioningand
lifterparameters were comparable among thefivedosage groups. There was
nota reductioninfetalbody weightsatthe2.5and 3.75 mg/kg/day dosages as

Significantlydifferentfrom thevehiclecontrolgroup value (p:50.01).
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was observed forthe main studyrabbits.Alldoes appeared normal atnecropsy.
Average liverweightsforpregnantdoes were 140.5± 29.2,127.1 ± 15.2,
123.9± 33.2,115.7± 5.7and 90.7± 22.2 inthe0 (Vehicle),0.1,1.0,2.5 and
3.75mg/kg/day dosage groups,respectively.The data forrabbitsassigned to
the satelliteportionofthe studyareprovidedinindividualtablesonly.
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PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 1 (PAGE 1): CLINICAL AND NECROPSY OBSERVATIONS - SUMMARY

-----------------------------------------------------------------------------------------------------------------
DOSAGE GROUP 1 11 111 IV
DOSAGE (MG/KG/DAY)a 0 (VEHICLE) 0.1 1.0 2.5
-----------------------------------------------------------------------------------------------------------------

MAXIMUM POSSIBLE INCIDENCE 506/ 22 506/ 22 506/ 22 502/ 22

ABORTED 0 0 0 lb

SCANT FECES 0/ 0 0/ 0 2/ 1 S/ 3

NO FECES 0/ 0 0/ 0 0/ 0 0/ 0

RED SUBSTANCE IN CAGE PAN 0/ 0 0/ 0 o/ o 0/ 0

LOCALIZED ALOPECIA: TOTAL 0/ 0 ll/ 3** 14/ 5** 4/ 2
LIMBS 0/ 0 8/ 2 7/ 2 3/ 2
BACK 0/ 0 3/ 1 6/ 2 1/ 1
UNDERSIDE 0/ 0 0/ 0 1/ 1 0/ 0

UNGROOMED COAT 0/ 0 4/ 2 3/ 1 5/ 1

SOFT OR LIQUID FECES o/ o 0/ 0 1/ 1 o/ o

WITH THE EXCEPTION OF PERSISTENT ADVERSE CLINICAL OBSERVATIONS, NO ADDITIONAL GROSS LESIONS WERE IDENTIFIED
-----------------------------------------------------------------------------------------------------------------

STATISTICAL ANALYSES OF CLINICAL OBSERVATION DATA WERE RESTRICTED TO THE NUMBER OF RABBITS WITH OBSERVATIONS.
MAXIMUM POSSIBLE INCIDENCE - (DAYS x RABBITS)/NUMBER OF RABBITS EXAMINED PER GROUP ON DAYS 7 THROUGH 29 OF PRES
NIN = TOTAL NUMBER OF OBSERVATIONS/NUMBER OF RABBITS WITH OBSERVATION,
a. Dosage occurred on days 7 through 20 of presumed gestation.
b. Doe 8517 aborted on day 25 of gestation.
c. Doe 8534 aborted on day 22 of gestation.
d. Doe 8537 aborted on day 25 of gestation.
e. Doe 8538 aborted on day 24 of gestation.
f. Doe 8539 aborted on day 24 of gestation.
g. Doe 8540 aborted on day 25 of gestation.
h. Doe 8542 aborted on day 28 of gestation.
i. Doe 8544 aborted on day 25 of gestation.
J. Doe 8547 aborted on day 22 of gestation.
k. Doe 8548 aborted on day 25 of gestation.

Significantly different from the vehicle control group value (p@S0.01).



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER

TABLE 2 (PAGE 1): UTERINE CONTENTS AND LITTER DATA FOR INDIVIDUAL RAJ3BITS THAT ABORTED

----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP RABBIT CORPORA LUTEA IMPLANTATIONS FETUSES b

DOSAGE (MG/KG/DAY)a NUMBER DAY OF DEATH R L T R L T R L A T R
----------------------------------------------------------------------------------------------------------------

I
0 (VEHICLE)

0.1

III
1.0

IV
2.5 8517 ABORTED ON DAY 25 6 3 9 5 3 8 0 0 0 0 0

OF GESTATION
----------------------------------------------------------------------------------------------------------------

R - RIGHT L - LEFT A - ABORTED T = TOTAL
a. Dosage occurred on days 7 through 20 of gestation.
b. Conceptuses appeared normal for developmental ages.
c. Late resorption unless otherWiBe noted.



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBE

TABLE 2 (PAGE 2): UTERINE CONTENTS AND LITTER DATA FOR INDIVIDUAL RABBITS THAT ABORTED

---------------------------------------------------------------------------------------------------------------

DOSAGE GROUP RABBIT CORPORA LUTEA IMPLANTATIONS FETUSES b
DOSAGE (MG/KG/DAY)a NUMBER DAY OF DEATH R L T R L T R L A T R
---------------------------------------------------------------------------------------------------------------

v
3.75 8534 ABORTED ON DAY 22 5 4 9 5 3 8 5 2 1 8 0

OF GESTATION

8537 ABORTED ON DAY 25 4 2 6 3 2 5 0 0 0 0 0
OF GESTATION

8538 ABORTED ON DAY 24 5 5 10 5 4 9 0 0 0 0 0
OF GESTATION

8539 ABORTED ON DAY 24 4 3 7 4 3 7 0 0 7 7 0
OF GESTATION

8540 ABORTED ON DAY 25 6 8 14 6 8 14 0 4 4 8 2
OF GESTATION

8542 ABORTED ON DAY 28 4 5 9 4 4 8 0 0 6 6e 0
OF GESTATION

8544 ABORTED ON DAY 25 4 5 9 4 5 9 0 0 9 9 0
OF GESTATION

8547 ABORTED ON DAY 22 5 3 a 5 3 8 0 0 0 0 0
OF GESTATION

8548 ABORTED ON DAY 25 5 7 12 4 7 11 3 5 1 9 0
OF GESTATION

---------------------------------------------------------------------------------------------------------------

R = RIGHT L = LEFT A = A.BORTED T = TOTAL
a. Dosage occurred on days 7 through 20 of gestation.
b. Conceptuses appeared normal for developmental ages.
C. Late resorptions unless otherwise noted.

d. One aborted conceptus was presumed to have been cannibalized.
e. Two aborted conceptuses were presumed to have been cannibalized.



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 3 (PAGE 1): MATERNAL BODY WEIGHTS - SUMMARY

----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP I ii III IV
DOSAGE (MG/KG/DAY)a 0 (VEHICLE) 0.1 1.0 2.5
----------------------------------------------------------------------------------------------------------------

RABBITS TESTED N 22 22 22 22

PREGNANT N 20 19 19 17

INCLUDED IN ANALYSES N 20 18b 19 17

MATERNAL BODY WEIGHT (KG)

DAY 0 MEAN+S.D. 3.34 + 0.26 3.33 + 0.27 3.36 + 0.27 3.38 + 0.23

DAY 7 MEA.N+S.D. 3.38 + 0.29 3.43 + 0.22 3.47 + 0.23 3.51 + 0.23

DAY a MEAN+S.D. 3.42 + 0.30 3.48 + 0.23 3.50 + 0.22 3.54 + 0.25

DAY 9 MEAN+S.D. 3.43 + 0.30 3.50 + 0.23 3.49 + 0.22 3.56 + 0.24

DAY 10 MEAN+S.D. 3.45 + 0.27 3.52 + 0.23 3.50 + 0.24 3.56 + 0.25

DAY 11 MEAN+S.D. 3.50 + 0.27 3.52 + 0.25 3.53 + 0.24 3.56 + 0.24

DAY 12 MEAN+S.D. 3.53 + 0.29 3.54 + 0.28 3.56 + 0.24 3.58 + 0.28

DAY 13 MEAN+S.D. 3.54 + 0.29 3.55 + 0.25 3.60 + 0.24 3.61 + 0.27

DAY 14 MEAN+S.D. 3.59 + 0.30 3.60 + 0.25 3.64 + 0.26 3.63 + 0.26

DAY 15 MEAN+S.D. 3.62 + 0.29 3.62 + 0.25 3.66 + 0.26 3.67 + 0.28

DAY 16 MEAN+S.D. 3.65 + 0.26 3.64 + 0.27 3.69 + 0.25 3.67 + 0.29

DAY 17 MEAN+S.D. 3.66 + 0.27 3.65 + 0.24 3.69 + 0.25 3.65 + 0.28

DAY 18 MEAN+S.D. 3.69 + 0.28 3.69 + 0.24 3.71 + 0.25 3.66 + 0.29

.DAY 19 MEAN+S.D. 3.72 + 0.28 3.69 + 0.25 3.72 + 0.24 3.67 + 0.29

DAY 20 MEAN+S.D. 3.74 + 0.28 3.73 + 0.24 3.75 + 0.24 3.69 + 0.31
---------------------------------------------------------------------------------------------------------------

DAY - DAY OF GESTATION
a. Dosage occurred on days 7 through 20 of gestation.
b. Excludes values for doe 8481, which had a litter that consisted of ten dead fetuses

Significantly different from the vehicle control group value (p@S0.05).
Significantly different from the vehicle control group value (p@0.01).
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TABLE 3 (PACE 2): MATERNAL BODY WEIGHTS - SUMMARY

---------------------------------------------------------------------------------------------------------------

DOSAGE GROUP I ii III IV
DOSAGE (Mr,/KG/DAY)a 0 (VEHICLE) 0.1 1.0 2.5
---------------------------------------------------------------------------------------------------------------

RABBITS TESTED N 22 22 22 22

PREGNANT N 20 19 19 17

INCLUDED IN ANALYSES N 20 18b 19 17

14ATERNAL BODY WEIGHT (KG)

DAY 21 MEAN+S.D. 3.77 + 0.28 3.76 + 0.24 3.77 + 0.24 3.71 + 0.31

DAY 22 MEAN+S.D. 3.79 + 0.29 3.79 + 0.25 3.80 + 0.25 3.71 + 0.33

DAY 23 MEAN+S.D. 3.82 + 0.30 3.82 + 0.25 3.82 + 0.24 3.72 + 0.33

DAY 24 MEAN+S.D. 3.85 + 0.31 3.85 + 0.28 3.84 + 0.26 3.74 + 0.35

DAY 25 MEAN+S.D. 3.88 + 0.32 3.86 + 0.28 3.88 + 0.26 3.81 + 0.29
[ 16]c

DAY 26 MEAN+S.D. 3.91 + 0.34 3.88 + 0.29 3.88 + 0.26 3.80 + 0.29
[ 16]c

DAY 27 MEAN+S.D. 3.91 + 0.35 3.89 + 0.30 3.88 + 0.25 3.80 + 0.29
f 16)c

DAY 28 MEAN+S.D. 3.91 + 0.35 3.93 + 0.30 3.90 + 0.26 3.82 + 0.28
1 16]c

DAY 29 MEAN+S.D. 3.94 + 0.36 3.93 + 0.30 3.92 + 0.26 3.86 + 0.28
16]c

--------------------------------------------------------------------------------------------------------------

DAY = DAY OF GESTATION
[ I = NUMBER OF VALUES AVERAGED
a. Dosage occurred on days 7 through 20 of gestation.
b. Excludes values for doe 8481, which had a litter that consisted of ten dead fetuses.

c. Excludes values for rabbits that aborted.
Significantly different from the vehicle control group value (p@E0.01).
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TABLE 4 (PAGE 1): MATERNAL BODY WEIGHT CHANGES - SUMMARY

----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP I ii III IV
DOSAGE (MG/KG/DAY)a 0 (VEHICLE) 0.1 1.0 2.5
----------------------------------------------------------------------------------------------------------------

RABBITS TESTED N 22 22 22 22

PREGNANT N 20 19 19 17

INCLUDED IN ANALYSES N 20 lob 19 17

MATERNAL BODY
WEIGHT CHANGE (KG)

DAYS 0 - 7 MEAN+S.D. +0.04 + 0.13 +0.10 + 0.13 +0.11 + 0.08 +0.12 + 0.08

DAYS 7 - 10 MEAN+S.D. +0.07 + 0.07 +0.08 + 0.06 +0.03 + 0.06 +0.05 + 0.06

DAYS 10 - 13 MEAN+S.D. +0.09 + 0.08 +0.03 + 0.07* +0.10 + 0.05 +0.06 + 0.07

DAYS 13 - 16 MEAN+S.D. +0.11 + 0.09 +0.09 + 0.07 +0.08 + 0.05 +0.05 + 0.09

DAYS 16 - 19 MEAN+S.D. +0.06 + 0.09 +0.05 + 0.08 +0.03 + 0.06 +0.00 + 0.06

DAYS 19 - 21 MEAN+S.D. +0.05 + 0.03 +0.07 + 0.07 +0.05 + 0.04 +0.04 + 0.03

DAYS 21 - 24 MEAN+S.D. +0.09 + 0.05 +0.09 + 0.06 +0.07 + 0.05 +0.04 + 0.08

DAYS 24 - 29 MEAN+S.D. +0.08 + 0.11 +0.08 + 0.09 +0.08 + 0.08 +0.06 + 0.14
[ 16]c

DAYS 7 - 21 MEAN+S.D. +0.38 + 0.10 +0.33 + 0.09 +0.30 + 0.08* +0.20 + 0.17**

DAYS 21 - 29 MEAN+S.D. +0.17 + 0.13 +0.17 + 0.12 +0.15 + 0.07 +0.11 + 0.15
t 16)c

DAYS 7 - 29 MEAN+S.D. +0.55 + 0.18 +0.50 + 0.16 +0.45 + 0.12 +0.34 + 0.16**

[ 16)c
DAYS 0 - 29 MEAN+S.D. +0.59 + 0.21 +0.60 + 0.13 +0.56 + 0.13 +0.46 + 0.14

( 16]c
----------------------------------------------------------------------------------------------------------------

DAYS = DAYS OF GESTATION
( I = NUMBER OF VALUES AVERAGED
a. Dosage occurred on days 7 through 20 of gestation.
b. Excludes values for doe 8481, which had a litter that consisted of ten dead fetuses.
C. Excludes values for rabbits that aborted.

Significantly different from the vehicle control group value (p<0.05).
Significantly different from the vehicle control group value (p@io.01).
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TABLE 5 (PAGE 1): MATERNAL ABSOLUTE FEED CONSUMPTION VALUES (G/DAY) - SUMMARY

----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP I ii III IV

DOSAGE (MG/KG/DAY)a 0 (VEHICLE) 0.1 1.0 2.5
----------------------------------------------------------------------------------------------------------------

RABBITS TESTED N 22 22 22 22

PREGNANT N 20 19 19 17

INCLUDED IN ANALYSES N 20 18b 19 17

MATERNAL FEED
CONSUMPTION (G/DAY)

DAYS 7 - 10 MEAN+S.D. 142.6 + 50.4 171.3 + 19.1 161.2 + 22.8 161.2 + 18.9
1 lelc

DAYS 10 - 13 MEAN+S.D. 149.7 + 35.7 142.0 + 47.8 158.8 + 24.0 142.6 + 35.9

DAYS 13 - 16 MEAN+S.D. 162.3 + 24.5 158.1 + 35.7 162.8 + 36.6 143.0 + 45.8

DAYS 16 - 19 MEAN+S.D. 177.5 + 11.6 175.2 + 12.8 163.0 + 33.7 145.6 + 43.4**
[ 17]c

DAYS 19 - 21 MEAN+S.D. 173.6 + 19.9 180.1 + 7.0 170.2 + 20.5 146.1 + 45.5
[ 17]C

DAYS 21 - 24 MEAN+S.D. 160.9 + 32.5 165.2 + 20.7 160.2 + 25.3 130.4 + 41.0

DAYS 24 - 29 MEAN+S.D. 124.5 + 40.5 135.5 + 38.7 131.3 + 33.6 112.8 + 37.2
[ 16]d

DAYS 7 - 21 MEAN+S.D. 160.2 + 20.5 163.3 + 20.8 162.9 + 20.7 147.8 + 28.8
[ 17]c

DAYS 21 - 29 MEAN+S.D. 138.4 + 34.8 146.9 + 29.2 142.1 + 24.8 120.7 + 29.3
( 16]d

DAYS 7 - 29 MEAN+S.D. 152.4 + 21.7 157.8 + 21.2 155.3 + 16.6 141.0 + 20.5
t 16]d

----------------------------------------------------------------------------------------------------------------

DAYS = DAYS OF GESTATION
[ I = NUMBER OF VALUES AVERAGED

a. Dosage occurred on days 7 through 20 of gestation.
b. Excludes values for doe 8481, which had a litter that consisted of ten dead fetuses.
c. Excludes values that were associated with spillage or wet feed.
d. Excludes values for rabbits that aborted.
** Significantly different from the vehicle control group value (plO.01).
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TABLE 6 (PAGE 1): MATERNAL RELATIVE FEED CONSUMPTION VALUES (G/KG/DAY) - SUMMARY

---------------------------------------------------------------------------------------------------------------

DOSAGE GROUP I ii III IV
DOSAGE (MG/KG/DAY)a 0 (VEHICLE) 0.1 1.0 2.5
---------------------------------------------------------------------------------------------------------------

RABBITS TESTED N 22 22 22 22

PREGNANT N 20 19 19 17

INCLUDED IN ANALYSES N 20 18b 19 17

MATERNAL FEED
CONSUMPTION (G/KG/DAY)

DAYS 7 - 10 MEAN+S.D. 41.4 + 14.5 49.1 + 4.2 46.0 + 6.5 45.5 + 4.5
[ 18]c

DAYS 10 - 13 MEAN+S.D. 42.5 + 9.1 39.9 + 12.8 44.8 + 6.9 39.6 + 8.7

DAYS 13 - 16 MEAN+S.D. 45.1 + 6.5 43.7 + 9.1 44.5 + 9.7 39.0 + 11.8

DAYS 16 - 19 MEAN+S.D. 48.4 + 3.9 47.8 + 3.7 44.1 + 9.4 39.3 + 11.2**
( 17]c

DAYS 19 - 21 MEAN+S.D. 46.6 + 5.8 48.5 + 3.4 45.5 + 5.7 39.1 + 11.6*
[ 17]c

DAYS 21 - 24 MEAN+S.D. 42.3 + 8.0 43.3 + 4.2 42.1 + 6.6 34.6 + 9.3*

DAYS 24 - 29 MEAN+S.D. 31.7 + 9.0 34.5 + 8.6 33.9 + 8.9 29.5 + 9.3
( 16]d

DAYS 7 - 21 MEAN+S.D. 44.8 + 5.1 45.4 + 4.6 45.1 + 5.8 40.6 + 6.4
[ 17]C

DAYS 21 - 29 MEAN+S.D. 35.7 + 7.8 37.9 + 6.0 36.9 + 6.6 31.7 + 6.8
( 16]d

DAYS 7 - 29 MEAN+S.D. 41.4 + 4.9 42.7 + 4.1 42.0 + 4.6 38.1 + 4.0*
[ 16]d

---------------------------------------------------------------------------------------------------------------

DAYS = DAYS OF GESTATION
[ I = NUMBER OF VALUES AVERAGED
a. Dosage occurred on days 7 through 20 of gestation.
b. Excludes values for doe 8481, which had a litter that consisted of ten dead fetuses.
c. Excludes values that were associated with spillage or wet feed.
d. Excludes values for rabbits that aborted.

Significantly different from the vehicle control group value (p@S0.05).
Significantly different from the vehicle control group value (p<0.01).
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TABLE 7 (PAGE 1): CAESAREAN-SECTIONING OBSERVATIONS - SUMMARY

----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP I ii III IV
DOSAGE (MG/KG/DAY)a 0 (VEHICLE) 0.1 1.0 2.5
----------------------------------------------------------------------------------------------------------------

RABBITS TESTED N 22 22 22 22

PREGNANT N (1;) 20( 90.9) 19( 86.4) 19( 86.4) 17( 77.3)
ABORTED N(t) 0( 0.0) 0( 0.0) o( o.o) 1( 5.9)

RABBITS PREGNANT AND
CAESAREAN-SECTIONED
ON DAY 29 OF GESTATION N 20 19 19 16

INCLUDED IN ANALYSES N 20 18b 19 16

CORPORA LUTEA MEAN+S.D. 10.B + 2.5 10.9 + 2.5 10.5 + 2.3 10.4 + 2.2

IMPLANTATIONS MEAN+S.D. 9.0 + 2.2 9.1 + 1.9 8.4 + 1.8 8.4 + 1.8

LITTER SIZES MEAN+S.D. 8.8 + 2.2 9.0 + 2.0 8.0 + 1.9 8.1 + 1.8

LIVE FETUSES N 175 162 152 130
MEAN+S.D. 8.8 + 2.2 9.0 + 2.0 8.0 + 1.9 8.1 + 1.6

DEAD FETUSES N 0 0 0 0

RESORPTIONS MEAN+S.D. 0.2 + 0.4 0.1 + 0.3 0.4 + 0.8 0.2 + 0.4

EARLY RESORPTIONS N 3 2 2 2
MEAN+S.D. 0.2 + 0.4 0.1 + 0.3 0.1 + 0.3 0.1 + 0.3

LATE RESORPTIONS N 1 0 5 2
MEAN+S.D. 0.0 + 0.2 0.0 + 0.0 0.3 + 0.7 0.1 + 0.3

DOES WITH ANY RESORPTIONS N(t) 4( 20.0) 2( 11.1) 5( 26.3) 4( 25.0)

DOES WITH ALL CONCEPTUSES
RESORBED N(Pi) 0 0 0 0

DOES WITH VIABLE FETUSES N(%) 20(100.0) 18(loo.0) 19(100.0) 16(loo.0)

PLACENTAE APPEARED NORMAL N(!k) 20(100.0) 18(loo.0) 19(100.0) 16(100.0)
----------------------------------------------------------------------------------------------------------------

a. Dosage occurred on days 7 through 20 of gestation.
b. Excludes values for doe 8481, which had a litter that consisted of ten dead fetuses.
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TABLE 8 (PAGE 1): LITTER OBSERVATIONS (CAESAREAN-DELIVERED FETUSES) - SUMMARY

----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP 1 11 111 IV

DOSAGE (MG/KG/DAY)a 0 (VEHICLE) 0.1 1.0 2.5
----------------------------------------------------------------------------------------------------------------

LITTERS WITH ONE OR
MORE LIVE FETUSES N 20 is 19 16

IMPLANTATIONS MEAN+S.D. 9.0 + 2.2 9.1 + 1.9 8.4 + 1.8 8.4 + 1.8

LIVE FETUSES N 175 162 152 130
MEAN+S.D. 8.8 + 2.2 9.0 + 2.0 8.0 + 1.9 8.1 + 1.8

LIVE MALE FETUSES N 87 74 71 66

% LIVE MALE
FETUSES/LITTER MEAN+S.D. 50.4 + 15.1 45.8 + 19.2 45.6 + 18.0 50.2 + 14.1

LIVE FETAL BODY WEIGHTS
(GRAMS)/LITTER MEAN+S.D. 44.15 + 4.50 41.67 + 3.28 42.37 + 4.34 39.89 + 4.33*

MALE FETUSES MEAN+S.D. 44.50 + 4.90 41.82 + 2.77 43.12 + 5.13 40.56 + 4.52*

FEMALE FETUSES MEAN+S.D. 43.86 + 4.84 41.36 + 4.09 41.94 + 4.90 38.98 + 5.28*

t RESORBED
CONCEPTUSES/LITTER MEAN+S.D. 2.1 + 4.4 1.4 + 4.1 4.4 + 9.4 3.1 + 5.7

---------------------------------------------------------------------------------------------------------------

[ I = NUMBER OF VALUES AVERAGED

a. Dosage occurred on days 7 through 20 of gestation.

b. Litter 8546 had no male fetuses.
Significantly different from the vehicle control group value (p<0.05).
Significantly different from the vehicle control group value (p@S0.01).
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TABLE 9 (PAGE 1): FETAL ALTERATIONS - SUMMARY

---------------------------------------------------------------------------------------------------------------
DOSAGE GROUP I ii III IV
DOSAGE (MG/KG/DAY)a 0 (VEHICLE) 0.1 1.0 2.5
---------------------------------------------------------------------------------------------------------------

LITTERS EVALUATED N 20 19b 19 16
FETUSES EVALUATED N 175 172 152 130

LIVE N 175 162 152 130
DEAD N 0 10b 0 0

---------------------------------------------------------------------------------------------------------------
LITTERS WITH FETUSES WITH

ANY ALTERATION OBSERVED N(t) 14( 70.0) ll( 61.1) 9( 47.4) 4( 25.0)

FETUSES WITH ANY
ALTERATION OBSERVED N(Pi) 25( 14.3) 25( 15.4) 14( 9.2) 5( 3.8)**

FETUSES WITH ANY
ALTERATION/LITTER MEAN+S.D. 14.1 + 12.9 17.0 + 18.2 9.5 + 11.7 3.6 + 7.0

---------------------------------------------------------------------------------------------------------------

a. Dosage occurred on days 7 through 20 of gestation.

b. Litter 8481 consisted of ten dead fetuses; values were excluded from group averageb and statistical analys

observations for this litter are cited on Table 21.

Significantly different from the vehicle control group value (p@@0.01).
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TABLE 10 (PACE 1): FETAL GROSS EXTERNAL ALTERATIONS - SUMMARY

---------------------------------------------------------------------------------------------------------------

DOSAGE GROUP I ii III IV
DOSAGE (MG/KG/DAY)a 0 (VEHICLE) 0.1 1.0 2.5
---------------------------------------------------------------------------------------------------------------

LITTERS EVALUATED N 20 19b 19 16
FETUSES EVALUATED N 175 162 152 130

LIVE N 175 162 152 130
DEAD N 0 lob 0 0

---------------------------------------------------------------------------------------------------------------

FORELIMBS: FLEXED DOWNWARD
LITTER INCIDENCE N(t) o( o.o) 1( 5.3) 0( 0.0) 0( 0.0)
FETAL INCIDENCE N(%) 0( 0.0) 1( 0.6) 0( 0.0) 0( 0.0)

FORELIMB: POLLEX ABSENT
LITTER INCIDENCE N(t) 1( 5.0) o( o.o) 0( 0.0) 0( 0.0)
FETAL INCIDENCE N(t) 1( 0.6) 0( 0.0) 0( 0.0) o( o.o)

---------------------------------------------------------------------------------------------------------------

a. Dosage occurred on days 7 through 20 of gestation.
b. Litter 8481 consisted of ten dead fetuses; values were excluded from group averages and statistical analys

observations for this litter are cited on Table 21.



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 11 (PAGE 1): FETAL SOFT TISSUE ALTERATIONS - SUMMARY

-----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP I ii III IV
DOSAGE (MG/KG/DAY)a 0 (VEHICLE) 0.1 1.0 2.5
-----------------------------------------------------------------------------------------------------------------

LITTERS EVALUATED N 20 19b 19 16
FETUSES EVALUATED N 175 172 152 130

LIVE N 175 162 152 130
DEAD N 0 lob 0 0

-----------------------------------------------------------------------------------------------------------------

EYES: CIRCUMCORNEAL HEMORRHAGE
LITTER INCIDENCE N(t) 1( 5.0) 0( 0.0) 0( 0.0) 0( 0.0)
FETAL INCIDENCE N(t) 1( 0.6) 0( 0.0) 0( 0.0) 0( 0.0)

LUNGS: INTERMEDIATE LOBE ABSENT
LITTER INCIDENCE N(t) 2( 10.0) 4( 22.2) 1( 5.3) 0( 0.0)
FETAL INCIDENCE N(%) 2( 1.1) 7( 4.3)** 1( 0.6) 0( 0.0)

-----------------------------------------------------------------------------------------------------------------

a. Dosage occurred on days 7 through 20 of gestation.
b. Litter 8481 consisted of ten dead fetuses; values were excluded from group averages and statistical analyses

observations for this litter are cited on Table 21.
Significantly different from the vehicle control group value (pS0.01).



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER

TABLE 12 (PAGE 1): FETAL SKELETAL OBSERVATIONS - SUMMARY
(See footnotes on the last page of this table.)

----------------------------------------------------------------------------------------------------------------
DOSAGE GROUP I ii III IV
DOSAGE (MG/KG/DAY)a 0 (VEHICLE) 0.1 1.0 2.5
----------------------------------------------------------------------------------------------------------------

LITTERS EVALUATED N 20 19b 19 16
FETUSES EVALUATED N 175 172 152 130

LIVE N 17S 162 152 130
DEAD N 0 lob 0 0

----------------------------------------------------------------------------------------------------------------

SKULL - IRREGULAR OSSIFICATION:C
(SUMMARIZATION OF ALL IRREGULAR OSSIFICATION
OF THE SKULL d; INDIVIDUAL SUBCATEGORIES
CITED BELOW)
LITTER INCIDENCE N(t) 6( 30.0) 7( 38.9) 3( 15.8) 1( 6.2)
FETAL INCIDENCE N(t) 7( 4.0) 9( 5.6) 3( 2.0) 1( 0.8)*

SKULL: NASAL(S), IRREGULAR OSSIFICATION
(SUMMARIZATION OF FUSED; IRREGULAR StYrURE;
MIDLINE SUTURE DISPLACED; INTRANASAL; INTERNASAL)
LITTER INCIDENCE N(!k) 5( 25.0) 7( 38.9) 3( 15.8) 1( 6.2)
FETAL INCIDENCE N(!k) 6( 3.4) 9( 5.6) 3( 2.0) 1( 0.8)

SKULL: NASAL - FRONTAL, IRREGULAR SUTURE
LITTER INCIDENCE N(t) 1( 5.0) 2( 11.1) 0( 0.0) 0( 0.0)
FETAL INCIDENCE N(t) 1( 0.6)f 2( 1.2) 0( 0.0) 0( 0.0)

SKULL: NASALS, FUSED
LITTER INCIDENCE N(t) 1( 5-0) 0( 0-0) 0( 0-0) 0( 0.0)
FETAL INCIDENCE N(%) 1( 0-6) o( o.o) 0( 0.0) 0( 0.0)

SKULL: NASALS, CONTAINED AN INTERNASAL
LITTER INCIDENCE N(t) 1( 5.0) 2( 11.1) 0( 0.0) 1( 6.2)
FETAL INCIDENCE N(t) 1( 0-6) 3( 1.8) 0( 0.0) 1( 0.8)

SKULL: NASALS, MIDLINE SUTURE DISPLACED
LITTER INCIDENCE N(t) o( o.o) 3( 16.7) 1( 5.3) o( o.o)
FETAL INCIDENCE N(t) 0( 0-0) 4( 2.5)** 1( 0.6) 0( 0.0)

SKULL: NASAL, CONTAINED AN INTRANASAL
LITTER INCIDENCE N(t) 3( 15.0) 0( 0.0) 2( 10.5) 0( 0.0)
FETAL INCIDENCE N(t) 3( 1.7) o( o.o) 2( 1.3) 0( 0.0)

----------------------------------------------------------------------------------------------------------------



PROTOCOL 418-012: OPAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER

TABLE 12 (PAGE 2): FETAL SKELETAL OBSERVATIONS - SUMMARY
(See footnotes on the last page of this table.)

----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP I ii III IV

DOSAGE (MG/KG/DAY)a 0 (VEHICLE) 0.1 1.0 2.5
----------------------------------------------------------------------------------------------------------------

LITTERS EVALUATED N 20 19b 19 16

FETUSES EVALUATED N 175 172 152 130
LIVE N 175 162 152 130

DEAD N 0 10b 0 0
----------------------------------------------------------------------------------------------------------------

SKULL: FRONTALS, CONTAINED AN INTERFRONTAL
LITTER INCIDENCE N(ts) 1( 5.0) 0( 0.0) 0( 0.0) 0( 0.0)

FETAL INCIDENCE N(t) 1( 0.6) 0( 0.0) o( o.o) 0( 0-0)

SKULL: PARIETAL, CONTAINED A HOLE
LITTER INCIDENCE N(t) 0( 0.0) 0( 0.0) 0( 0.0) 0( 0.0)
FETAL INCIDENCE N(t) 0( 0.0) 0( 0.0) 0( 0.0) 0( 0.0)

SKULL - OTHER ALTERATIONS:B
HYOID: ALA, ANGULATED

LITTER INCIDENCE N(t) 6( 30.0) 3( 16.7) 3( 15.8) 2( 12.5)

FETAL INCIDENCE N(%) 10( 5.7)f,g 4( 2.5) 7( 4.6) 3( 2.3)

SKULL: PREMA-XILLAE, NOT OSSIFIED
LITTER INCIDENCE N(!k) 0( 0.0) 1( 5.6) 0( 0.0) 0( 0.0)

FETAL INCIDENCE N(t) 0( 0.0) 1( 0.6) 0( 0.0) 0( 0.0)

CERVICAL VERTEBRAE: CERVICAL RIB PRESENT AT 7TH CERVICAL VERTEBRA

LITTER INCIDENCE N(t) 1( 5.0) 0( 0.0) 0( 0.0) 1( 6.2)

FETAL INCIDENCE N(%) 1( 0.6) 0( 0.0) 0( 0.0) 1( 0.8)

CERVICAL VERTEBRAE: CENTRUM, UNILATERAL OSSIFICATION

LITTER INCIDENCE N(t) 0( 0.0) 1( 5.6) 0( 0.0) 0( 0-0)

FETAL INCIDENCE N(t) 0( 0.0) 1( 0.6) 0( 0.0) 0( 0.0)

THORACIC VERTEBRAE: CENTRUM, BIFID

LITTER INCIDENCE N(%) 0( 0.0) 1( 5.6) 0( 0.0) 0( 0.0)

FETAL INCIDENCE N(%) 0( 0.0) 1( 0.6)h 0( 0.0) o( o.o)

THORACIC VERTEBRAE. CENTPA, FUSED
LITTER INCIDENCE N(%) 0( 0.0) 2( 11.1) 0( 0.0) 0( 0.0)
FETAL INCIDENCE N(!k) 0( 0.0) 2( 1.2)h,i 0( 0.0) o( o.o)

---------------------------------------------------------------------------------------------------------------



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 12 (PAGE 3): FETAL SKELETAL OBSERVATIONS - SUMMARY
(See footnotes on the last page of this table.)

-----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP I ii III IV

DOSAGE (MG/KG/DAY)a 0 (VEHICLE) 0.1 1.0 2.5
----------------------------------------------------------------------------------------------------------------

LITTERS EVALUATED N 20 19b 19 16
FETUSES EVALUATED N 175 172 152 130

LIVE N 175 162 152 130
DEAD N 0 lob 0 0

----------------------------------------------------------------------------------------------------------------

THORACIC VERTEBRAE: HEMIVERTEBRA

LITTER INCIDENCE N(t) 1( 5.0) 0( 0.0) 0( 0.0) 0( 0.0)
FETAL INCIDENCE N(t) 1( 0.6)g 0( 0.0) 0( 0.0) 0( 0.0)

THORACIC VERTEBRAE: ARCH, SMALL
LITTER INCIDENCE N(t) 0( 0.0) 1( 5.6) 0( 0.0) 0( 0.0)
FETAL INCIDENCE N(t) 0( 0-0) 1( 0.6)i 0( 0.0) 0( 0.0)

THORACIC VERTEBRAE: CENTRUM, UNILATERAL OSSIFICATION
LITTER INCIDENCE N(t) 1( 5.0) 0( 0.0) 0( 0.0) 0( 0.0)
FETAL INCIDENCE N(!k) 1( 0.6) 0( 0.0) 0( 0.0) 0( 0.0)

LUMBAR VERTEBRAE: CENTRUM, BIFID
LITTER INCIDENCE N(4) 0( 0.0) 0( 0.0) 1( 5.3) 0( 0.0)
FETAL INCIDENCE N(t) 0( 0.0) o( o.o) 1( 0.6)j 0( 0.0)

LUMBAR VERTEBRAE: HEMIVERTEBRA
LITTER INCIDENCE N(%) 0( 0.0) 0( 0.0) 1( 5.3) 0( 0.0)
FETAL INCIDENCE N(%) 0( 0.0) 0( 0.0) 1( 0.6)j 0( 0.0)

CAUDAL VERTEBRAE: MISALIGNED
LITTER INCIDENCE N(t) 1( 5.0) 0( 0.0) 0( 0.0) 0( 0.0)

FETAL INCIDENCE N(%) 1( 0.6) 0( 0.0) 0( 0.0) 0( 0.0)

RIBS: FUSED
LITTER INCIDENCE N(!k) 0( 0.0) 1( 5.6) 0( 0.0) 0( 0.0)

FETAL INCIDENCE N(%) 0( 0.0) 1( 0.6) 0( 0.0) 0( 0.0)

RIBS: SPLIT
LITTER INCIDENCE N(%) 1( 5.0) 0( 0.0) 1( 5.3) 0( 0.0)
FETAL INCIDENCE N(%) 1( 0.6)g 0( 0.0) 1( 0.6) 0( 0.0)

----------------------------------------------------------------------------------------------------------------



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER

TABLE 12 (PAGE 4): FETAL SKELETAL OBSERVATIONS - SUMMARY
(See footnotes on the last page of this table.)

----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP I ii III IV
DOSAGE (MG/KG/DAY)a 0 (VEHICLE) 0.1 1.0 2.5
----------------------------------------------------------------------------------------------------------------

LITTERS EVALUATED N 20 19b 19 16
FETUSES EVALUATED N 175 172 152 130

LIVE N 175 162 152 130
DEAD N 0 lob 0 0

----------------------------------------------------------------------------------------------------------------

RIBS: THICKENED
LITTER INCIDENCE N(t) 1( 5.0) o( o.o) 1( 5.3) 0( 0.0)
FETAL INCIDENCE N(t) 1( 0.6) 0( 0.0) 1( 0.6) 0( 0.0)

RIBS: PROXIMATE
LITTER INCIDENCE N(!k) 0( 0.0) 1( 5.6) o( o.o) 0( 0.0)
FETAL INCIDENCE N(t) 0( 0.0) 1( 0.6) 0( 0.0) 0( 0.0)

STERNAL CENTRA: FUSED
LITTER INCIDENCE N(t) 2( 10.0) 3( 16.7) 0( 0.0) 0( 0.0)
FETAL INCIDENCE N(li) 2( 1.1) 3( 1.8) 0( 0.0) 0( 0.0)

STERNAL CENTRA: ASYMMETRIC
LITTER INCIDENCE N(t) 1( 5.0) 0( 0.0) 0( 0.0) o( o.o)
FETAL INCIDENCE N(!k) 1( 0.6)g o( o.o) 0( 0.0) 0( 0.0)

METACARPALS: FORELIMB, 4 METACARPALS PRESENT
LITTER INCIDENCE 1( 5.0) 0( 0.0) 0( 0.0) 0( 0.0)
FETAL INCIDENCE N(t) 1( 0.6)e 0( 0.0) 0( 0.0) 0( 0.0)

FOREDIGITS: FORELIMB, 4 DIGITS PRESENT
LITTER INCIDENCE N(t) 1( 5.0) 0( 0.0) 0( 0.0) 0( 0.0)
FETAL INCIDENCE N(t) 1( 0.6)e 0( 0.0) 0( 0.0) o( o.o)

FOREPHALANGES: FORELIMB, 1ST MEDIAL AND DISTAL PHALANGES ABSENT
LITTER INCIDENCE N(t) 1( 5.0) 0( 0.0) 0( 0.0) 0( 0.0)
FETAL INCIDENCE N(t) 1( 0.6)e o( o.o) 0( 0.0) 0( 0.0)

PELVIS: PUBIS, NOT OSSIFIED
LITTER INCIDENCE N(%) o( o.o) o( o.o) 0( 0.0) 0( 0.0)
FETAL INCIDENCE N(t) 0( 0.0) 0( 0.0) 0( 0.0) 0( 0.0)

----------------------------------------------------------------------------------------------------------------



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBE

TABLE 12 (PAGE 5): FETAL SKELETAL OBSERVATIONS - SUMMARY

---------------------------------------------------------------------------------------------------------------

FOOTNOTES:
---------------------------------------------------------------------------------------------------------------

a. Dosage occurred on days 7 through 20 of gestation.
b. Litter 8481 consisted of ten dead fetuses; values were excluded from group averages and statistical analys

observations for this litter are cited on Table 21.
c. Fetuses with alterations of the skull and/or hyoid are not separately identified in this summary table, ex

alterations of other ossification sites were also present.
d. Includes all alterations noted for the skull except hyoid, ala, angulated and skull, premaxillae, not ossi

categories are excluded because these alterations do not result from irregular ossification.
e. Fetus 8448-1 had other skeletal alterations.
f. Fetus 8449-6 had other skeletal alterations.
g. Fetus 8452-1 had other skeletal alterations.
h. Fetus 8476-1 had other skeletal alterations.
i. Fetus 8485-2 had other skeletal alterations.
j. Fetus 8500-8 had other skeletal alterations.
k. Fetus 8543-4 had other skeletal alterations.
1. Fetus 8543-6 had other skeletal alterations.

Significantly different from the vehicle control group value (p!0.05).
Significantly different from the vehicle control group value (p<0.01).



PROTOCOL 418-012! ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 13 (PAGE 1): FETAL OSSIFICATION SITES - CAESAREAN-DELIVERED LIVE FETUSES (DAY 29 OF GESTATION) - SUMMARY

-----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP I ii III IV
DOSAGE (MG/KG/DAY)a 0 (VEHICLE) 0.1 1.0 2.5
-----------------------------------------------------------------------------------------------------------------

LITTERS EXAMINED N 20 19b 19 16
FETUSES EXAMINED N 175 172 152 130

LIVE N 175 162 152 130
DEAD N 0 lob 0 0

-----------------------------------------------------------------------------------------------------------------

OSSIFICATION SITES PER FETUS PER LITTER

HYOID MEAN+S.D. 1.00 + 0.00 1.00 + 0.00 1.00 + 0.00 1.00 + 0.00

VERTEBRAE
CERVICAL MEAN+S.D. 7.00 + 0.00 7.00 + 0.00 7.00 + 0.00 7.00 + 0.00
THORACIC MEAN+S.D. 12.72 + 0.23 12.58 + 0.28 12.70 + 0.29 12.49 + 0.33
LUMBAR MEAN+S.D. 6.26 + 0.23 6.42 + 0.28 6.29 + 0.29 6.51 + 0.33
SACRAL MEAN+S.D. 3.00 + 0.00 3.00 + 0.00 3.00 + 0.00 3.00 + 0.00
CAUDAL MEAN+S.D. 16.90 7 0.24 17.03 + 0.30 16.95 + 0.38 16.86 + 0.28

RIBS (PAIRS) MEAN+S.D. 12.66 + 0.26 12.50 + 0.26 12.60 + 0.29 12.42 + 0.28

STERNUM
MANUBRIUM MEAN+S.D. 1.00 + 0.00 1.00 + 0.00 1.00 + 0.00 1.00 + 0.00
STERNAL CENTERS MEAN+S.D. 3.98 + 0.05 3.92 + 0.11 3.95 + 0.12 3.81 + 0.17**
XIPHOID MEAN+S.D. 0.98 + 0.04 0.99 + 0.05 0.97 + 0.06 0.94 + 0.10

FORELIMB c
CARPALS MEAN+S.D. 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00
METACARPALS MEAN+S.D. 4.98 + 0.05 4.97 + 0.06 4.99 + 0.04 4.97 + 0.07
DIGITS MEAN+S.D. 5.00 + 0.00 5.00 + 0.00 5.00 + 0.00 5.00 + 0.00
PHALANGES MEAN+S.D. 13.92 + 0.12 13.92 + 0.17 13.90 ± 0.17 13.96 + 0.07

HINDLIMB c
TARSALS MEAN+S.D. 2.00 + 0.00 2.00 + 0.00 2.00 + 0.00 2.00 + 0.00
METATARSALS MEAN+S.D. 4.00 + 0.00 4.00 + 0.00 4.00 ± 0.00 4.00 + 0.00
DIGITS MEAN+S.D. 4.00 + 0.00 4.00 + 0.00 4.00 + 0.00 4.00 + 0.00
PHALANGES MEAN+S.D. 12.00 + 0.00 12.00 + 0.00 12.00 ± 0.00 12.00 + 0.00

----------------------------------------------------------------------------------------------------------------

a. Dosage occurred on days 7 through 20 of gestation.
b. Litter 8481 consisted of ten dead fetuses; values excluded from group averages and statistical analyses. A(

observations for this litter are cited on Table 21.
C. Calculated as average per limb.

Significantly different from the vehicle control group value (p@S0.05).
Significantly different from the vehicle control group value (p@io.01).



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER

TABLE 14 (PAGE 1): CLINICAL OBSERVATIONS - INDIVIDUAL DATA

------------------------------------------------------------------------------------- a-------------------------

RABBIT # DESCRIPTION

---------------------------------------------------------------------------------------------------------------

DOSAGE GROUP 1 0 (VEHICLE) MG/KG/DAY
---------------------------------------------------------------------------------------------------------------

8443 NO ADVERSE FINDINGS

8444 NO ADVERSE FINDINGS

8445 NO ADVERSE FINDINGS

8446 NO ADVERSE FINDINGS

8447 NO ADVERSE FINDINGS

8448 NO ADVERSE FINDINGS

8449 NO ADVERSE FINDINGS

8450 NO ADVERSE FINDINGS

8451 NO ADVERSE FINDINGS

8452 NO ADVERSE FINDINGS

8453 NO ADVERSE FINDINGS

8454 NO ADVERSE FINDINGS

8455 NO ADVERSE FINDINGS

8456 NO ADVERSE FINDINGS

8457 NO ADVERSE FINDINGS

8458 NO ADVERSE FINDINGS

8459 NO ADVERSE FINDINGS

8460 NO ADVERSE FINDINGS

8461 NO ADVERSE FINDINGS

8462 NO ADVERSE FINDINGS

8463 NO ADVERSE FINDINGS

8464 NO ADVERSE FINDINGS
---------------------------------------------------------------------------------------------------------------

DG = DAY OF PRESUMED GESTATION



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER

TABLE 14 (PAGE 2): CLINICAL OBSERVATIONS - INDIVIDUAL DATA

---------------------------------------------------------------------------------------------------------------

RABBIT # DESCRIPTION
---------------------------------------------------------------------------------------------------------------

DOSAGE GROUP 11 0.1 MG/KG/DAY
---------------------------------------------------------------------------------------------------------------

8465 DG( 28- 29) LOCALIZED ALOPECIA: LIMBS a
8466 NO ADVERSE FINDINGS
8467 NO ADVERSE FINDINGS
8468 NO ADVERSE FINDINGS
8469 NO ADVERSE FINDINGS
8470 NO ADVERSE FINDINGS
8471 NO ADVERSE FINDINGS
8472 NO ADVERSE FINDINGS
8473 DG( 27- 29) LOCALIZED ALOPECIA: BACK a
8474 NO ADVERSE FINDINGS
847S NO ADVERSE FINDINGS
8476 NO ADVERSE FINDINGS
84@77 NO ADVERSE FINDINGS
8478 DG( 28 UNGROOMED COAT
8479 NO ADVERSE FINDINGS
8480 NO ADVERSE FINDINGS
8481 NO ADVERSE FINDINGS
8482 DG( 24- 29) LOCALIZED ALOPECIA: LIMBS a
8483 NO ADVERSE FINDINGS
8484 NO ADVERSE FINDINGS
8485 NO ADVERSE FINDINGS
8486 DG( 27- 29) UNGROOMED COAT

--------------------------------------------------------------------------------------------------------------

DG = DAY OF PRESUMED GESTATION
a. Observation confirmed at necropsy.



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 14 (PAGE 3): CLINICAL OBSERVATIONS - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

RABBIT # DESCRIPTION
----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP 111 1.0 MG/KG/DAY
----------------------------------------------------------------------------------------------------------------

8487 NO ADVERSE FINDINGS
8488 NO ADVERSE FINDINGS
8489 DG( 29 LOCALIZED ALOPECIA: UNDERSIDE a
8490 NO ADVERSE FINDINGS
8491 NO ADVERSE FINDINGS
8492 DG( 9 SOFT OR LIQUID FECES

DG( 9- 11) UNGROOMED COAT
DC( 10- 11) SCANT FECES

8493 DG( 27- 29) LOCALIZED ALOPECIA: LIMBS a
8494 NO ADVERSE FINDINGS
8495 NO ADVERSE FINDINGS
8496 DG( 26- 29) LOCALIZED ALOPECIA: BACK a
8497 NO ADVERSE FINDINGS
8498 NO ADVERSE FINDINGS
8499 NO ADVERSE FINDINGS

8500 NO ADVERSE FINDINGS
8501 NO ADVERSE FINDINGS
8502 NO ADVERSE FINDINGS
8503 NO ADVERSE FINDINGS
8504 NO ADVERSE FINDINGS
8505 NO ADVERSE FINDINGS
8506 DC( 26- 29) LOCALIZED ALOPECIA: LIMBS a
8507 DG( 28- 29) LOCALIZED ALOPECIA: BACK a
8508 NO ADVERSE FINDINGS

----------------------------------------------------------------------------------------------------------------

DG = DAY OF PRESUMED GESTATION

a. observation confirmed at nec.ropsy.



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFO@§ IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 14 (PAGE 4): CLINICAL OBSERVATIONS - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

RABBIT # DESCRIPTION
----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP IV 2.5 MG/KG/DAY
----------------------------------------------------------------------------------------------------------------

8509 NO ADVERSE FINDINGS
8510 NO ADVERSE FINDINGS
8511 NO ADVERSE FINDINGS
8512 NO ADVERSE FINDINGS
8513 NO ADVERSE FINDINGS
8514 NO ADVERSE FINDINGS
8515 NO ADVERSE FINDINGS
8516 DG( 28- 29) LOCALIZED ALOPECIA: LIMBS a
8517 DG( 25 ) ABORTED AND SACRIFICED
8518 DG( 28- 29) SCANT FECES
8519 NO ADVERSE FINDINGS
8520 NO ADVERSE FINDINGS
8521 DG( 28 LOCALIZED ALOPECIA: LIMBS

DG( 29 ALOPECIA NO LONGER APPARENT
DG( 29 LOCALIZED ALOPECIA: BACK a

8522 NO ADVERSE FINDINGS
8523 NO ADVERSE FINDINGS
8524 DG( 24- 25) SCANT FECES
8525 DG( 26 SCANT FECES
8526 NO ADVERSE FINDINGS
8527 DG( 24- 28) UNGROOMED COAT
8528 NO ADVERSE FINDINGS
8529 NO ADVERSE FINDINGS
8530 NO ADVERSE FINDINGS

---------------------------------------------------------------------------------------------------------------

DG = DAY OF PRESUMED GESTATION

a. observation confirmed at necropsy.



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 14 (PAGE 5): CLINICAL OBSERVATIONS - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

RABBIT # DESCRIPTION
----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP V 3.75 MG/KG/DAY
----------------------------------------------------------------------------------------------------------------

8531 NO ADVERSE FINDINGS
8532 NO ADVERSE FINDINGS
8533 NO ADVERSE FINDINGS
8534 DG( 22 ABORTED AND SACRIFICED
8535 DG( 26- 27) SCANT FECES
8536 NO ADVERSE FINDINGS
8537 DG( 24 NO FECES

DC( 25 ABORTED AND SACRIFICED
8538 Do( 24 ABORTED AND SACRIFICED
8539 DG( 22- 23) SCANT FECES

DG( 24 ABORTED AND SACRIFICED
8540 DG( 25 ABORTED AND SACRIFICED
8541 NO ADVERSE FINDINGS
8542 DG( 21- 23) SCANT FECES

DG( 27 SCANT FECES
DG( 28 ABORTED AND SACRIFICED

8543 DG( 19- 20) SCANT FECES
DG( 22- 23) SCANT FECES
DG( 24 ) NO FECES
DG( 25- 27) SCANT FECES

8544 DG( 19- 20) SCANT FECES
DG( 22- 24) SCANT FECES
DG( 25 ABORTED AND SACRIFICED

8545 NO ADVERSE FINDINGS
8546 NO ADVERSE FINDINGS
8547 DG( 18 SCANT FECES

DG( 21 RED SUBSTANCE IN CAGE PAN
DG( 22 ABORTED AND SACRIFICED

8548 DG( 21 SCANT FECES
DG( 23- 24) SCANT FECES
DG( 25 ABORTED AND SACRIFICED

8549 NO ADVERSE FINDINGS
8550 NO ADVERSE FINDINGS
8551 NO ADVERSE FINDINGS
8552 NO ADVERSE FINDINGS

----------------------------------------------------------------------------------------------------------------

DG = DAY OF PRESUMED GESTATION



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 14 (PAGE 6): CLINICAL OBSERVATIONS - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

RABBIT # DESCRIPTION
----------------------------------------------------------------------------------------------------------------

SATELLITE DOSAGE GROUP 1 0 (VEHICLE) MG/KG/DAY
---------------------------------------- -----------------------------------------------------------------------

8553 NO ADVERSE FINDINGS

8554 NO ADVERSE FINDINGS

8555 NO ADVERSE FINDINGS

----------------------------------------------------------------------------------------------------------------

SATELLITE DOSAGE GROUP 11 0.1 MG/KG/DAY
----------------------------------------------------------------------------------------------------------------

8556 NO ADVERSE FINDINGS

8557 NO ADVERSE FINDINGS

8558 NO ADVERSE FINDINGS

8559 NO ADVERSE FINDINGS

8560 NO ADVERSE FINDINGS
----------------------------------------------------------------------------------------------------------------

SATELLITE DOSAGE GROUP 111 1.0 MG/KG/DAY
----------------------------------------------------------------------------------------------------------------

8561 NO ADVERSE FINDINGS

8562 NO ADVERSE FINDINGS

8563 NO ADVERSE FINDINGS

----------------------------------------------------------------------------------------------------------------

SATELLITE DOSAGE GROUP IV 2.5 MG/KG/DAY
----------------------------------------------------------------------------------------------------------------

8564 NO ADVERSE FINDINGS

8565 NO ADVERSE FINDINGS

8566 NO ADVERSE FINDINGS
----------------------------------------------------------------------------------------------------------------

SATELLITE DOSAGE GROUP V 3.75 MG/KG/DAY

----------------------------------------------------------------------------------------------------------------

8567 NO ADVERSE FINDINGS

8568 NO ADVERSE FINDINGS

8569 NO ADVERSE FINDINGS

8570 NO ADVERSE FINDINGS

8571 NO ADVERSE FINDINGS
----------------------------------------------------------------------------------------------------------------

DG = DAY OF PRESUMED GESTATION



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 15 (PAGE 1): NECROPSY OBSERVATIONS - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP RABBIT DAY OF PREGNANCY DOSAGES

DOSAGE (MG/KG/DAY) NUMBER NECROPSY STATUS ADMINISTERED OBSERVATIONS a
----------------------------------------------------------------------------------------------------------------

I
0 (VEHICLE) 8443 DG 29 NP 14 ALL TISSUES APPEARED NORMAL.

8444 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8445 DG 29 NP 14 ALL TISSUES APPEAREB NORMAL.

8446 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8447 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8448 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8449 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8450 DG 29 p 14 ALL TISSUES APPEARED NORMAL.
8451 DG 29 p 14 ALL TISSUES APPEARED NORMAL.
8452 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8453 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8454 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8455 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8456 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8457 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8458 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8459 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8460 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8461 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8462 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8463 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8464 DG 29 p 14 ALL TISSUES APPEARED NORMAL.
---------------------------------------------------------------------------------------------------------------

P = PREGNANT NP = NOT PREGNANT
DG - DAY OF PRESUMED GESTATION
a. Refer to the individual clinical observations table (Table 14) for external observations confirmed at necr



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 15 (PAGE 2): NECROPSY OBSERVATIONS - INDIVIDUAL DATA

-----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP RAJ3BIT DAY OF PREGNANCY DOSAGES
DOSAGE (MG/KG/DAY) NUMBER NECROPSY STATUS ADMINISTERED OBSERVATIONS a
-----------------------------------------------------------------------------------------------------------------

ii
0.1 8465 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8466 DG 29 NP 14 ALL TISSUES APPEARED, NORMAL.
8467 DG 29 NP 14 ALL TISSUES APPEARED NORMAL.
8468 DG 29 p 14 ALL TISSUES APPEARED NORMAL.
8469 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8470 DG 29 p 14 ALL TISSUES APPEARED NORMAL.
8471 DG 29 p 14 ALL TISSUES APPEARED NORMAL.
8472 DG 29 p 14 ALL TISSUES APPEARED NORMAL.
8473 DG 29 p 14 ALL TISSUES APPEARED NORMAL.
8474 DC 29 p 14 ALL TISSUES APPEARED NORMAL.
8475 DG 29 p 14 ALL TISSUES APPEARED NORMAL.
8476 DG 29 p 14 ALL TISSUES APPEARED NORMAL.
8477 DG 29 NP 14 ALL TISSUES APPEARED NORMAL.
8478 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8479 DG 29 p 14 ALL TISSUES APPEARED NORMAL.
8480 DC 29 p 14 ALL TISSUES APPEARED NORMAL.
8481 DG 29 p 14 ALL TISSUES APPEARED NORMAL.
8482 DG 29 p 14 ALL TISSUES APPEARED NORMAL.
8483 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8484 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8485 DG 29 p 14 ALL TISSUES APPEARED NORMAL.
8486 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

----------------------------------------------------------------------------------------------------------------

P - PREGNANT NP - NOT PREGNANT
DG - DAY OF PRESUMED GESTATION
a. Refer to the individual clinical observations table (Table 14) for external observations confirmed at necra



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE IS (PAGE 3): NECROPSY OBSERVATIONS - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP RABBIT DAY OF PREGNANCY DOSAGES
DOSAGE (MG/KG/DAY) NUMBER NECROPSY STATUS ADMINISTERED OBSERVATIONS a
----------------------------------------------------------------------------------------------------------------

III
1.0 8487 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8488 DG 29 p 14 ALL TISSUES APPEARED,NORMAL.
8489 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8490 DG 29 p 14 ALL TISSUES APPEARED NORMAL.
8491 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8492 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8493 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8494 DG 29 p 14 ALL TISSUES APPEARED NORMAL.
8495 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8496 DG 29 p 14 ALL TISSUES APPEARED NORMAL.
8497 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8498 DG 29 p 14 ALL TISSUES APPEARED NORMAL.
8499 DG 29 p 14 ALL TISSUES APPEARED NORMAL.
8500 DG 29 p 14 ALL TISSUES APPEARED NORMAL.
8501 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8502 DG 29 NP 14 ALL TISSUES APPEARED NORMAL.
8503 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8504 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8505 DG 29 NP 14 ALL TISSUES APPEARED NORMAL.

8506 DG 29 p 14 ALL TISSUES APPEARED NORMAL.
8507 DG 29 p 14 ALL TISSUES APPEARED NORMAL.
8508 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

---------------------------------------------------------------------------------------------------------------

P - PREGNANT NP = NOT PREGNANT
DG = DAY OF PRESUMED GESTATION
a. Refer to the individual clinical observations table (Table 14) for external observations confirmed at necr



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBERI

TABLE 15 (PAGE 4): NECROPSY OBSERVATIONS - INDIVIDUAL DATA

-----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP RABBIT DAY OF PREGNANCY DOSAGES

DOSAGE (MG/KG/DAY) NUMBER NECROPSY STATUS ADMINISTERED OBSERVATIONS a
-----------------------------------------------------------------------------------------------------------------

IV
2,.5 8509 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

Oslo DG 29 p 14 ALL TISSUES APPEARED NORMAL.
8511 DG 29 NP 14 ALL TISSUES APPEARED NORMAL.
8512 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8513 DG 29 NP 14 ALL TISSUES APPEARED NORMAL.
8514 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

6515 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8516 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8517 DG 25 p 14 ABORTED ON DAY 25 OF GESTATION.
ALL TISSUES APPEARED NORMAL.

8518 DG 29 p 14 ALL TISSUES APPEARED NORMAL.
8519 DG 29 p 14 ALL TISSUES APPEARED NORMAL.
8520 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8521 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8522 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8523 DG 29 NP 14 ALL TISSUES APPEARED NORMAL.
6524 DG 29 NP 14 ALL TISSUES APPEARED NORMAL.

8525 DG 29 p 14 ALL TISSUES APPEARED NORMAL.
8526 DG 29 NP 14 ALL TISSUES APPEARED NORMAL.
8527 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8528 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8529 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8530 DG 29 p 14 ALL TISSUES APPEARED NORMAL.
----------------------------------------------------------------------------------------------------------------

P - PREGNANT NP - NOT PREGNANT
DG = DAY OF PRESUMED GESTATION
a. Refer to the individual clinical observations table (Table 14) for external observations confirmed at necro



PROTOCOL 418-012.- ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 15 (PAGE 5): NECROPSY OBSERVATIONS - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP RABBIT DAY OF PREGNANCY DOSAGES

DOSAGE (MG/KG/DAY) NUMBER NECROPSY STATUS ADMINISTERED OBSERVATIONS a
----------------------------------------------------------------------------------------------------------------

v
3.75 8531 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8532 DG 29 p 14 ALL TISSUES APPEARED. NORMAL.
8533 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8534 DG 22 p 14 ABORTED ON DAY 22 OF GESTATION.
ALL TISSUES APPEARED NORMAL.

8535 DG 29 p 14 ALL TISSUES APPEARED NORMAL.
8536 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8537 DG 25 p 14 ABORTED ON DAY 25 OF GESTATION.
ALL TISSUES APPEARED NORMAL.

8538 DO 24 p 14 ABORTED ON DAY 24 OF GESTATION.
ALL TISSUES APPEARED NORMAL.

8539 DG 24 p 14 ABORTED ON DAY 24 OF GESTATION.
ALL TISSUES APPEARED NORMAL.

8540 DG 25 p 14 ABORTED ON DAY 25 OF GESTATION.
ALL TISSUES APPEARED NORMAL.

8541 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8542 DG 28 p 14 ABORTED ON DAY 28 OF GESTATION.
ALL TISSUES APPEARED NORMAL.

8543 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8544 DG 25 p 14 ABORTED ON DAY 25 OF GESTATION.
ALL TISSUES APPEARED NORMAL.

8545 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8S46 DG 29 p 14 ALL TISSUES APPEARED NORMAL.
----------------------------------------------------------------------------------------------------------------

P . PREGNANT NP - NOT PREGNANT

DG - DAY OF PRESUMED GESTATION
a. Refer to the individual clinical observations table (Table 14) for external observations confirmed at necro



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER.-

TABLE 15 (PAGE 6): NECROPSY OBSERVATIONS - INDIVIDUAL DATA

-----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP RABBIT DAY OF PREGNANCY DOSAGES
DOSAGE (MG/KG/DAY) NUMBER NECROPSY STATUS ADMINISTERED OBSERVATIONS a
-----------------------------------------------------------------------------------------------------------------

v
3.75 8547 DG 22 p 14 ABORTED ON DAY 22 OF GESTATION.

(cont.) ALL TISSUES APPEARED NORMAL.

8548 DG 25 p 14 ABORTED ON DAY 25 OF GESTATION.
ALL TISSUES APPEARED NORMAL.

8549 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8550 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8551 DG 29 p 14 ALL TISSUES APPEARED NORMAL.
8552 DG 29 NP 14 ALL TISSUES APPEARED NORMAL.

-----------------------------------------------------------------------------------------------------------------

P - PREGNANT NP - NOT PREGNANT

DG - DAY OF PRESUMED GESTATION
a. Refer to the individual clinical observations table (Table 14) for external observations confirmed at necrop



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 15 (PAGE 7): NECROPSY OBSERVATIONS - INDIVIDUAL DATA

-----------------------------------------------------------------------------------------------------------------

SATELLITE DOSAGE GROUP RABBIT DAY OF PREGNANCY DOSAGES

DOSAGE (MG/KG/DAY) NUMBER NECROPSY STATUS ADMINISTERED OBSERVATIONS a
-----------------------------------------------------------------------------------------------------------------

I
0 (VEHICLE) 8553 DG 21 p 14 ALL TISSUES APPEARED NORMAL.

8554 DG 21 p 14 ALL TISSUES APPEAREP NORMAL.

8555 DG 21 p 14 ALL TISSUES APPEARED NORMAL.

0.1 8556 DG 21 p 14 ALL TISSUES APPEARED NORMAL.
8557 DG 21 p 14 ALL TISSUES APPEARED NORMAL.
esse DG 21 p 14 ALL TISSUES APPEARED NORMAL.
8559 DG 21 p 14 ALL TISSUES APPEARED NORMAL.

8560 DG 21 p 14 ALL TISSUES APPEARED NORMAL.

III
1.0 8561 DG 21 p 14 ALL TISSUES APPEARED NORMAL.

8562 DG 21 p 14 ALL TISSUES APPEARED NORMAL.

8563 DG 21 p 14 ALL TISSUES APPEARED NORMAL.

IV
2.5 8564 DG 21 p 14 ALL TISSUES APPEARED NORMAL.

856S DG 21 p 14 ALL TISSUES APPEARED NORMAL.
8566 DG 21 p 14 ALL TISSUES APPEARED NORMAL.

v
3.75 8567 DG 21 p 14 ALL TISSUES APPEARED NORMAL.

8568 DG 21 p 14 ALL TISSUES APPEARED NORMAL.
8569 DG 21 NP 14 ALL TISSUES APPEARED NORMAL.
8570 DG 21 p 14 ALL TISSUES APPEARED NORMAL.
8571 DG 21 p 14 ALL TISSUES APPEARED NORMAL.

----------------------------------------------------------------------------------------------------------------

P = PREGNANT NP - NOT PREGNANT
DG = DAY OF PRESUMED GESTATION
a. Refer to the individual clinical observations table (Table 14) for external observations confirmed at necro



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 16 (PAGE 1): MATERNAL BODY WEIGHTS - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

PREGNANCY
STATUS DAY 0 7 a 9 10 11 12 13 14 15 16

----------------------------------------------------------------------------------------------------------------

RABBIT # DOSAGE GROUP 1 0 (VEHICLE) MG/KG/DAY
----------------------------------------------------------------------------------------------------------------

8443 NP 3.22 3.35 3.42 3.38 3.41 3.36 3.43 3.46 3.53 3.53 3.63

8444 P 3.40 3.42 3.51 3.52 3.48 3.48 3.46 3.48 3.52 3.53 3.52

8445 NP 3.S8 3.76 3.81 3.91 3.89 3.87 3.94 3.94 3.92 3.93 4.01

8446 P 3.24 3.38 3.4S 3.40 3.29 3.31 3.41 3.50 3.56 3.63 3.68

8447 P 3.44 3.79 3.82 3.82 3.85 3.94 3.97 3.96 4.00 4.05 4.01

8448 P 3.44 3.44 3.54 3.54 3.62 3.61 3.63 3.67 3.74 3.84 3.78

0449 P 3.55 3.50 3.41 3.34 3.40 3.55 3.54 3.66 3.66 3.66 3.66

8450 P 3.07 3.24 3.29 3.32 3.37 3.34 3.39 3.36 3.40 3.43 3.50

8451 P 3.34 3.41 3.43 3.47 3.50 3.51 3.58 3.65 3.80 3.77 3.74

8452 P 3.17 2.86 2.83 2.80 2.97 3.15 3.12 3.11 3.16 3.25 3.31

8453 P 3.66 3.63 3.70 3.73 3.72 3.80 3.82 3.82 3.92 3.86 3.90

8454 P 3.56 3.58 3.58 3.66 3.64 3.73 3.74 3.77 3.77 3.80 3.75

8455 P 3.37 3.44 3.49 3.51 3.56 3.58 3.66 3.67 3.75 3.67 3.72

8456 P 3.31 3.20 3.16 3.13 3.24 3.34 3.37 3.36 3.41 3.44 3.54

8457 P 3.01 3.13 3.19 3.24 3.23 3.24 3.26 3.22 3.26 3.30 3.32

8458 P 3.80 3.89 3.91 3.90 3.85 3.87 3.88 3.98 4.04 4.06 4.08

8459 P 3.76 3.82 3.89 3.86 3.90 3.94 4.08 4.03 4.07 4.11 4.11

8460 P 3.53 3.64 3.64 3.66 3.66 3.74 3.84 3.77 3.81 3.84 3.86

8461 P 2.99 3.06 3.14 3.14 3.17 3.16 3.12 3.15 3.15 3.20 3.55

8462 P 3.18 3.22 3.29 3.34 3.34 3.35 3.34 3.35 3.40 3.41 3.45

8463 P 3.12 3.12 3.21 3.28 3.28 3.34 3.35 3.30 3.32 3.39 3.45

8464 P 2.88 2.93 2.90 2.95 3.01 3.05 3.08 3.10 3.14 3.17 3.16
----------------------------------------------------------------------------------------------------------------

P = PREGNANT NP = NOT PREGNANT (VALUES EXCLUDED FROM AVERAGES)

DAY = DAY OF PRESUMED GESTATION
ALL WEIGHTS WERE RECORDED IN GRAMS (G), ROUNDED TO THREE SIGNIFICANT DIGITS AND REPORTED IN KILOGRAMS (KG).
ALL CALCULATIONS EXCEPT BODY WEIGHT AVERAGES ARE PERFORMED WITH THE UNROUNDED GRAM (G) VALUE.
BODY WEIGHT AVERAGES ARE CALCULATED WITH THE ROUNDED KILOGRAM (KG) VALUE.



PROTOCOL 418-012: OPAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 16 (PAGE 2): MATERNAL BODY WEIGHTS - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

PREGNANCY
STATUS DAY 19 20 21 22 23 24 25 26 27 28 29

----------------------------------------------------------------------------------------------------------------

RABBIT # DOSAGE GROUP 1 0 (VEHICLE) MG/KG/DAY
----------------------------------------------------------------------------------------------------------------

8443 NP 3.60 3.64 3.70 3.68 3.73 3.70 3.74 3.75 3.80 3.80 3.84

8444 P 3.61 3.61 3.64 3.65 3.65 3.67 3.60 3.70 3.68 3.71 3.76

8445 NP 4.06 4.14 4.17 4.16 4.13 4.16 4.20 4.23 4.20 4.38 4.27

8446 P 3.67 3.67 3.72 3.77 3.80 3.85 3.84 3.78 3.69 3.70 3.74

8447 P 4.13 4.18 4.18 4.27 4.31 4.36 4.44 4.52 4.52 4.61 4.64

8448 P 3.85 3.90 3.93 3.96 4.00 4.04 4.13 4.17 4.21 4.24 4.25

8449 P 3.79 3.83 3.83 3.92 3.93 3.97 4.06 4.09 4.14 4.12 4.12

8450 P 3.S? 3.60 3.63 3.62 3.66 3.67 3.73 3.73 3.Bl 3.81 3.88

8451 P 3.78 3.81 3.82 3.83 3.87 3.92 3.97 3.93 3.91 3.88 3.89

8452 P 3.46 3.49 3.50 3.50 3.51 3.57 3.60 3.67 3.65 3.64 3.66

8453 P 3.99 4.04 4.07 4.07 4.12 4.15 4.18 4.23 4.29 4.28 4.37

8454 P 3.89 3.92 3.95 4.00 4.06 4.09 4.11 4.16 4.16 4.12 4.lS

8455 P 3.82 3.86 3.90 3.91 3.95 3.98 4.00 4.05 4.07 4.05 4.10

8456 P 3.62 3.61 3.66 3.70 3.69 3.72 3.72 3.74 3.71 3.72 3.72

8457 P 3.47 3.50 3.54 3.55 3.61 3.62 3.64 3.66 3.60 3.61 3.58

8458 P 4.10 4.14 4.16 4.17 4.18 4.21 4.23 4.25 4.24 4.16 4.10

8459 P 4.18 4.15 4.18 4.20 4.29 4.33 4.32 4.42 4.39 4.40 4.5

8460 P 3.98 3.96 3.99 3.98 3.99 4.11 4.IS 4.23 4.22 4.24 4.2

8461 P 3.26 3.30 3.29 3.30 3.33 3.33 3.32 3.31 3.34 3.34 3.3

8462 P 3.51 3.50 3.49 3.44 3.50 3.49 3.53 3.53 3.55 3.58 3.6

8463 P 3.52 3.53 3.55 3.58 3.57 3.65 3.68 3.68 3.66 3.67 3.6

8464 P 3.23 3.24 3.29 3.29 3.33 3.35 3.37 3.36 3.37 3.37 3.3
---------------------------------------------------------------------------------------------------------------

P = PREGNANT NP = NOT PREGNANT (VALUES EXCLUDED FROM AVERAGES)

DAY = DAY OF PRESL44ED GESTATION
ALL WEIGHTS WERE RECORDED IN GRAMS (G), ROUNDED TO THREE SIGNIFICANT DIGITS AND REPORTED IN KILOGRAMS (KG).
ALL CALCULATIONS EXCEPT BODY WEIGHT AVERAGES ARE PERFORMED WITH THE UNROUNDED GRM (G) VALUE.

BODY WEIGHT AVERAGES ARE CALCULATED WITH THE ROUNDED KILOGRAM (KG) VALUE.



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 16 (PAGE 3): MATERNAL BODY WEIGHTS - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

PREGNANCY
STATUS DAY 0 7 8 9 10 11 12 13 14 15 16

----------------------------------------------------------------------------------------------------------------

RABBIT # DOSAGE GROUP 11 0.1 MG/KG/DAY
---------------------------------------------------------------------------------------------------------------

8465 P 3.58 3.88 3.94 3.91 3.94 3.97 4.02 4.02 4.09 4.07 4.1

8466 NP 3.53 3.63 3.63 3.64 3.57 3.64 3.63 3.66 3.63' 3.64 3.6

8467 NP 3.43 3.63 3.66 3.66 3.68 3.77 3.73 3.77 3.87 3.80 3.9

8468 P 3.23 3.53 3.55 3.57 3.52 3.53 3.60 3.64 3.68 3.72 3.7

8469 P 3.17 3.39 3.45 3.46 3.49 3.47 3.50 3.56 3.62 3.65 3.8
8470 P 3.00 3.17 3.28 3.22 3.17 3.18 3.17 3.16 3.21 3.27 3.2

8471 P 3.10 3.30 3.37 3.40 3.39 3.38 3.30 3.34 3.34 3.40 3.4

8472 P 3.40 3.40 3.47 3.55 3.64 3.64 3.63 3.66 3.69 3.75 3.6

8473 P 2.95 3.15 3.11 3.11 3.25 3.28 3.25 3.30 3.32 3.30 3.2

8474 P 3.28 3.34 3.36 3.41 3.40 3.40 3.42 3.44 3.48 3.54 3.5

8475 P 3.51 3.47 3.54 3.54 3.49 3.56 3.63 3.67 3.77 3.72 3.7
8476 P 3.58 3.46 3.51 3.52 3.64 3.68 3.59 3.61 3.70 3.64 3.6

8477 NP 3.47 3.54 3.58 3.64 3.59 3.57 3.64 3.74 3.78 3.73 3.6

8478 P 2.95 3.21 3.24 3.25 3.22 3.05 2.96 3.15 3.28 3.26 3.2

8479 P 3.11 3.31 3.39 3.39 3.34 3.34 3.34 3.32 3.33 3.27 3.3

8480 P 3.74 3.69 3.76 3.78 3.78 3.84 3.96 3.90 3.94 3.99 4.0
8481 P 3.32 3.43 3.45 3.42 3.35 3.37 3.38 3.46 3.52 3.60 3.5
8482 P 3.25 3.30 3.41 3.37 3.36 3.39 3.41 3.44 3.50 3.57 3.5

8483 P 3.60 3.57 3.61 3.67 3.72 3.71 3.84 3.74 3.80 3.88 3.9

8484 P 3.18 3.25 3.24 3.29 3.34 3.39 3.46 3.39 3.48 3.53 3.5

8485 P 3.47 3.49 3.S4 3.60 3.63 3.64 3.64 3.68 3.72 3.74 3.7

8486 P 3.87 3.90 3.96 3.99 3.97 3.96 3.91 3.89 3.89 3.94 3.9
---------------------------------------------------------------------------------------------------------------

P = PREGNANT NP - NOT PREGNANT (VALUES EXCLUDED FROM AVERAGES)

DAY = DAY OF PRESUMED GESTATION
ALL WEIGHTS WERE RECORDED IN GRAMS (0), ROUNDED TO THREE SIGNIFICANT DIGITS AND REPORTED IN KILOGRAMS (KG).
ALL CALCULATIONS EXCEPT BODY WEIGHT AVERAGES ARE PERFORMED WITH THE UNROUNDED GRAM (G) VALUE.
BODY WEIGHT AVERAGES ARE CALCULATED WITH THE ROUNDED KILOGRAM (KG) VALUE.
a. Doe 8481 had a litter which consisted on 10 dead fetuses; values excluded from group averages and statisti



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 16 (PAGE 4): MATERNAL BODY WEIGHTS - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

PREGNANCY
STATUS DAY 19 20 21 22 23 24 25 26 27 28 29

----------------------------------------------------------------------------------------------------------------

RABBIT # DOSAGE GROUP 11 0.1 MG/KG/DAY
----------------------------------------------------------------------------------------------------------------

0465 P 4.12 4.15 4.15 4.25 4.23 4.26 4.25 4.32 4.33 4.34 4.34

8466 NP 3.82 3.87 3.89 3.92 3.95 3.94 3.96 4.01 4.03' 3.99 4.0

8467 NP 3.90 3.94 3.98 3.99 4.01 3.98 4.05 4.08 4.07 4.13 4.2

8468 P 3.77 3.83 3.09 3.88 3.89 3.92 3.98 3.94 3.97 3.94 3.9

8469 P 3.66 3.69 3.70 3.75 3.83 3.82 3.88 3.87 3.87 3.96 4.0

8470 P 3.37 3.34 3.36 3.32 3.30 3.28 3.31 3.35 3.37 3.38 3.4

8471 P 3.40 3.50 3.58 3.61 3.64 3.67 3.62 3.63 3.66 3.70 3.7

8472 P 3.82 3.84 3.87 3.93 3.95 3.98 4.03 4.05 4.10 4.12 4.1

8473 P 3.36 3.45 3.48 3.50 3.49 3.51 3.48 3.46 3.46 3.42 3.4

8474 P 3.60 3.65 3.64 3.71 3.74 3.75 3.73 3.77 3.79 4.15 3.8

8475 P 3.85 3.85 3.85 3.87 3.90 3.96 3.99 4.03 4.04 4.11 4.1

8476 P 3.74 3.81 3.91 3.91 3.91 3.97 4.01 4.05 4.10 4.13 4.1

8477 NP 3.74 3.78 3.80 3.82 3.82 3.87 3.88 3.93 3.93 3.97 4.0

8478 P 3.34 3.35 3.42 3.44 3.44 3.48 3.48 3.47 3.40 3.55 3.5

8479 P 3.53 3.57 3.59 3.64 3.72 3.74 3.74 3.80 3.78 3.78 3.7

8480 P 4.03 4.06 4.11 4.18 4.20 4.29 4.26 4.25 4.29 4.29 4.3

8481 P a 3.64 3.65 3.72 3.74 3.78 3.86 3.88 3.93 3.92 3.88 3.8

8482 P 3.51 3.65 3.70 3.70 3.77 3.78 3.81 3.87 3.86 3.89 3.9

8483 P 3.99 3.96 4.02 4.02 4.06 4.13 4.15 4.22 4.21 4.22 4.2

8484 P 3.58 3.62 3.64 3.66 3.71 3.67 3.69 3.62 3.63 3.58 3.5

8485 P 3.80 3.79 3.74 3.80 3.80 3.95 3.88 3.97 4.00 4.02 4.1

8486 P 3.99 4.02 4.07 4.11 4.15 4.20 4.25 4.24 4.15 4.16 4.2
---------------------------------------------------------------------------------------------------------------

P = PREGNANT NP = NOT PREGNANT (VALUES EXCLUDED FROM AVERAGES)

DAY = DAY OF PRESUMED GESTATION
ALL WEIGHTS WERE RECORDED IN GRAMS (C), ROUNDED TO THREE SIGNIFICANT DIGITS AND REPORTED IN KILOGRAMS (KG).

ALL CALCUIATIONS EXCEPT BODY WEIGHT AVERAGES ARE PERFORMED WITH THE UNROUNDED GRAM (G) VALUE.
BODY WEIGHT AVERAGES ARE CALCULATED WITH THE ROUNDED KILOGRAM (KG) VALUE.
a. Doe 8481 had a litter which consisted on 10 dead fetuses; values excluded from group averages and statisti



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 16 (PAGE 5): MATERNAL BODY WEIGHTS - INDIVIDUAL DATA

-----------------------------------------------------------------------------------------------------------------

PREGNANCY
STATUS DAY 0 7 8 9 10 11 12 13 14 is 16

-----------------------------------------------------------------------------------------------------------------

RABBIT # DOSAGE GROUP 111 1.0 MG/KG/DAY
-----------------------------------------------------------------------------------------------------------------

8487 P 3.37 3.47 3.50 3.49 3.50 3.57 3.60 3.64 3.69 3.68 3.72

8488 P 3.18 3.28 3.33 3.33 3.32 3.35 3.40 3.43 3.38' 3.44 3.48

8489 P 3.09 3.23 3.31 3.34 3.36 3.38 3.40 3.43 3.48 3.50 3.58

8490 P 3.58 3.69 3.68 3.59 3.63 3.69 3.77 3.79 3.87 3.88 3.90

8491 P 3.65 3.61 3.62 3.66 3.72 3.72 3.76 3.83 3.86 3.92 3.82

8492 P 3.16 3.37 3.35 3.29 3.28 3.26 3.29 3.27 3.28 3.34 3.36

8493 P 3.71 3.72 3.78 3.74 3.74 3.81 3.84 3.90 3.94 4.00 4.01

8494 P 3.33 3.39 3.40 3.40 3.39 3.47 3.52 3.57 3.66 3.64 3.64

8495 P 3.43 3.57 3.60 3.66 3.67 3.70 3.64 3.74 3.84 3.82 3.83

8496 P 3.52 3.55 3.60 3.45 3.57 3.62 3.6S 3.71 3.74 3.76 3.78

8497 P 3.25 3.40 3.37 3.35 3.37 3.41 3.44 3.45 3.40 3.28 3.49

8498 P 2.87 2.99 3.04 3.06 3.04 3.07 3.11 3.16 3.17 3.19 3.22

8499 P 3.56 3.60 3.60 3.63 3.67 3.69 3.73 3.78 3.76 3.80 3.85

8500 P 3.17 3.30 3.37 3.34 3.30 3.38 3.44 3.46 3.52 3.53 3.56

8501 P 2.96 3.23 3.17 3.24 3.16 3.15 3.17 3.25 3.34 3.44 3.44

8502 NP 3.02 3.31 3.33 3.31 3.21 3.29 3.28 3.24 3.22 3.20 3.28

8503 P 3.91 4.04 4.03 4.08 4.12 4.10 4.09 4.15 4.20 4.26 4.29

8504 P 3.38 3.48 3.53 3.57 3.60 3.62 3.60 3.61 3.64 3.61 3.61

8505 NP 3.22 3.28 3.37 3.33 3.38 3.42 3.44 3.43 3.49 3.53 3.54

8506 p 3.26 3.50 3.58 3.58 3.53 3.56 3.58 3.64 3.69 3.75 3.79

8507 P 3.57 3.56 3.62 3.58 3.57 3,60 3.65 3.66 3.69 3.70 3.71

8508 NP 3.49 3.58 3.60 3.57 3.63 3.66 3.72 3.71 3.74 3.81 3.84
----------------------------------------------------------------------------------------------------------------

P = PREGNANT NP = NOT PREGNANT (VALUES EXCLUDED FROM AVERAGES)
DAY = DAY OF PRESUMED GESTATION
ALL WEIGHTS WERE RECORDED IN GRAMS (G), ROUNDED TO THREE SIGNIFICANT DIGITS AND REPORTED IN KILOGRAMS (KG).

ALL CALCULATIONS EXCEPT BODY WEIGHT AVERAGES ARE PERFORMED WITH THE UNROUNDED GRAM (G) VALUE.
BODY WEIGHT AVERAGES ARE CALCULATED WITH THE ROUNDED KILOGRAM (KG) VALUE.



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY S71JDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 16 (PAGE 6): MATERNAL BODY WEIGHTS - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

PREGNANCY
STATUS DAY 19 20 21 22 23 24 25 26 .27 28 29

----------------------------------------------------------------------------------------------------------------

RABBIT # DOSAGE GROUP 111 1.0 MG/KG/DAY
----------------------------------------------------------------------------------------------------------------

8487 P 3.76 3.80 3.81 3.86 3.89 3.92 3.94 3.92 3.88 3.88 3.90

8488 P 3.56 3.56 3.59 3.64 3.66 3.69 3.70 3.7@ 3.75' 3.72 3.83

8489 P 3.59 3.61 3.64 3.68 3.73 3.73 3.78 3.77 3.82 3.82 3.86

8490 P 3.92 3.97 4.0 2 4.08 4.06 4.09 4.09 4.12 4.12 4.13 4.15

8491 P 3.89 3.91 3.98 4.02 4.04 4.13 4.15 4.17 4.15 4.18 4.20

8492 P 3.46 3.49 3.54 3.57 3.58 3.61 3.61 3.59 3.62 3.68 3.71

8493 P 3.95 3.96 3.95 3.99 3.88 3.98 4.01 4.03 4.03 4.08 4.13

8494 P 3.67 3.70 3.70 3.72 3.75 3.73 3.77 3.76 3.78 3.78 3.81

8495 P 3.82 3.86 3.90 3.96 3.97 3.96 3.96 3.92 3.93 3.93 3.92

8496 P 3.89 3.86 3.92 3.92 3.90 3.68 3.96 3.96 3.96 4.04 4.08

8497 P 3.40 3.50 3.53 3.51 3.58 3.59 3.68 3.66 3.65 3.67 3.65

8498 P 3.33 3.33 3.31 3.33 3.36 3.34 3.37 3.38 3.36 3.37 3.37

8499 P 3.96 3.97 3.97 4.02 4.02 4.05 4.14 4.16 4.24 4.26 4.26

8500 P 3.52 3.64 3.66 3.72 3.73 3.72 3.80 3.82 3.80 3.80 3.79

8501 P 3.46 3.48 3.48 3.46 3.49 3.49 3.51 3.56 3.60 3.65 3.65

8502 NP 3.46 3.44 3.44 3.47 3.48 3.48 3.45 3.42 3.45 3.49 3.51

8503 P 4.31 4.37 4.34 4.38 4.43 4.46 4.48 4.51 4.42 4.45 4.47

8504 P 3.60 3.61 3.62 3.72 3.73 3.78 3.77 3.80 3.72 3.65 3.69

8505 NP 3.54 3.62 3.64 3.69 3.69 3.74 3.76 3.77 3.78 3.86 3.84

8506 P 3.78 3.81 3.84 3.84 3.89 3.94 3.99 4.01 3.99 4.03 4.08

8507 P 3.76 3.81 3.83 3.88 3.89 3.91 3.93 3.91 3.90 3.91 3.98

8508 NP 3.85 3.86 3.86 3.84 3.90 3.99 4.00 3.99 3.88 3.90 3.97
----------------------------------------------------------------------------------------------------------------

P = PREGNANT NP = NOT PREGNANT (VALUES EXCLUDED FROM AVERAGES)

DAY = DAY OF PRESUMED GESTATION
ALL WEIGHTS WERE RECORDED IN GRAMS (G), ROUNDED TO THREE SIGNIFICANT DIGITS AND REPORTED IN KILOGRAMS (KG).

ALL CALCULATIONS EXCEPT BODY WEIGHT AVERAGES ARE PERFORMED WITH THE UNROUNDED GRAM (G) VALUE.
BODY WEIGHT AVERAGES ARE CALCULATED WITH THE ROUNDED KILOGRAM (KG) VALUE.



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 16 (PAGE 7): MATERNAL BODY WEIGHTS - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

PREGNANCY
STATUS DAY 0 7 8 9 10 11 12 13 14 is 16

----------------------------------------------------------------------------------------------------------------

RABBIT # DOSAGE GROUP IV 2.5 MG/KG/DAY
----------------------------------------------------------------------------------------------------------------

8509 P 3.00 3.11 3.13 3.13 3.09 3.11 3.13 3.20 3.23 3.24 3.25
8510 p 3.40 3.53 3.53 3.58 3.61 3.60 3.68 3.78 3.80' 3.81 3.78
8511 NP 3.17 3.33 3.47 3.47 3.50 3.54 3.56 3.60 3.55 3.54 3.51
8512 P 3.37 3.54 3.51 3.60 3.60 3.60 3.59 3.62 3.68 3.73 3.78
8513 NP 3.43 3.56 3.57 3.63 3.61 3.59 3.58 3.66 3.67 3.63 3.64
8514 P 3.32 3.57 3.64 3.65 3.60 3.56 3.61 3.68 3.72 3.74 3.72
8515 P 3.58 3.59 3.71 3.71 3.74 3.71 3.74 3.84 3.85 3.93 3.87
8516 P 3.55 3.63 3.67 3.68 3.64 3.62 3.61 3.59 3.68 3.70 3.69
&Fzl7 P 3.14 3.44 3.38 3.37 3.41 3.45 3.49 3.49 3.43 3.32 3.24
8518 P 3.50 3.70 3.69 3.74 3.74 3.78 3.88 3.82 3.88 3.91 3.91
8519 P 3.27 3.32 3.29 3.36 3.41 3.47 3.44 3.46 3.50 3.55 3.56
8520 P 3.08 3.14 3.16 3.18 3.14 3.15 3.17 3.20 3.26 3.28 3.32
8521 P 3.23 3.44 3.48 3.49 3.47 3.47 3.44 3.45 3.51 3.59 3.57
8522 P 3.74 3.81 3.85 3.91 3.93 3.93 3.96 4.11 4.02 4.10 4.18
8523 NP 3.62 3.83 3.82 3.86 3.90 3.88 3.96 3.96 3.93 3.94 3.80
8524 MP 2.88 3.10 3.14 3.14 3.13 3.10 3.12 3.14 3.20 3.24 3.26
8525 P 3.57 3.66 3.73 3.70 3.68 3.68 3.65 3.68 3.56 3.64 3.67
8526 NP 2.83 2.98 2.95 2.93 2.96 2.99 3.00 3.01 3.01 3.00 3.01
8527 P 3.51 3.53 3.62 3.71 3.69 3.61 3.62 3.64 3.63 3.68 3.61
8528 P 3.17 3.29 3.28 3.29 3.29 3.26 3.25 3.25 3.28 3.37 3.39
8529 P 3.26 3.33 3.41 3.40 3.41 3.41 3.45 3.50 3.53 3.56 3.55
8530 P 3.85 4.01 4.07 4.02 4.00 4.03 4.22 4.11 4.19 4.24 4.24

----------------------------------------------------------------------------------------------------------------

P = PREGNANT NP = NOT PREGNANT (VALUES EXCLUDED FROM AVERAGES)
DAY = DAY OF PRESUMED GESTATION

ALL WEIGHTS WERE RECORDED IN GRAMS (G), ROUNDED TO THREE SIGNIFICANT DIGITS AND REPORTED IN KILOGRAMS (KG).
ALL CALCULATIONS EXCEPT BODY WEIGHT AVERAGES ARE PERFORMED WITH THE UNROUNDED GRAM (G) VALUE.
BODY WEIGHT AVERAGES ARE CALCULATED WITH THE ROUNDED KILOGRAM (KG) VALUE.



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 16 (PAGE 8): MATERNAL BODY WEIGHTS - INDIVIDUAL DATA

-----------------------------------------------------------------------------------------------------------------

PREGNANCY
STATUS DAY 19 20 21 22 23 24 25 26 27 28 29

-----------------------------------------------------------------------------------------------------------------

RABBIT # DOSAGE GROUP IV 2.5 MG/KG/DAY
-----------------------------------------------------------------------------------------------------------------

8509 P 3.24 3.29 3.31 3.32 3.34 3.29 3.33 3.34 3.34 3.39 3.42

8510 P 3.75 3.76 3.81 3.80 3.84 3.83 3.89 3.91 3.92' 3.94 3.98

8511 NP 3.58 3.62 3.63 3.64 3.65 3.62 3.63 3.68 3.68 3.73 3.72

8512 P 3.82 3.79 3.83 3.85 3.87 3.91 3.93 3.86 3.88 3.86 3.92

8513 NP 3.65 3.64 3.65 3.68 3.65 3.66 3.70 3.71 3.75 3.77 3.76

8514 P 3.72 3.73 3.77 3.70 3.70 3.80 3.82 3.82 3.83 3.86 3.86

8515 P 3.90 3.94 4.00 4.01 4.03 4.04 4.04 4.07 4.07 4.01 3.95

8516 P 3.70 3.71 3.76 3.77 3.81 3.89 3.86 3.86 3.89 3.90 3.98

8517 P 3.11 3.10 3.09 3.03 3.03 2.98 ABORTED ON DAY 25 OF GESTATION

8518 P 3.92 3.92 3.94 3.96 3.96 3.93 3.86 3.74 3.62 3.56 3.57

8519 p 3.60 3.61 3.66 3.65 3.68 3.69 3.69 3.66 3.73 3.74 3.78

8520 P 3.33 3.33 3.32 3.32 3.35 3.38 3.39 3.39 3.41 3.43 3.49

8521 P 3.51 3.50 3.54 3.57 3.60 3.63 3.68 3.65 3.64 3.71 3.74

8522 P 4.13 4.19 4.18 4.23 4.27 4.33 4.34 4.37 4.39 4.39 4.46

8523 NP 3.60 3.56 3.50 3.46 3.40 3.36 3.32 3.42 3.51 3.63 3.69

8524 NP 3.20 3.25 3.24 3.28 3.24 3.22 3.18 3.25 3.34 3.33 3.36

8525 P 3.70 3.75 3.71 3.70 3.70 3.82 3.83 3.86 3.88 3.84 3.93

8526 NP 3.11 3.15 3.18 3.23 3.26 3.29 3.26 3.26 3.23 3.24 3.26

8527 P 3.79 3.83 3.84 3.89 3.75 3.72 3.77 3.78 3.75 3.86 3.93

8528 P 3.42 3.41 3.43 3.44 3.44 3.44 3.48 3.46 3.46 3.46 3.51

8529 P 3.58 3.60 3.59 3.60 3.58 3.60 3.64 3.68 3.73 3.80 3.81

8530 P 4.19 4.27 4.28 4.31 4.35 4.40 4.41 4.37 4.34 4.34 4.36
----------------------------------------------------------------------------------------------------------------

P = PREGNANT NP - NOT PREGNANT (VALUES EXCLUDED FROM AVERAGES)

DAY = DAY OF PRESUMED GESTATION
ALL WEIGHTS WERE RECORDED IN GRAMS (C), ROUNDED TO THREE SIGNIFICANT DIGITS AND REPORTED IN KILOGRAMS (KG).
ALL CALCULATIONS EXCEPT BODY WEIGHT AVERAGES ARE PERFORMED WITH THE UNROUNDED GRAM (G) VALUE.
BODY WEIGHT AVERAGES ARE CALCULATED WITH THE ROUNDED KILOGRAM (KG) VALUE.



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 16 (PAGE 9): MATERNAL BODY WEIGHTS - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

PREGNANCY
STATUS DAY 0 7 8 9 10 11 12 13 14 is 16

----------------------------------------------------------------------------------------------------------------

RABBIT # DOSAGE GROUP V 3.75 MG/KG/DAY
----------------------------------------------------------------------------------------------------------------

8531 P 3.36 3.43 3.47 3.52 3.56 3.61 3.66 3.63 3.68 3.74 3.83
8532 P 3.42 3.55 3.54 3.56 3.53 3.55 3.48 3.60 3.58' 3.52 3.46
8533 P 3.55 3.47 3.54 3.48 3.48 3.46 3.49 3.52 3.55 3.58 3.56
8534 P 3.28 3.52 3.47 3.48 3.38 3.33 3.31 3.29 3.30 3.35 3.19
8535 P 3.42 3.64 3.66 3.63 3.57 3.51 3.63 3.69 3.80 3.82 3.78
8536 P 3.32 3.40 3.33 3.71 3.72 3.77 3.74 3.77 3.74 3.72 3.74
8537 P 3.25 3.37 3.36 3.27 3.31 3.31 3.42 3.40 3.32 3.33 3.22
8538 P 2.86 2.96 2.92 2.84 2.79 2.72 2.74 2.78 2.74 2.68 2.66
8539 P 3.07 3.36 3.43 3.36 3.33 3.29 3.30 3.29 3.23 3.17 3.12
8540 P 3.58 3.47 3.52 3.53 3.65 3.64 3.67 3.76 3.84 3.84 3.73
8541 P 3.16 3.25 3.31 3.34 3.35 3.38 3.42 3.44 3.52 3.53 3.52
8S42 P 3.58 3.69 3.72 3.74 3.71 3.70 3.74 3.71 3.74 3.77 3.76
8543 P 3.68 3.81 3.82 3.86 3.88 3.86 3.79 3.73 3.67 3.62 3.61
8544 P 3.00 3.12 3.18 3.20 3.21 3.27 3.28 3.23 3.14 3.08 3.01
8545 P 3.02 3.2S 3.30 3.35 3.43 3.40 3.42 3.41 3.47 3.50 3.54
8546 P 3.21 3.36 3.38 3.38 3.41 3.46 3.51 3.54 3.56 3.58 3.61
8547 P 3.53 3.50 3.60 3.61 3.63 3.65 3.62 3.58 3.54 3.46 3.42
8548 P 3.59 3.59 3.59 3.65 3.73 3.80 3.88 3.81 3.85 3.89 3.84
8549 P 3.20 3.26 3.32 3.30 3.34 3.40 3.39 3.40 3.43 3.41 3.37
8550 P 3.12 3.25 3.31 3.38 3.45 3.51 3.52 3.54 3.54 3.53 3.57
8551 P 3.49 3.40 3.46 3.49 3.51 3.60 3.69 3.66 3.70 3.77 3.60
8552 NP 3.90 3.98 3.99 4.06 3.94 3.96 3.96 3.93 3.90 3.96 3.90

----------------------------------------------------------------------------------------------------------------

P = PREGNANT NP = NOT PREGNANT (VALUES EXCLUDED FROM AVERAGES)
DAY = DAY OF PRESUMED GESTATION
ALL WEIGHTS WERE RECORDED IN GRAMS (C), ROUNDED TO THREE SIGNIFICANT DIGITS AND REPORTED IN KILOGRAMS (KC).
ALL CALCULATIONS EXCEPT BODY WEIGHT AVERAGES ARE PERFORMED WITH THE UNROUNDED GRAM (G) VALUE.
BODY WEIGHT AVERAGES ARE CALCULATED WITH THE ROUNDED KILOGRAM (KG) VALUE.



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 16 (PAGE 10): MATERNAL BODY WEIGHTS - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

PREGNANCY
STATUS DAY 19 20 21 22 23 24 25 26 27 28 29

----------------------------------------------------------------------------------------------------------------

RABBIT DOSAGE GROUP V 3.75 MG/KG/DAY
----------------------------------------------------------------------------------------------------------------

8531 P 3.78 3.84 3.87 3.90 3.97 3.97 3.98 4.08 4.03 4.10 4.13
8532 P 3.30 3.24 3.20 3.36 3.41 3.49 3.49 3.56 3.51' 3.60 3.65
8533 P 3.48 3.46 3.42 3.45 3.48 3.51 3.56 3.59 3.S6 3.57 3.63
8534 P 3.03 3.05 2.93 ABORTED ON DAY 22 OF GESTATION
8535 P 3.82 3.80 3.75 3.66 3.61 3.55 3.49 3.43 3.49 3.53 3.63
8536 P 3.68 3.73 3.82 3.83 3.83 3.92 3.90 3.95 3.92 3.95 4.02
8537 P 3.10 3.10 3.12 3.05 3.07 3.02 ABORTED ON DAY 25 OF GESTATION
8538 P 2.55 2.51 2.49 2.53 2.53 2.32 ABORTED ON DAY 24 OF GESTATION
8539 P 3.02 2.94 2.96 2.85 2.79 ABORTED ON DAY 24 OF GESTATION
8540 P 3.52 3.40 3.36 3.32 3.28 3.21 ABORTED ON DAY 25 OF GESTATION
8541 P 3.57 3.61 3.65 3.66 3.71 3.73 3.73 3.70 3.62 3.64 3.73
8542 P 3.70 3.66 3.66 3.58 3.59 3.54 3.58 3.52 3.57 ABORTED ON D7
8543 P 3.45 3.44 3.40 3.36 3.30 3.25 3.19 3.20 3.16 3.11 3.08
8544 P 2.84 2.88 2.85 2.86 2.80 2.74 ABORTED ON DAY 25 OF GESTATION
8545 P 3.61 3.64 3.66 3.60 3.59 3.66 3.69 3.66 3.69 3.66 3.70
8546 P 3.63 3.65 3.73 3.67 3.67 3.69 3.70 3.70 3.68 3.73 3.76
8547 P 3.25 3.24 3.19 ABORTED ON DAY 22 OF GESTATION
8548 P 3.76 3.67 3.70 3.62 3.58 3.58 ABORTED ON DAY 25 OF GESTATION
8549 P 3.30 3.29 3.33 3.36 3.39 3.46 3.52 3.50 3.56 3.54 3.59
8550 P 3.60 3.62 3.64 3.62 3.68 3.68 3.76 3.76 3.77 3.79 3.73
8551 P 3.76 3.83 3.85 3.82 3.74 3.74 3.80 3.81 3.82 3.87 3.96
8552 NP 3.89 3.88 3.88 3.81 3.92 3.89 3.93 3.89 3.92 3.88 3.93

-----------------------------------------------------------------------------------------------------------

P = PREGNANT NP = NOT PREGNANT (VALUES EXCLUDED FROM AVERAGES)
DAY = DAY OF PRESUMED GESTATION
ALL WEIGHTS WERE RECORDED IN GRAMS (G), ROUNDED TO THREE SIGNIFICANT DIGITS AND REPORTED IN KILOGRAMS (KC).
ALL CALCULATIONS EXCEPT BODY WEIGHT AVERAGES ARE PERFORMED WITH THE UNROUNDED GRAM (G) VALUE.
BODY WEIGHT AVERAGES ARE CALCULATED WITH THE ROUNDED KILOGRAM (KG) VALUE.



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 16 (PAGE 11): MATERNAL BODY WEIGHTS - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

PREGNANCY
STATUS DAY 0 7 8 9 10 11 12 13 14 is 16

----------------------------------------------------------------------------------------------------------------

RABBIT # SATELLITE DOSAGE GROUP 1 0 (VEHICLE) MG/KG/DAY
----------------------------------------------------------------------------------------------------------------

8553 P 3.95 3.96 4.05 4.06 4.09 4.11 3.87 4.07 4.09 4.01 4.18

8554 P 3.36 3.44 3.45 3.52 3.61 3.67 3.60 3.56 3.51' 3.68 3.67

8555 p 3.09 3.05 3.06 3.12 3.13 3.17 3.13 3.09 3.12 3.18 3.29
----------------------------------------------------------------------------------------------------------------

DAY 19 20 21
----------------------------------------------------------------------------------------------------------------

8553 P 4.23 4.25 4.34

8554 P 3.74 3.75 3.84
8555 P 3.33 3.39 3.39

----------------------------------------------------------------------------------------------------------------

P = PREGNANT NP = NOT PREGNANT (VALUES EXCLUDED FROM AVERAGES)

DAY = DAY OF PRESUMED GESTATION
ALL WEIGHTS WERE RECORDED IN GRAMS (G), ROUNDED TO THREE SIGNIFICANT DIGITS AND REPORTED IN KILOGRAMS (KG).
ALL CALCULATIONS EXCEPT BODY WEIGHT AVERAGES ARE PERFORMED WITH THE UNROUNDED GRAM (G) VALUE.
BODY WEIGHT AVERAGES ARE CALCULATED WITH THE ROUNDED KILOGRAM (KG) VALUE.



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 16 (PAGE 12): MATERNAL BODY WEIGHTS - INDIVIDUAL DATA

-----------------------------------------------------------------------------------------------------------------

PREGNANCY

STATUS DAY 0 7 a 9 10 11 12 13 14 15 16

-----------------------------------------------------------------------------------------------------------------

RABBIT # SATELLITE DOSAGE GROUP 11 0.1 MG/KG/DAY
-----------------------------------------------------------------------------------------------------------------

8S56 P 3.80 3.92 3.88 3.88 3.88 3.86 3.80 3.88 3.98 4.00 3.95

8557 P 3.39 3.41 3.45 3.51 3.46 3.47 3.44 3.46 3.44' 3.46 3.51

8558 P 3.56 3.51 3.58 3.61 3.70 3.76 3.66 3.58 3.57 3.67 3.69

8559 P 3.61 3.50 3.60 3.60 3.64 3.63 3.61 3.68 3.72 3.71 3.75

8560 P 3.12 3.22 3.31 3.26 3.28 3.36 3.26 3.34 3.43 3.47 3.52
-----------------------------------------------------------------------------------------------------------------

DAY 19 20 21
-----------------------------------------------------------------------------------------------------------------

8556 P 3.95 3.98 4.03

8557 P 3.63 3.66 3.72

8558 p 3.82 3.83 3.92

8559 P 3.86 3.86 3.88

8560 P 3.50 3.50 3.52
-----------------------------------------------------------------------------------------------------------------

P = PREGNANT NP = NOT PREGNANT (VALUES EXCLUDED FROM AVERAGES)

DAY = DAY OF PRESUMED GESTATION

ALL WEIGHTS WERE RECORDED IN GRAMS (G), ROUNDED TO THREE SIGNIFICANT DIGITS AND REPORTED IN KILOGRAMS (KG).

ALL CALCULATIONS EXCEPT BODY WEIGHT AVERAGES ARE PERFORMED WITH THE UNROUNDED GRAM (G) VALUE.

BODY WEIGHT AVERAGES ARE CALCULATED WITH THE ROUNDED KILOGRAM (KG) VALUE.



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 16 (PAGE 13).- MATERNAL BODY WEIGHTS - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

PREGNANCY
STATUS DAY 0 7 8 9 10 11 12 13 14 15 16

----------------------------------------------------------------------------------------------------------------

RABBIT # SATELLITE DOSAGE GROUP 111 1.0 MG/KG/DAY
----------------------------------------------------------------------------------------------------------------

8561 P 3.98 3.87 3.95 3.96 3.97 4.04 3.92 3.96 3.98 3.98 4.01
8562 P 3.54 3.55 3.58 3.64 3.63 3.65 3.65 3.70 3.73' 3.80 3.81
8563 P 2.98 3.16 3.19 3.15 3.20 3.26 3.23 3.24 3.27 3.30 3.32

----------------------------------------------------------------------------------------------------------------

DAY 19 20 21
----------------------------------------------------------------------------------------------------------------

8561 P 4.12 4.08 4.06
8562 P 3.84 3.84 3.90
8563 P 3.37 3.36 3.35

----------------------------------------------------------------------------------------------------------------

P = PREGNANT NP = NOT PREGNANT (VALUES EXCLUDED FROM AVERAGES)
DAY = DAY OF PRESUMED GESTATION
ALL WEIGHTS WERE RECORDED IN GRAMS (G), ROUNDED TO THREE SIGNIFICANT DIGITS AND REPORTED IN KILOGRAMS (KG).
ALL CALCULATIONS EXCEPT BODY WEIGHT AVERAGES ARE PERFORMED WITH THE UNROUNDED GRAN (G) VALUE.
BODY WEIGHT AVERAGES ARE CALCULATED WITH THE ROUNDED KILOGRAM (KG) VALUE.



PROTOCOL 418-012: OPAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER

TABLE 16 (PAGE 14); MATERNAL BODY WEIGHTS - INDIVIDUAL DATA

---------------------------------------------------------------------------------------------------------------

PREGNANCY
STATUS DAY 0 7 8 9 10 11 12 13 14 15 16

---------------------------------------------------------------------------------------------------------------

RABBIT # SATELLITE DOSAGE GROUP IV 2.5 MG/KG/DAY
---------------------------------------------------------------------------------------------------------------

8564 P 3.86 3.88 3.91 3.95 3.98 4.03 3.95 3.95 4.02 4.07 4.0

8565 P 3.34 3.36 3.42 3.51 3.49 3.55 3.38 3.37 3.34 3.28 3.2

8566 P 3.08 3.09 3.19 3.24 3.30 3.39 3.30 3.32 3.26 3.23 3.2
---------------------------------------------------------------------------------------------------------------

DAY 19 20 21
---------------------------------------------------------------------------------------------------------------

8564 P 4.10 4.07 4.18

8565 P 3.49 3.57 3.60

8566 P 3.27 3.35 3.39
---------------------------------------------------------------------------------------------------------------

P = PREGNANT NP - NOT PREGNANT (VALUES EXCLUDED FROM AVERAGES)

DAY = DAY OF PRESUMED GESTATION
ALL WEIGHTS WERE RECORDED IN GRAMS (G), ROUNDED TO THREE SIGNIFICANT DIGITS AND REPORTED IN KILOGRAMS (KG).
ALL CALCULATIONS EXCEPT BODY WEIGHT AVERAGES ARE PERFORMED WITH THE UNROUNDED GRAM (G) VALUE.

BODY WEIGHT AVERAGES ARE CALCULATED WITH THE ROUNDED KILOGRAM (KG) VALUE.



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 16 (PAGE 15): MATERNAL BODY WEIGHTS - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

PREGNANCY
STATUS DAY 0 7 a 9 10 11 12 13 14 is 16

----------------------------------------------------------------------------------------------------------------

RABBIT # SATELLITE DOSAGE GROUP V 3.75 MG/KG/DAY
----------------------------------------------------------------------------------------------------------------

8567 P 3.91 3.86 3.91 3.94 3.91 3.90 3.97 3.90 3.95 3.96 4.03
8568 P 3.37 3.31 3.34 3.36 3.31 3.30 3.23 3.22 3.28 3.31 3.32
8569 NP 3.60 3.59 3.58 3.59 3.51 3.53 3.37 3.31 3.26 3.20 3.17
8570 P 3.75 3.58 3.59 3.65 3.72 3.78 3.75 3.71 3.62 3.53 3.45
8571 P 2.75 2.85 2.84 2.89 2.88 2.87 2.90 2.91 2.88 2.85 2.84

----------------------------------------------------------------------------------------------------------------

DAY 19 20 21
----------------------------------------------------------------------------------------------------------------

8567 P 3.85 3.70 3.68
6568 P 3.34 3.34 3.39
8569 NP 3.06 3.02 3.00
8570 P 3.52 3.60 3.65
8571 P 2.84 2.88 2.90

----------------------------------------------------------------------------------------------------------------

P = PREGNANT NP = NOT PREGNANT (VALUES EXCLUDED FROM AVERAGES)
DAY - DAY OF PRESUMED GESTATION
ALL WEIGHTS WERE RECORDED IN GRAMS (G), ROUNDED TO THREE SIGNIFICANT DIGITS AND REPORTED IN KILOGRAMS (KG).
ALL CALCULATIONS EXCEPT BODY WEIGHT AVERAGES ARE PERFORMENWITH THE UNROUNDED GRAM (G) VALUE.
BODY WEIGHT AVERAGES ARE CALCULATED WITH THE ROUNDED KILOGRAM (KG) VALUE.



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 17 (PAGE 1): MATERNAL FEED CONSUMPTION VALUES - INDIVIDUAL DATA

-----------------------------------------------------------------------------------------------------------------

PREGNANCY

STATUS DAYS 7 - 8 8 - 9 9 - 10 10 - 11 11 - 12 12 - 13 13 - 14 14 - 15 15 - 16 16 - 17 17 - 1
-----------------------------------------------------------------------------------------------------------------

RABBIT # DOSAGE GROUP 1 0 (VEHICLE) MG/KG/DAY
-----------------------------------------------------------------------------------------------------------------

8443 NP 185. 180. 184. 180. 181. 185. 183. 180. 167. 183. 180.
8444 P 183. 146. 96. 89. 53. 87. 41. ill. 97. 185. 182.

8445 NP 185. 180. 185, 183. 185. 180. 185. 180. 182. iss. 182.
8446 P 151. 94. 92. 124. 171. 185. 185. 184. 157. 182. 181.

8447 P 183. 180. 180. 183. 183. 177. 180. 166. 185. 182. 180.

8448 P 116. Ill. 185. 157. 165. 165. 184. 171. 182. 181. 183.
a449 P 80. 12. 81. 169. 151. 184. 150. 127. 127. 152. 180.
8450 P 180. 184. 166. 168. 166. 161. 125. 182, 184. 182. 185.
8451 P 181. 182. 182. 180. 185. 185. 183. 181. 182. 185. 185
8452 P 16. 26. 27. 107. 90. 65. 86. 143. 185. 181. 185

8453 P 183. 180. 180. 185. 182. 181. 185. 182. 182. 185. 184

8454 P 184. 180. 15. 100. 185. 160. 107. - 181. 180. 185. 185

8455 P 185. 180. 180. 169. 180. 185. ISO. 180. 184. 181. 181
8456 P 4. S. 107. 159. 118. 90. 169. 185. 183. 185. 185
8457 P 185. 184. 165. 133. 97. 74. 93. 183. 182. 167. 173

8458 P 183. 94. 98. 115. 110. 139. 183. 151. 154. 181. 184

8459 P 180. 184. ISO. 182. 185. 185. 184.. 184. 181. 180. 180

8460 P 180. 183. 183. 184. 185. 183. 181. 183. 182. iss. 184
8461 P 171. 165. 150. 131. 81. 119. 123. 146. 148. 153. 154
8462 P 184. 185. 167. 130. 110. 114. 152. 166. 182. 172. 181
8463 P 180. 184. 164. 184. 160. 145. 121. 16S. 183. 183. 180

8464 P 90. 134. 164. 185. 148. 181. 185. 165. 165. ISO. 158
----------------------------------------------------------------------------------------------------------------

P = PREGNANT NP = NOT PREGNANT (VALUES EXCLUDED FROM AVERAGES)

DAYS = DAYS OF PRESUMED GESTATION
ALL WEIGHTS WERE RECORDED IN GRAMS (G).



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER

TABLE 17 (PAGE 2): MATERNAL FEED CONSUMPTION VALUES - INDIVIDUAL DATA

---------------------------------------------------------------------------------------------------------------

PREGNANCY
STATUS DAYS 20 - 21 21 - 22 22 - 23 23 - 24 24 - 25 25 - 26 26 - 27 27 - 28 28 - 29

---------------------------------------------------------------------------------------------------------------

RABBIT # DOSAGE GROUP 1 0 (VEHICLE) MG/KG/DAY
---------------------------------------------------------------------------------------------------------------

8443 NP 182. ISO. 180. 181. 180. 180, 180. 180. 184.

8444 P 163. 180. 122. 106. 173. 100. 101. 102. 122'.

8445 NP 184. 185. 185. 182. 180. 182. 180. 181. 180.

8446 P 182, 180. 185. 182. 180. 63. 19. 37. 94.

8447 P 180. 185. 184. 182. 182. 185. 167. 185. 181.

8448 P 183. 185. 185. 181. 185. 182. 152. 180. 107.

8449 P 180. 185. 180. 185. 185. 185. 138. 120. 66.

8450 P 175. 172. 174. 147. 172. 158. 180. 153. 137.

8451 P 185. 185. 185. 177. 182. 125. 99. 35. 130.

8452 P 185. i85. 185. 182. 183. 185. 180. 120. 135.

8453 P 185. 185. 184. 180. 182, 181. 180. 138. 134.

8454 P 182. 180. 182. 166. 159. 132. 154. 104. 83.

8455 P 171. 168. 182. 161. 180. 130. iss. 100. 96.

8456 P 177. 181. 166. 180. 135. 142. 84. 99. 73.

8457 P 185. 182. 153. 182. 145. 154. 83. 91. 68,

8458 P 116. 87. 55. 69. 51. 66. 15. 2. 1.

8459 P 184. 181. 184. 180. 183. 183. 180. 96. 184.

8460 P 181. 180. 180. 180. 182. 182. 184. 184. 181.

8461 P 141. 128. 148. 117. 98. 45. 77. 95. 89.

8462 P 143. 53. 121. 102. 128. 90. 86. 115. 86.

8463 P 185. 172. 155. 112. 151. 113. 102. 91. 90.

8464 P 185. 140. 157. 125. 2. 105. a 109. 85.
---------------------------------------------------------------------------------------------------------------

P = PREGNANT NP = NOT PREGNANT (VALUES EXCLUDED FROM AVERAGES)
DAYS = DAYS OF PRESUMED GESTATION
ALL WEIGHTS WERE RECORDED IN GRAMS (G).
a. Spilled feed precluded the calculation of this value.



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 17 (PAGE 3): MATERNAL FEED CONSUMPTION VALUES - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

PREGNANCY
STATUS DAYS 7 - 8 a - 9 9 - 10 10 - 11 11 - 12 12 - 13 13 - 14 14 - 15 15 - 16 16 - 17 17 -

----------------------------------------------------------------------------------------------------------------

RABBIT # DOSAGE GROUP 11 0.1 MG/KG/DAY
----------------------------------------------------------------------------------------------------------------

8465 P 185. 184. 183. 184. 182. 180. 185. 184. 183. 181. 184
8466 NP 164. 180. 184. 165. 143. 129. 70. 118. 121'. 181. 183
8467 NP 185. 185. 183, 184. 180. 135. 185. 181. 185. 184. 183
8468 P 183. 185. 180. 180. 183. 181. 183. 185. 185. 183. 185
8469 P 181. 181. 185. 180. 181. 181. 183. 184. 185. 185. 185
8470 P 180. 139. 79. 55. 97. 51. 95. 116. 182. 183. 182
8471 P 184. iso. 183. 129. 3. 76. 83. 102. 181. 164. 181
8472 P 184. 183. 183. 181. 148. 173. 183. 185. 184. 180. 185
8473 P 62. 165. 182. 153. 180. 166. 135. 99. 71. 137, 138
8474 P 184. 180. 180. 147. 149. 123. 108. 170. 174. 183. 175
8475 P 184. 181. 180. 159. 185. 185. 185. 180. 185. 182. 185
8476 P 180. 181. 184. 133. 79. 92. 115. 183. 185. iso. 184
8477 NP 185. 184. 156. 162, 184. 18S. 181. 180. 130. 108. 159
8478 P 180. 125. 95. 17. 14. 81. 184. 185. 144. 116. 181
8479 P 185. 180. 117. 127. 118. 102. 80. 67. 89. 128. 155
8480 P 181. 184. 184. 183. 180. 182. 184. 180. 184. 183. 184
8481 P b 131. 6. 72. 109. 94. 166. 185. 168. 123. 73. 184
8482 P 184. 150. 123.- 158, 130. 182. 185. 184. 180. 185. 184
8483 P 184. 180. 182. 184. 183. 184. 181. 183. 182. 180. 183
8484 P 168. 183. 181. 183. 184. 180. 183. 185. 180. 182. 182
8485 P 182. 184. 182. 185, 138. 181. 185. 181. 180. iso. 180
8486 P 181. 185. 185. 151. 85. 59. 68. 110. 115. 115. 166

-----------------------------------------------------------------------------------------------------------------

P = PREGNANT NP = NOT PREGNANT (VALUES EXCLUDED FROM AVERAGES)
DAYS = DAYS OF PRESUMED GESTATION
ALL WEIGHTS WERE RECORDED IN GRAMS (G).
a. wet feed precluded the calculation of this value.
b. Doe 8481 had a litter which consisted of 10 dead fetuses; values excluded from group averages and statistic
C. Spilled feed precluded the calculation of this value.



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 17 (PAGE 4): MATERNAL FEED CONSUMPTION VALUES - INDIVIDUAL DATA

-----------------------------------------------------------------------------------------------------------------

PREGNANCY
STATUS DAYS 20 - 21 21 - 22 22 - 23 23 - 24 24 - 25 25 - 26 26 - 27 27 - 28 28 - 29

-----------------------------------------------------------------------------------------------------------------
RABBIT # DOSAGE GROUP 11 0.1 MG/KG/DAY
-----------------------------------------------------------------------------------------------------------------

8465 P 183. 181. 183. 185. 181. 180. iss. 180. 182.
8466 NP 183. 184. 170. 180. 185. 167. 182. 144. 126'.
8467 NP 180. 184. 184. 183. 182. 180. 180. 180. 180.
8468 P 180. 180. 182. 126. 163. 120. 140. 86. 81.
8469 P 181. 180. 185. 65. 183. 180. 182. 180. 183.
8470 P 132. 93. 172. 50. 81. 123. 98. 134. 90.
8471 P 185. 185. 180. 103. 70. 99. 97. 161. 110.
8472 P 181. 185. 181. 183. 180. 181. 181. 181. 155.
8473 P 185. 159. 157. 158. 134. 119. 112. 104. 81.
8474 P 153. 152. 157. 109. 121. 103. 119. 80. 82.
8475 P 182. 185. 184. 181. 180. 183. 185. 184. 160.
8476 P 185. 183. 180. lS8. 159. 147. 182. 160. 154.
8477 NP 183. 180. ISO. 182. 183. 185. 183. 184. 172.
8478 P 185. 184. 131. 164. 147. 75. 19. 96. 98.
8479 P 180. 184. 180. 181. 133. 181. 113. 100. 67.
8480 P 180. 185. 183. ISO. 185. 168. 172. 167. 140.
8481 P a 185. 160. 182. 185. 180. 153. 154. 132. 0.
8462 P 185. 183. 184. 156. 183. 181. 163. 166. 133.
8483 P 182. 181. 181. 180. 181. 180. 157. 143. 131.
8484 P 185. 160. 162. 118. 98. 40. 50. 64. 48.
8485 P b 181. 180. 182. 180. 161. 180. 140. 1BI.
8486 P 184. 185. 182. 154. 150. 96. b 70. 69.

-----------------------------------------------------------------------------------------------------------------

P = PREGNANT NP = NOT PREGNANT (VALUES EXCLUDED FROM AVERAGES)
DAYS = DAYS OF PRESUMED GESTATION
ALL WEIGHTS WERE RECORDED IN GRAMS (G).

a. Doe 8481 had a litter which consisted of 10 dead fetuses; values excluded from group averages and statistic
b. Spilled feed precluded the calculation of this value.



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 17 (PAGE 5): MATERNAL FEED CONSUMPTION VALUES - INDIVIDUAL DATA

-----------------------------------------------------------------------------------------------------------------

PREGNANCY
STATUS DAYS 7 - 8 8 - 9 9 - 10 10 - 11 11 - 12 12 - 13 13 - 14 14 - 15 15 - 16 16 - 17 17

-----------------------------------------------------------------------------------------------------------------

RABBIT # DOSAGE GROUP 111 1.0 MG/KG/DAY
-----------------------------------------------------------------------------------------------------------------

8487 P 143. 144. 162. 185. 184. 185. 184. 182. 184. 144. 185.
8488 P 185. iso. 133. 163. 170. 152. 110. 150. 144'. 183. 185.
8489 P 182. 182. 181. 180. 181. 185. 185. 180. 185. 182. 185.
8490 P 149. 69. 145. 167. 185. 185. 181. 163. 183. 181. 180.
8491 P 182. 183. 180. 170. 182. 176. 184. 183. 185. 184. 184.
8492 P 156. 90. 84. 84. 109. 86. 67. 83. 87. 116. 135.
8493 P 180. 156. 182. 182. 181. 185. 182. iso. 139. 142. 153.
8494 P 185. 180. 171. 184. 185. 153. 185. 182. 184. 184. 180.
0495 P 185. 185. 182. 180. 118. 183. 185. 183. 184. 125. 115.
8496 P 184. 115. 139. 146. 156. 152. 153. 182. 184. 185. 185.
8497 P 132. 138. 138. 158. 140. 92. 31. 29. 105. 124. 26.
8498 P 185. 184. 142. 173. 173. 158. 148. 183. 184. 184. 183.
8499 P 180. 181. 181. 183. 183. 183. 180. 185. 184. 185. 182.
8500 p 180. 126. 123, 145. 155. 143. 183. 184. 183. 183. 182.
8501 p 180. 184. a 183. 114. 156. 183. 170. 182. 184. 173.
8502 NP 180. 132. 60. 131. 145. 123. 113. 135. 16S. 160. 149.
8503 P 180. 184. 183. 116. 118. ise. 180. 181. 183. 181. 180.
8504 P 180. 185. 184. 163. 125. 115. 180. 156. 98. 70. 47.
8505 NP 184. 163. 163. 185. 181. 184. 181. 184. 180. 180. 182.
8506 P 181. 132. 156. 158. 126. 184. 174. 182. 185. 180. 182.
8507 P 183. 170. 154. 166. 168. 181. 170. 157. iso. 184. 181.
8508 NP 180. 182. 182. 185. 185. 183. 180. 183. 182. 185. 183.

-----------------------------------------------------------------------------------------------------------------

P = PREGNANT NP = NOT PREGNANT (VALUES EXCLUDED FROM AVERAGES)
DAYS = DAYS OF PRESUMED GESTATION
ALL WEIGHTS WERE RECORDED IN GRAMS (G).
a. Spilled feed precluded the calculation of this value.



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 17 (PAGE 6): MATERNAL FEED CONSUMPTION VALUES - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

PREGNANCY

STATUS DAYS 20 - 21 21 - 22 22 - 23 23 - 24 24 - 25 25 - 26 26 - 27 27 - 28 28 - 29
----------------------------------------------------------------------------------------------------------------

RABBIT # DOSAGE GROUP 111 1.0 MG/KG/DAY
----------------------------------------------------------------------------------------------------------------

8487 P 185. 182. 182. 185. 183. 128. 110. 77. 99.
8488 P 184. 184. 180. 185. 185. 181. 181. 181. 181
8489 P 185. 182. ISO. 182. 185. 183. 185. 168. 173.
8490 P 184. 183. 185. 180. 180. 183. 114. 144. 85.
8491 P 185. 185. 182. 180. 160. 180. 120. 127. 94.
8492 P 170. 178. 173. 182. 133. 157. 138. 184. 120.
8493 P 135. 147. 136. 182. 114. 138. 132. 154. 103.
8494 P 185. 185. 155. 94. 139. 117. 161. 116. 101.
8495 P 162. 181. 162. 109. 83. 56. 90. 66. 62.
8496 P 167. 154. 136. 106. 149. 127. 152. 124. 127.
8497 P 185. 181. 184. 180. 184. 153. 175. 119. 107.
8498 P 164. 162. 165. 109. 183. BB. 101. 73. 50.
8499 P 185. 185. 180. 183. 184. 180. 184. 180. 157.
8500 p 178. 185. 166. 120. 151. 183. 121. 133. 55.
8501 P 107. 74. 75. 130. 129. 182. 161. 169. 125.
8502 NP 154. 184. 130. 180. 80. 114. 112. 134. 46.
8503 P 184. 181. 184. 167. 153. 165. 103. 119. 94.
8504 P isi. 147. 142. 183. 84. 98. B. 7. 52.
8505 NP 181. 184. 184. 182. 185. 165. 174. 175. 146.
8506 p 180. 180. 2. 180. 184. 140. 136. 132. 120.
8507 P 180. 166. 181. 125. 142. 82. 81. 103. 110.
8508 NP 182. 181. 181. 159. 182. 52. 95. 154. 155.

----------------------------------------------------------------------------------------------------------------

P = PREGNANT NP = NOT PREGNANT (VALUES EXCLUDED FROM AVERAGES)
DAYS = DAYS OF PRESUMED GESTATION
ALL WEIGHTS WERE RECORDED IN GRAMS (G).



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 17 (PAGE 7): MATERNAL FEED CONSUMPTION VALUES - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

PREGNANCY

STATUS DAYS 7 - 8 a - 9 9 - 10 10 - 11 11 - 12 12 - 13 13 - 14 14 - 15 15 - 16 16 - 17 17 -
----------------------------------------------------------------------------------------------------------------

RABBIT # DOSAGE GROUP IV 2.5 MG/KG/DAY
----------------------------------------------------------------------------------------------------------------

8509 P 146. 130. 72. 102. 85. 140. 125. 50. 108. 130. 180

esio p 182. 185. 183. 180. 184. 183. 182. 130. 106. 153. 167

8511 NP 185. 182. 181. 181. 181. 173. 112. 100. 119. 142. 147

8512 P 182. 181. 181. 180. 169. 178. 184. 185. ISO. 180. 180

8513 NP 183. 185. 159. 163. 147. 168. 136. 112. 108. 161. 115

8514 P 184. 134. 80. 76. 108. 184. 185. 133. 122. 182. 180

8515 P 182. 125. 182. 180. 182. 183. 185. 185. 185. 182. 182

8516 P 180. 158. 108. 79. 101. 49. 110. 138. 180. 169. 140

8517 P 112. 180. 184. 165. 161. 130. 52. 6. 18. 1. 3

8518 P 179. 184. 185. 182. 185. 127. 133. 129. 184. 171. 92

8519 P 121. 185. 185. 162. 125. 138. 110. 162. 180. 144. 145

8520 P 181. 173. 125. 147. 121. 149. 133. 176. 153. 148. 127

8521 P 180. 153. 136. 133. 88. 100. 137. 182. 166. 124. 99

8522 P 180. 185. 184. 185. 185. 182. 183. 185. 185. 180. 180

8523 NP 185. 183. 164. 149. 185. iss. 184. 183. 109. 39. 8

8524 NP 184. 167. 155. 127. 140. Ill. 175. 166. 159. 153. 118

8525 P 185. 133. 124. 154. 164. 151. 181. 184. 183. 180. 180

8526 NP 162. 147. 133. 106. 155. 143. 159. 136. 143. 152. 148

8527 P 180. 184. 147. 150. 88. 80. 57. 81. 20. 89. 155

8528 P 159. 145. 156. 106. 84. 62. 113. 146. 143. 132. 135

8529 P 185. 135. 152. 151. 136. 184. 169. 160. 160. 143. 143

8530 P 183. 184. 181. 185. 184. 183. 184. 180. 183. 180. 182
----------------------------------------------------------------------------------------------------------------

P = PREGNANT NP = NOT PREGNANT (VALUES EXCLUDED FROM AVERAGES)

DAYS = DAYS OF PRESUMED GESTATION

ALL WEIGHTS WERE RECORDED IN GRAMS (G).



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 17 (PAGE 8): MATERNAL FEED CONSUMPTION VALUES - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

PREGNANCY
STATUS DAYS 20 - 21 21 - 22 22 - 23 23 - 24 24 - 25 25 - 26 26 - 27 27 - 28 28 - 29

----------------------------------------------------------------------------------------------------------------

RABBIT # DOSAGE GROUP IV 2.5 MG/KG/DAY
----------------------------------------------------------------------------------------------------------------

8509 p 184. 119. 87. 59. 114. 94. 117. 93. 86.
8510 P 150. 154. 138. 152. 180. 166. 157. 133. 118'.
8511 NP 143. 153. 146. 135. 150. 144. 159. 147. 132.
8512 P 183. 185. 185. 176. 146. 92. 76. 98. 90.
8513 NP 139. 128. 122. 135. 144. 122. 154. 143. 116.
8514 P 132. 92. 153. 109. 164. 105. 147. 121. 117.
8515 P 183. 185. 185. 180. 110. 154. 106. 90. 10.
8516 P 122. 125. 154. 167. 130. 109. 97. 180. 123.
8517 P 0. 38. 54. 75. ABORTED ON DAY 25 OF GESTATION
8518 P 132. 118. 119. 52. 2. 0. 0. 7. 26.
8519 p 148. 137. 134. 90. 94. 78. 126. 104. 108.
8520 P 91. 133. 144. 125. 140. 116. 134. 107. 106.
8521 P 120. 137. 147. 126. 134. 108. 136. 118. 120.
8522 P 185. 181. 150. 180. 154. 180. 160. 166. 183.
8523 NP 4. 0. 2. 0. 0. 93. 108. 163. 172.
8524 NP 128. 98. 67. 28. 78. 176. 158. 145. 110.
8525 P 185. a 185. 181. 108. 138. 102. 106. 88.
8526 NP 160. 185. 166. 183. 133. 133. 116. 158. 141.
8527 P 182. 149. 30. 89. 128. 168. 84. ISO. 170.
8528 P 140. 101. 105. 73. 62. 74. 66. 79. go.
8529 P 124. 92. 87. 84. 144. 122. 150. 159. 126.
8530 P 185. 180. 183. 182. 181. 116. 103. 62. 94.

----------------------------------------------------------------------------------------------------------------

P = PREGNANT NP = NOT PREGNANT (VALUES EXCLUDED FROM AVERAGES)
DAYS = DAYS OF PRESUMED GESTATION
ALL WEIGHTS WERE RECORDED IN GRAMS (G).
a. Spilled feed precluded the calculation of this value.



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 17 (PAGE 9): MATERNAL FEED CONSUMPTION VALUES - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

PREGNANCY
STATUS DAYS 7 - 8 8 - 9 9 - 10 10 - 11 11 - 12 12 - 13 13 - 14 14 - 15 15 - 16 16 - 17 17 -

----------------------------------------------------------------------------------------------------------------

RABBIT # DOSAGE GROUP V 3.75 MG/KG/DAY
----------------------------------------------------------------------------------------------------------------

8531 P 181. 185. 184. 181. 181. 152. 135. 185. 184. 184. 185

8532 P 184. 146. 117. 93. 64. 183. 131. 21. 5'. 10. 0

8533 P 183. 139. 102. ill. 116. 142. 113. 90. 64. 94. 96

8534 P 147. 145. 86. 66. 19. 56. 29. 3. 11. 2. 0

8535 P 167. 93. 65. 105. 185. 185. iss. 150. 181. 180. 152

8536 P 44. 184. 183. 184. 178. 144. 81. 66. 80. 81. 67

8537 P 134. 73. 99. 102. 165. 73. 3. 0. 12. 0. 4

8538 P S. 44. 18. 2. 46. 23. 5. 0. 2. 0. 10

8539 P 184. 103. 65. 23. 83. S. 3. 0. 3. 3. 13

8540 P 184. 184. 185. 183. 180. 18S. 184. 169. 78. 3. 0

8541 P 180. 183. 180. 180. 171. 174. 165. 182. 181. 184. 185

8542 P 184. 182. 149. 147. 113. 100. 107. 158. 76. 121. 84

8543 P 185. 163. 159. 118. 86. 22. 6. 1. 9. 4. 0

8544 P 185. 180. 184. 182. 143. 84. 10. 2. 2. 24. 12

8545 P 180. 180. 179. 165. 159. 129. 175. 183. 185. 184. 183

8546 P 0. 182. 182. 183. 182. 180. 183. 182. 183. 182. 150

8547 P 181. 181. 151. 90. 28. 22. 4. 1. 7. 3. 5

8548 P 180. 183. 183. 185. 183- 184. 150. 147. 140. 121. 104

8549 P 185. 185. 185. 105. 126. 157. 145. 113. 60. 6. 17

8550 P 183. 185. 182. 185. 160. 171. 183. 184. 184. 173. 152

8551 P 183. 183. ISO. 184. 185. 183. 185. 182. 185. 166. 183

8552 NP 161. 161. 125. 119. 106. 144. 122. 127. 143. 104. 130
----------------------------------------------------------------------------------------------------------------

P = PREGNANT NP = NOT PREGNANT (VALUES EXCLUDED FROM AVERAGES)
DAYS = DAYS OF PRESUMED GESTATION
ALL WEIGHTS WERE RECORDED IN GRAMS (G).



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 17 (PAGE 10): MATERNAL FEED CONSUMPTION VALUES - INDIVIDUAL DATA

-----------------------------------------------------------------------------------------------------------------

PREGNANCY

STATUS DAYS 20 - 21 21 - 22 22 - 23 23 - 24 24 - 25 25 - 26 26 - 27 27 - 28 28 - 29
-----------------------------------------------------------------------------------------------------------------

RABBIT # DOSAGE GROUP V 3.75 MG/KG/DAY
-----------------------------------------------------------------------------------------------------------------

8531 P 180. 180. 185. 184. 185. 182. 180. 127. 141.

8532 P 0. 89. 124. 137. 183. 180. 182. 185. 182'.

8533 P 17. 46. 81. 78. 114. 92. 108. 70. 103.

8534 P S. ABORTED ON DAY 22 OF GESTATION

8535 P 40. 4. 1. 2. 2. 1. 41. 171. 82.

8536 P 166. 167. 180. 185. 164. 182. 124. 183. 121.

8537 P 0. 0. 0. 0. ABORTED ON DAY 25 OF GESTATION

8538 P 9. 10. 7. ABORTED ON DAY 24 OF GESTATION

8539 P 0. 0. 0. ABORTED ON DAY 24 OF GESTATION

8540 P 4. 1. 0. 6. ABORTED ON DAY 25 OF GESTATION

8541 P 185. 180. 183. 147. 138. 70, 23. 56. 107.

8542 P 1. 2. 7. 3. 13. B. 10. ABORTED ON DAY 28 OF GESTATION

8543 P 2. 2. 0. 1. 1. 0. 0. 0. 0.

8544 P 1. 4. 4. 0. ABORTED ON DAY 25 OF GESTATION

8545 P 118. 182. 181. 180. 157. 183. 119. 11. 71.

8546 P 159. 124. 145. 5. 132. 84. 105. 106. 112.

8547 P 0. ABORTED ON DAY 22 OF GESTATION

8548 P 180. 12. 2. 122. ABORTED ON DAY 25 OF GESTATION

8549 P 92. 95. 99. 181. 180. 144. 166. 128. 131.

8550 P 175. Ill. 184. ill. 181. 131. 136. 127. 65.

8551 P 127. 91. 41. 56. 139. 116. 149. 169. 154,

8552 NP 99. 78. 141. 107. 143. 95. 107. 104. 110.

-----------------------------------------------------------------------------------------------------------------

P = PREGNANT NP = NOT PREGNANT (VALUES EXCLUDED FROM AVERAGES)

DAYS = DAYS OF PRESUMED GESTATION

ALL WEIGHTS WERE RECORDED IN GRAMS (G).



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 17 (PAGE 11): MATERNAL FEED CONSUMPTION VALUES - INDIVIDUAL DATA

-----------------------------------------------------------------------------------------------------------------

PREGNANCY
STATUS DAYS 7 - 8 8 - 9 9 - 10 10 - 11 11 - 12 12 - 13 13 - 14 14 - 15 15 - 16 16 - 17 17 - 1

-----------------------------------------------------------------------------------------------------------------

RABBIT # SATELLITE DOSAGE GROUP 1 0 (VEHICLE) MG/KG/DAY
----------------------------------------------------------------------------------------------------------------

8553 P 184. 185. 169. 184. 7. 180. 185. 185. 180. 180. 184
8554 P 185. 184. 180. 185. 185. 183. 184. 184. ISO . 180. 184
8555 p 103. 142. 114. 97. 87. 113. 85. 126, 107. 150. 171

----------------------------------------------------------------------------------------------------------------

DAYS 20 - 21
----------------------------------------------------------------------------------------------------------------

8553 P ISO.
8554 P 182.
8555 p 120.

----------------------------------------------------------------------------------------------------------------

P = PREGNANT NP = NOT PREGNANT (VALUES EXCLUDED FROM AVERAGES)
DAYS - DAYS OF PRESUMED GESTATION
ALL WEIGHTS WERE RECORDED IN GRAMS (G).



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 17 (PAGE 12): MATERNAL FEED CONSUMPTION VALUES - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

PREGNANCY
STATUS DAYS 7 - 8 a - 9 9 - 10 10 - 11 11 - 12 12 - 13 13 - 14 14 - 15 15 - 16 16 - 17 17 -

---------------------------------------------------------------------------------------------------------------

RABBIT # SATELLITE DOSAGE GROUP Il 0.1 MG/KG/DAY
---------------------------------------------------------------------------------------------------------------

8556 P 147. 142. 133. 130. 128. 165. 143. 165. 85. 68. 15
BSS7 P 181. 172. 104. 180. 94. 150. 92. 110. 146 . 154. is
85SB P 18S. 183. 184. 182. 151. 132. 30. 118. 159. 180. 18
8559 P 182. 180. 183. 185. 83. 182. 184. 183. 185. 185. is
8560 P 185. 153. 115. 126. 90. 182. 184. 184. 185. 180. 16

---------------------------------------------------------------------------------------------------------------

DAYS 20 - 21
---------------------------------------------------------------------------------------------------------------

8556 P 182.
8557 P 183.
8558 P 159.
8559 p 184.
8560 P 108.

---------------------------------------------------------------------------------------------------------------

P = PREGNANT NP - NOT PREGNANT (VALUES EXCLUDED FROM AVERAGES)
DAYS = DAYS OF PRESUMED GESTATION
ALL WEIGHTS WERE RECORDED IN GRAMS (C).



PROTOCOL 418-012: OPAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 17 (PAGE 13): MATERNAL FEED CONSUMPTION VALUES - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------
PREGNANCY
STATUS DAYS 7 - 8 a - 9 9 - 10 10 - 11 11 - 12 12 - 13 13 - 14 14 - 15 15 - 16 16 - 17 17 -

----------------------------------------------------------------------------------------------------------------

RABBIT # SATELLITE DOSAGE GROUP iir 1.0 MG/KG/DAY
----------------------------------------------------------------------------------------------------------------

8561 P 184. 180. 185. 138. 74. 155. 184. 180. 180. 184. 184
8562 P 181. 180. 180. 184. 134. 185. 185. 183. 180'. 185. 180
8563 P 134. 124. 151. 147. 125. 166. 141. 139. 150. 147. 140

----------------------------------------------------------------------------------------------------------------

DAYS 20 - 21
----------------------------------------------------------------------------------------------------------------

8561 P 180.
8962 P 173.
8563 P 95.

----------------------------------------------------------------------------------------------------------------
P = PREGNANT NP = NOT PREGNANT (VALUES EXCLUDED FROM AVERAGES)
DAYS = DAYS OF PRESUMED GESTATION
ALL WEIGHTS WERE RECORDED IN GRAMS (G).



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 17 (PAGE 14): MATERNAL FEED CONSUMPTION VALUES - INDIVIDUAL DATA

-----------------------------------------------------------------------------------------------------------------

PREGNANCY
STATUS DAYS 7 - 8 8 - 9 9 - 10 10 - 11 11 - 12 12 - 13 13 - 14 14 - 15 15 - 16 16 - 17 17 - I

-----------------------------------------------------------------------------------------------------------------

RABBIT # SATELLITE DOSAGE GROUP IV 2.5 MG/KG/DAY
-----------------------------------------------------------------------------------------------------------------

8564 P 164. 180. 177. 141. 116. 158. 125. 139. 127. 132. 180.
8565 P 183. 163. 185. 151. 38. 30. 2. 1. 1. 154. 185.
8566 P 185. 184. 183. 180. 107. 126. 49. 32. 63. 57. 86.

-----------------------------------------------------------------------------------------------------------------

DAYS 20 - 21
-----------------------------------------------------------------------------------------------------------------

8564 P 166.
8565 P 123.
8566 P 151.

-----------------------------------------------------------------------------------------------------------------

P = PREGNANT NP = NOT PREGNANT (VALUES EXCLUDED FROM AVERAGES)
DAYS = DAYS OF PRESUMED GESTATION
ALL WEIGHTS WERE RECORDED IN GRAMS (G).



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 17 (PAGE 15): MATERNAL FEED CONSUMPTION VALUES - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

PREGNANCY
STATUS DAYS 7 - 8 8 - 9 9 - 10 10 - 11 11 - 12 12 - 13 13 - 14 14 - 15 15 - 16 16 - 17 17 -

----------------------------------------------------------------------------------------------------------------

RABBIT # SATELLITE DOSAGE GROUP V 3.75 MG/KG/DAY
----------------------------------------------------------------------------------------------------------------

8567 P 182. 183. 114. 116. 153. 65. 182. 143. 129. 34. 109
8568 P 140. 139. 79. 63. 55. 64. 73. 83. 83'. oil 113
8569 NP 185. 132. 67. 182. 0. 4. 2. 0. S. 12. a
8570 P 185. 184. 184. 182. 148. 180. 83. 4. 7. 13. 6
8571 P 119. lie. 115. 184. 72. 79. 19. 25. 48. 66. 107

----------------------------------------------------------------------------------------------------------------

DAYS 20 - 21
----------------------------------------------------------------------------------------------------------------

8567 P 0.
8568 P 132.
8569 NP 0.
8570 P 174.
8571 P 84.

----------------------------------------------------------------------------------------------------------------

P = PREGNANT NP = NOT PREGNANT (VALUES EXCLUDED FROM AVERAGES)
DAYS = DAYS OF PRESUMED GESTATION
ALL WEIGHTS WERE RECORDED IN GRAMS (G).



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 18 (PAGE 1): CAESAREAN-SECTIONING OBSERVATIONS - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

VIABLE FETUSES DEAD FETUSES EARLY RESORPTIONS LATE RESORPTIONS IMPLANTATION SITES C
------------------------ ---------------- ---------------- ---------------- ---------------- ---
SEX RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIG

RABBIT # M F HORN TOTAL HORN TOTAL HORN TOTAL HORN TOTAL HORN TOTAL
----------------------------------------------------------------------------------------------------------------
DOSAGE GROUP 1 0 (VEHICLE) MG/KG/DAY
----------------------------------------------------------------------------------------------------------------

8443 NOT PREGNANT
8444 5 2 2 5 7 0 0 0 0 0 0 0 0 0 2 5 7 2
8445 NOT PREGNANT
8446 3 4 2 5 7 0 0 0 0 0 0 0 0 0 2 5 7 6
8447 5 7 5 7 12 0 0 0 0 0 0 0 @o 0 5 7 12 7
8448 6 4 6 4 10 0 0 0 0 0 0 1 0 1 7 4 11 7
8449 7 2 4 5 9 0 0 0 0 0 0 0 0 0 4 5 9 6
8450 6 4 6 4 10 0 0 0 0 1 1 0 0 0 6 5 11 7
8451 5 2 5 2 7 0 0 0 0 0 0 0 0 0 5 2 7 7
8452 2 4 5 1 6 0 0 0 0 1 1 0 0 0 5 2 7 6
8453 5 4 5 4 9 0 0 0 0 0 0 0 0 0 5 4 9 6
8454 3 7 6 4 10 0 0 0 0 0 0 0 0 0 6 4 10 7
8455 5 6 5 6 11 0 0 0 0 0 0 0 0 0 5 6 11 6
0456 4 2 3 3 6 0 0 0 0 0 0 0 0 0 3 3 6 3
8457 4 4 5 3 8 0 0 0 0 0 0 0 0 0 5 3 8 5
84S8 6 8 7 7 14 0 0 0 0 0 0 0 0 0 7 7 14 7
8459 2 5 6 1 7 0 0 0 0 0 0 0 0 0 6 1 7 6
8460 4 3 4 3 7 0 0 0 0 0 0 0 0 0 4 3 7 4
8461 3 3 2 4 6 0 0 0 0 0 0 0 0 0 2 4 6 6
8462 3 6 5 4 9 0 0 0 0 0 0 0 0 0 5 4 9 6
8463 6 4 9 1 10 0 0 0 1 0 1 0 0 0 10 1 11 10
8464 3 7 7 3 10 0 0 0 0 0 0 0 0 0 7 3 10 7

----------------------------------------------------------------------------------------------------------------

M = MALE F = FEMALE
PLACENTAE APPEARED NORMAL UNLESS NOTED OTHERWISE.



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 18 (PAGE 2): CAESAREAN-SECTIONING OBSERVATIONS - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------
VIABLE FETUSES DEAD FETUSES EARLY RESORPTIONS LATE RESORPTIONS IMPLANTATION SITES C

------------------------ ---------------- ---------------- ---------------- ----------------
SEX RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIG

RABBIT # M F HORN TOTAL HORN TOTAL HORN TOTAL HORN TOTAL HORN TOTAL
----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP Il 0.1 MG/KG/DAY
-----------------------------------------------------------------------------------------------------------------

8465 1 5 3 3 6 0 0 0 1 0 1 0 0 0 4 3 7 4
8466 NOT PREGNANT
8467 NOT PREGNANT
8468 3 7 4 6 10 0 0 0 0 0 0 0 0 0 4 6 10 8
8469 2 5 6 1 7 0 0 0 0 0 0 0 0 0 6 1 7 7
8470 6 1 4 3 7 0 0 0 0 0 0 0 0 0 4 3 7 4
8471 3 6 3 6 9 0 0 0 0 0 0 0 0 0 3 6 9 5
8472 3 6 6 3 9 0 0 0 0 0 0 0 0 0 6 3 9 6
8473 4 4 5 3 8 0 0 0 1 0 1 0 0 0 6 3 9 6
8474 4 5 4 5 9 0 0 0 0 0 0 0 0 0 4 5 9 5
8475 2 5 3 4 7 0 0 0 0 0 0 0 0 0 3 4 7 4
8476 6 4 6 4 10 0 0 0 0 0 0 0 0 0 6 4 10 6
8477 NOT PREGNANT
8478 6 4 6 4 10 0 0 0 0 0 0 0 0 0 6 4 10 7
8479 6 9 6 9 is 0 0 0 0 0 0 0 0 0 6 9 15 8
8480 6 3 6 3 9 0 0 0 0 0 0 0 0 0 6 3 9 6
8481a 0 0 0 0 0 3 7 10 0 0 0 0 0 0 3 7 10 3
8482 4 5 3 6 9 0 0 0 0 0 0 0 0 0 3 6 9 3
8483 6 2 5 3 8 0 0 0 0 0 0 0 0 0 5 3 8 7
8484 6 3 6 3 9 0 0 0 0 0 0 0 0 0 6 3 9 6
8485 3 6 6 3 9 0 0 0 0 0 0 0 0 0 6 3 9 7
8486 3 8 5 6 11 0 0 0 0 0 0 0 0 0 5 6 11 7

----------------------------------------------------------------------------------------------------------------
M = MALE F = FEMALE
PLACENTAE APPEARED NORMAL UNLESS NOTED OTHERWISE.

a. Doe 8481 had a litter which consisted of 10 dead fetuses; values excluded from group averages and statistic



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 18 (PAGE 3): CAESAREAN-SECTIONING OBSERVATIONS - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

VIABLE FETUSES DEAD FETUSES EARLY RESORPTIONS LATE RESORPTIONS IMPLANTATION SITES c
------------------------ ---------------- ---------------- ---------------- ---------------- ---

SEX RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIG
RABBIT # M F HORN TOTAL HORN TOTAL HORN TOTAL HORN TOTAL HORN TOTAL
----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP 111 1.0 MG/KG/DAY
----------------------------------------------------------------------------------------------------------------

8487 4 2 3 3 6 0 0 0 0 0 0 0 0 0 3 3 6 3
8488 3 4 2 5 7 0 0 0 1 0 1 0 0 0 3 5 8 5
8489 2 4 2 4 6 0 0 0 1 0 1 0 0 0 3 4 7 3
8490 1 4 0 5 5 0 0 0 0 0 0 0 0 0 0 5 5 2
8491 5 4 3 6 9 0 0 0 0 0 0 0 1 1 3 7 10 5
8492 2 7 6 3 9 0 0 0 0 0 0 0 0 0 6 3 9 6
8493 2 3 1 4 5 0 0 0 0 0 0 0 3 3 1 7 a 2
8494 2 4 2 4 6 0 0 0 0 0 0 0 0 0 2 4 6 5
8495 7 3 7 3 10 0 0 0 0 0 0 0 0 0 7 3 10 9
8496 1 8 7 2 9 0 0 0 0 0 0 0 0 0 7 2 9 a
8497 4 3 3 4 7 0 0 0 0 0 0 0 0 0 3 4 7 3
8498 3 6 1 8 9 0 0 0 0 0 0 0 0 0 1 a 9 1
8499 6 2 3 5 a 0 0 0 0 0 0 0 0 0 3 5 8 3
8500 S 5 2 a 10 0 0 0 0 0 0 0 1 1 2 9 11 3
8501 8 3 6 5 11 0 0 0 0 0 0 0 0 0 6 5 11 8
8502 NOT PREGNANT
8503 5 5 8 2 10 0 0 0 0 0 0 0 0 0 a 2 10 9
8504 4 6 3 7 10 0 0 0 0 0 a 0 0 0 3 7 10 5
8505 NOT PREGNANT
8506 4 5 7 2 9 0 0 0 0 0 0 0 0 0 7 2 9 8
8507 3 3 0 6 6 0 0 0 0 0 0 0 0 0 0 6 6 3
8508 NOT PREGNANT

----------------------------------------------------------------------------------------------------------------

M = MALE F = FEMALE
PLACENTAE APPEARED NORMAL UNLESS NOTED OTHERWISE.



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 18 (PAGE 4): CAESAREAN-SECTIONING OBSERVATIONS - INDIVIDUAL DATA

-----------------------------------------------------------------------------------------------------------------

VIABLE FETUSES DEAD FETUSES EARLY RESORPTIONS LATE RESORPTIONS IMPLANTATION SITES co
------------------------ ---------------- ---------------- ---------------- ---------------- ----

SEX RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGH

RABBIT # M F HORN TOTAL HORN TOTAL HORN TOTAL HORN TOTAL HORN TOTAL 0
-----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP IV 2.5 MG/KG/DAY
-----------------------------------------------------------------------------------------------------------------

8509 2 s 3 4 7 0 0 0 1 0 1 0 0 0 4 4 a 4

8510 4 4 5 3 8 0 0 0 0 0 0 0 0 0 5 3 a 7

8511 NOT PREGNANT

8512 3 4 5 2 7 0 0 0 0 0 0 0 0 0 5 2 7 7

8513 NOT PREGNANT

8514 3 4 3 4 7 0 0 0 0 0 0 0 0 0 3 4 7 6

851S 4 5 3 6 9 0 0 0 0 0 0 0 0 0 3 6 9 4

8516 4 3 2 5 7 0 0 0 0 0 0 0 0 0 2 5 7 3

8517 ABORTED ON DAY 25 OF GESTATION

8518 7 2 4 5 9 0 0 0 0 0 0 1 0 1 5 5 10 7

8519 6 2 3 5 a 0 0 0 0 0 0 0 0 0 3 5 a 3

8520 3 2 2 3 5 0 0 0 0 0 0 0 0 0 2 3 5 2

8521 6 4 6 4 10 0 0 0 0 0 0 0 0 0 6 4 10 7

8522 3 6 5 4 9 0 0 0 0 0 0 0 1 1 5 5 10 6

8523 NOT PREGNANT

8524 NOT PREGNANT

8525 5 6 5 6 11 0 0 0 0 0 0 0 0 0 5 6 11 6

8526 NOT PREGNANT

8527 7 4 6 5 11 0 0 0 0 0 0 0 0 0 6 s 11 6

8520 3 4 5 2 7 0 0 0 0 0 0 0 0 0 5 2 7 6

8529 2 3 1 4 5 0 0 0 1 0 1 0 0 0 2 4 6 3

8530 4 6 7 3 10 0 0 0 0 0 0 0 0 0 7 3 10 7
-----------------------------------------------------------------------------------------------------------------

M = MALE F = FEMALE

PLACENTAE APPEARED NORMAL UNLESS NOTED OTHERWISE.



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NTIMBER:

TABLE 18 (PAGE 5): CAESAREAN-SECTIONING OBSERVATIONS - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

VIA13LE FETUSES DEAD FETUSES EARLY RESORPTIONS LATE RESORPTIONS IMPLANTATION SITES c
------------------------ ---------------- ---------------- ---------------- ---------------- ---
SEX RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIG

RABBIT # M F HORN TOTAL HORN TOTAL HORN TOTAL HORN TOTAL HORN TOTAL
----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP V 3.75 MG/KG/DAY
----------------------------------------------------------------------------------------------------------------

8531 6 3 4 5 9 0 0 0 0 0 0 0 0 0 4 5 9 4
8532 4 4 5 3 8 0 0 0 0 0 0 0 0 0 5 3 8 6
8533 2 4 3 3 6 0 0 0 0 0 0 0 0 0 3 3 6 7
8534 ABORTED ON DAY 22 OF GESTATION
8535 8 3 8 3 11 0 0 0 0 0 0 0 0 0 a 3 11 8
8536 3 5 2 6 8 0 0 0 1 0 1 0 0 0 3 6 9 3
8537 ABORTED ON DAY 25 OF GESTATION
8538 ABORTED ON DAY 24 OF GESTATION
8539 ABORTED ON DAY 24 OF GESTATION
8540 ABORTED ON DAY 25 OF GESTATION
8541 2 5 5 2 7 0 0 0 0 0 0 0 0 0 5 2 7 5
8542 ABORTED ON DAY 28 OF GESTATION
8543 2 7 6 3 9 0 0 0 0 0 0 0 1 1 6 4 10 7
8544 ABORTED ON DAY 25 OF GESTATION
8545 5 8 6 7 13 0 0 0 0 0 0 0 0 0 6 7 13 6
8546 0 7 2 5 7 0 0 0 0 0 0 0 0 0 2 5 7 3
$547 ABORTED ON DAY 22 OF GESTATION
0540 ABORTED ON DAY 25 OF GESTATION
8S49 6 4 5 5 10 0 0 0 0 0 0 0 0 0 5 5 10 7
8550 7 3 5 5 10 0 0 0 0 0 0 0 0 0 5 5 10 7
8551 5 5 5 5 10 0 0 0 0 0 0 0 0 0 5 5 10 5
8552 NOT PREGNANT

----------------------------------------------------------------------------------------------------------------

M = MALE F = FEMALE
PLACENTAE APPEARED NORMAL UNLESS NOTED OTHERWISE.



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 18 (PAGE 6): CAESAREAN-SECTIONING OBSERVATIONS - INDIVIDUAL DATA

-----------------------------------------------------------------------------------------------------------------

VIABLE FETUSES DEAD FETUSES EARLY RESORPTIONS LATE RESORPTIONS IMPLANTATION SITES co
------------------------ ---------------- ---------------- ---------------- ---------------- ----

RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGH
RABBIT HORN TOTAL HORN TOTAL HORN TOTAL HORN TOTAL HORN TOTAL 0
-----------------------------------------------------------------------------------------------------------------

SATELLITE DOSAGE GROUP 1 0 (VEHICLE) MG/KG/DAY
-----------------------------------------------------------------------------------------------------------------

8553 4 9 13 0 0 0 0 0 0 0 0 0 4 9 13 4
8554 5 5 10 0 0 0 0 0 0 0 0 0 5 5 10 5
8555 3 5 8 0 0 0 0 0 0 0 0 0 3 5 a 3

-----------------------------------------------------------------------------------------------------------------
SATELLITE DOSAGE GROUP 11 0.1 MG/KG/DAY
-----------------------------------------------------------------------------------------------------------------

8556 4 4 8 0 0 0 0 0 0 0 0 0 4 4 8 4
8557 3 4 7 0 0 0 0 0 0 1 0 1 4 4 8 4
8558 5 5 10 0 0 0 0 0 0 0 0 0 5 5 10 5
8559 7 4 11 0 0 0 0 0 0 0 0 0 7 4 11 7
8560 4 7 11 0 0 0 0 0 0 0 0 0 4 7 11 4

-----------------------------------------------------------------------------------------------------------------

SATELLITE DOSAGE GROUP 111 1.0 MG/KG/DAY
-----------------------------------------------------------------------------------------------------------------

8561 0 2 2 0 0 0 0 0 0 0 0 0 0 2 2 0
8562 5 4 9 0 0 0 0 0 0 0 0 0 5 4 9 5
8563 1 6 7 0 0 0 0 0 0 0 0 0 1 6 7 2

-----------------------------------------------------------------------------------------------------------------

SATELLITE DOSAGE GROUP IV 2.5 MG/KG/DAY
-----------------------------------------------------------------------------------------------------------------

8564 5 5 10 0 0 0 0 0 0 0 0 0 5 5 10 5
8565 7 3 10 0 0 0 0 0 0 0 0 0 7 3 10 7
8566 4 4 8 0 0 0 0 0 0 0 0 0 4 4 a 4

-----------------------------------------------------------------------------------------------------------------

SATELLITE DOSAGE GROUP V 3.7S MG/KG/DAY
-----------------------------------------------------------------------------------------------------------------

8567 3 7 10 0 0 0 0 0 0 0 0 0 3 7 10 3
8568 5 2 7 0 0 0 0 0 0 0 0 0 5 2 7 5
8569 NOT PREGNANT
8570 4 5 9 0 0 0 a 0 0 0 0 0 4 5 9 6
8571 0 2 2 0 0 0 1 0 1 0 0 0 1 2 3 2

-----------------------------------------------------------------------------------------------------------------

PLACENTAE APPEARED NORMAL UNLESS NOTED OTHERWISE.



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PPOS IN RABBITS (SPONSOR'S STUDY NUMBER-

TABLE 19 (PAGE 1) : LITTER OBSERVATIONS (CAESAREAN -DELIVERED FETUSES) - INDIVIDUAL DATA

-----------------------------------------------------------------------------------------------------------------

NUMBER OF LIVE AVERAGE FETAL ---- CONCEPTUSES ------
FETUSES BODY WEIGHT (G) DEAD OR RESORBED

-----------------------------------------------------------------------------------------------------------------

RABBIT # MALE FEMALE TOTAL MALE FEMALE TOTAL a N N 7,
-----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP 1 0 (VEHICLE) MG/KG/DAY
-----------------------------------------------------------------------------------------------------------------

8443 NOT PREGNANT
8444 5 2 7 51.30 49.86 50.89 7 0 0.0
8445 NOT PREGNANT
8446 3 4 7 51.60 46.62 48.75 7 0 0.0
8447 5 7 12 44.66 42.94 43.66 12 0 0.0
8448 6 4 10 47.24 44.60 46.18 11 1 9.1
8449 .7 2 9 44.62 47.62 45.29 9 0 0.0
8450 6 4 10 44.86 42.48 43.91 11 1 9.1

8451 5 2 7 47.34 49.38 47.92 7 0 0.0
8452 2 4 6 47.98 50.26 49.50 7 1 14.3
8453 5 4 9 50.65 45-67 48.44 9 0 0.0

8454 3 7 10 44.11 39.29 40.74 10 0 0.0
8455 5 6 11 46.24 42.17 44.02 11 0 0.0
8456 4 2 6 46.98 51.80 48.59 6 0 0.0
84S7 4 4 8 44.81 41.70 43.26 a 0 0.0

8458 6 8 14 37.79 36.06 36.80 14 0 0.0
8459 2 5 7 39.94 43.44 42.44 7 0 0.0
8460 4 3 7 44.86 44.63 44.76 7 0 0.0

8461 3 3 6 44.44 47.33 45.88 6 0 0.0

8462 3 6 9 38.30 38.28 38.29 9 0 0.0

8463 6 4 10 40.69 38.04 39.63 11 1 9.1
8464 3 7 10 31.60 34.98 33.97 10 0 0.0

-----------------------------------------------------------------------------------------------------------------

a. TOTAL - SUM OF FETAL WEIGHTS/NUMBER OF LIVE FETUSES.



PROTOCOL 418-012: ORAL ISTOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER

TABLE 19 (PAGE 2): LITTER OBSERVATIONS (CAESAREAN-DELIVERED FETUSES) - INDIVIDUAL DATA

---------------------------------------------------------------------------------------------------------------

NUMBER OF LIVE AVERAGE FETAL ---- CONCEPTUSES ------
FETUSES BODY WEIGHT (G) DEAD OR RESORBED

---------------------------------------------------------------------------------------------------------------

RABBIT # MALE FEMALE TOTAL MALE FEMALE TOTAL a N N 06
---------------------------------------------------------------------------------------------------------------

DOSAGE GROUP 11 0.1 MG/KG/DAY
---------------------------------------------------------------------------------------------------------------

8465 1 5 6 45.60 47.09 46.84 7 1 14.3
8466 NOT PREGNANT
8467 NOT PREGNANT
0468 3 7 10 43.49 39.60 40.77 10 0 0.0
8469 2 5 7 43.00 47.51 46.22 7 0 0.0
8470 6 1 7 41.04 36.76 40.43 7 0 0.0
8471 3 6 9 41.56 41.22 41.33 9 0 0.0
8472 3 6 9 44.55 40.00 41.52 9 0 0.0
8473 4 4 8 38.61 39.84 39.23 9 1 11.1
8474 4 5 9 44.18 43.07 43.57 9 0 0.0
8475 2 5 7 41.22 39.68 40.12 7 0 0.0
8476 6 4 10 41.29 36-39 39.33 10 0 0.0
8477 NOT PREGNANT
8478 6 4 10 38.49 38.S4 38.51 10 0 0.0.
8479 6 9 15 37.45 34.32 35.57 15 0 0.0
8480 6 3 9 43.58 44.16 43.78 9 0 0.0
8481b 0 0 0 ---- ---- ---- 10 10 100.0
8482 4 5 9 37.77 36.95 37.31 9 0 0.0
8483 6 2 8 47.47 48.04 47.61 8 a 0.0
8484 6 3 9 41.16 43.89 42.07 9 0 0.0
8485 3 6 9 42.66 45.71 44.70 9 0 0.0
8486 3 8 11 39.65 41.71 41.14 11 0 0.0

---------------------------------------------------------------------------------------------------------------
a. TOTAL = SUM OF FETAL WEIGHTS/NUMBER OF LIVE FETUSES.

b. Doe 8481 had a litter which consisted of 10 dead fetuses; values excluded from group averages and statisti



PROTOCOL 418-012: OPAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER

TABLE 19 (PAGE 3): LITTER OBSERVATIONS (CAESAREAN-DELIVERED FETUSES) - INDIVIDUAL DATA

---------------------------------------------------------------------------------------------------------------

NUMBER OF LIVE AVERAGE FETAL ---- CONCEPTUSES ------
FETUSES BODY WEIGHT (G) DEAD OR RESORBED

--------------------------------------------------------------------------------------------------------------

RABBIT # MALE FEMALE TOTAL MALE PEMALE TOTAL a N N !k
-----------------------------------------------------------------------------------------------------
DOSAGE GROUP 111 1.0 MG/KG/DAY

---------------------------------------------------------------------------------------------------------------

8487 4 2 6 45.08 47.92 46.03 6 0 0.0
8488 3 4 7 44.95 48.43 46.94 a 1 12.5
8489 2 4 6 47.74 45.64 46.34 7 1 14.3
8490 1 4 5 52.43 49.38 49.99 5 0 0.0
8491 5 4 9 43.39 38.25 41.11 10 1 10.0
8492 2 7 9 39.84 39.32 39.44 9 0 0.0
8493 2 3 5 45.12 40.46 42.33 8 3 37.5
8494 2 4 6 40.86 41.00 40.95 6 0 0.0
8495 7 3 10 39.82 37.36 39.09 10 0 0.0
8496 1 8 9 50.85 43.20 44-05 9 0 0.0
8497 4 3 7 44.44 46.43 45.30 7 0 0.0
8498 3 6 9 32.90 35.34 34.52 9 0 0.0
8499 6 2 8 38.95 39.98 39.21 8 0 0.0
8500 5 5 10 40.43 37.51 38.97 11 1 9.1
8501 8 3 11 40.83 35.95 39.50 11 0 0.0
8502 NOT PREGNANT
8503 5 5 10 40.58 37.54 39.06 10 0 0.0
8504 4 6 10 34.81 37.76 36.58 10 0 0.0
8505 NOT PREGNANT
8506 4 5 9 49.77 45.23 47.25 9 0 0.0
8507 3 3 6 29.49 50.22 39.85 6 0 0.0
8508 NOT PREGNANT

---------------------------------------------------------------------------------------------------------------

a. TOTAL = SUM OF FETAL WEIGHTS/NUMBER OF LIVE FETUSES.



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 19 (PAGE 4)- LITTER OBSERVATIONS (CAESAREAN-DELIVERED FETUSES) - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

NUMBER OF LIVE AVERAGE FETAL ---- CONCEPTUSES ------
FETUSES BODY WEIGHT (G) DEAD OR RESORBED

---------- -----------------------------------------------------------------------------------------------------

RABBIT # MALE FEMALE TOTAL MALE FEMALE TOTAL a N N &
----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP IV 2.5 MG/KG/DAY
---------- -----------------------------------------------------------------------------------------------------

8509 2 5 7 42.72 44.49 43.98 a 1 12.5
8510 4 4 8 46.61 34.32 40.46 8 0 0.0
8511 NOT PREGNANT
8512 3 4 7 46.69 46.17 46.39 7 0 0.0
8513 NOT PREGNANT
8514 3 4 7 44.41 40.65 42.26 7 0 0.0
8515 4 5 9 36.02 35.39 35.67 9 0 0.0
8516 4 3 7 44.57 41.71 43.34 7 0 0.0
8517 ABORTED ON DAY 25 OF GESTATION
8518 7 2 9 33.81 29.02 32.74 10 1 10.0
8519 6 2 8 37.80 36.28 37.42 8 0 0.0
8520 3 2 5 38.96 44.59 41.21 5 0 0.0
8521 6 4 10 41.46 36.27 39.39 10 0 0.0
8522 3 6 9 43.88 44-50 44.29 10 1 10.0
8523 NOT PREGNANT
8524 NOT PREGNANT
8525 5 6 11 35.57 31.32 33.25 11 0 0.0
8526 NOT PREGNANT
8527 7 4 11 32.91 33.76 33.22 11 0 0.0
8528 3 4 7 45.15 43.71 44.32 7 0 0.0
8529 2 3 5 38.80 41.40 40.36 6 1 16.7
8530 4 6 10 39.56 40.17 39.93 10 0 0.0

----------------------------------------------------------------------------------------------------------------

a. TOTAL = SUM OF FETAL WEIGHTS/NUMBER OF LIVE FETUSES.



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER

TABLE 19 (PAGE 5): LITTER OBSERVATIONS (CAESAREAN-DELIVERED FETUSES) - INDIVIDUAL DATA

---------------------------------------------------------------------------------------------------------------

NUMBER OF LIVE AVERAGE FETAL ---- CONCEPTUSES ------

FETUSES BODY WEIGHT (G) DEAD OR RESORBED
---------------------------------------------------------------------------------------------------------------

RABBIT # MALE FEMALE TOTAL MALE FEMALE TOTAL a N N t
---------------------------------------------------------------------------------------------------------------

DOSAGE GROUP V 3.75 MG/KG/DAY
---------------------------------------------------------------------------------------------------------------

8531 6 3 9 40.47 39.78 40.24 9 0 0.0
8532 4 4 a 34.20 34.17 34.18 8 0 0.0

8533 2 4 6 40.65 37.75 38.72 6 0 0.0
8534 ABORTED ON DAY 22 OF GESTATION
8535 8 3 11 32.41 22.67 29.75 11 0 0.0

8536 3 5 8 36.22 36.17 36.19 9 1 11.1

8537 ABORTED ON DAY 25 OF GESTATION
8538 ABORTED ON DAY 24 OF GESTATION
8539 ABORTED ON DAY 24 OF GESTATION
8540 ABORTED ON DAY 25 OF GESTATION

8541 2 5 7 43.72 39.86 40.96 7 0 0.0

8542 ABORTED ON DAY 28 OF GESTATION

8543 2 7 9 17.69 13.84 14.70 10 1 10.0

8544 ABORTED ON DAY 25 OF GESTATION
8545 5 8 13 27.58 25.53 26-32 13 0 0.0

8546 0 7 7 ---- 38.59 38.59 7 0 0.0

8547 ABORTED ON DAY 22 OF GESTATION

8548 ABORTED ON DAY 25 OF GESTATION

8549 6 4 10 28.54 26.52 27.73 10 0 0.0
8550 7 3 10 36.26 34.96 35.87 10 0 0.0

8551 5 5 10 37.36 37.93 37.64 10 0 0.0

8552 NOT PREGNANT
---------------------------------------------------------------------------------------------------------------

a. TOTAL = SUM OF FETAL WEIGHTS/NUMBER OF LIVE FETUSES.



PROTOCOL 418-012: OPAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER

TABLE 19 (PAGE 6): LITTER OBSERVATIONS (CAESAREAN-DELIVERED FETUSES) - INDIVIDUAL DATA

---------------------------------------------------------------------------------------------------------------

NUMBER OF LIVE AVERAGE FETAL ---- CONCEPTUSES ------
FETUSES BODY WEIGHT (G) DEAD OR RESORBED

---------------------------------------------------------------------------------------------------------------

RABBIT # TOTAL TOTAL a N N !k
---------------------------------------------------------------------------------------------------------------

SATELLITE DOSAGE GROUP 1 0 (VEHICLE) MG/KG/DAY
---------------------------------------------------------------------------------------------------------------

8553 13 4.96 13 0 0.0
8554 10 4.59 10 0 0.0
8555 8 5.14 8 0 0.0

---------------------------------------------------------------------------------------------------------------

SATELLITE DOSAGE GROUP 11 0.1 MG/KG/DAY
---------------------------------------------------------------------------------------------------------------

8556 8 5.17 8 0 0.0
8557 7 4.69 8 1 12.5
8558 10 4.56 10 0 0.0
8559 11 5.21 11 0 0.0
8560 11 4.96 11 0 0.0

---------------------------------------------------------------------------------------------------------------

SATELLITE DOSAGE GROUP 111 1.0 MG/KG/DAY
---------------------------------------------------------------------------------------------------------------

8561 2 5.37 2 0 0.0
8562 9 5.12 9 0 0.0
8563 7 5.06 7 0 0.0

---------------------------------------------------------------------------------------------------------------

SATELLITE DOSAGE GROUP IV 2.5 MG/KG/DAY
---------------------------------------------------------------------------------------------------------------

8564 10 4.89 10 0 0.0
8565 10 5.49 10 0 0.0
8566 8 4.14 8 0 0.0

---------------------------------------------------------------------------------------------------------------

SATELLITE DOSAGE GROUP V 3.75 MG/KG/DAY
---------------------------------------------------------------------------------------------------------------

8567 10 4.30 10 0 0.0
8568 7 4.61 7 0 0.0
8569 NOT PREGNANT
8570 9 5.18 9 0 0.0
8S71 2 5.78 3 1 33.3

---------------------------------------------------------------------------------------------------------------

a. TOTAL = SUM OF FETAL WEIGHTS/NUMBER OF LIVE FETUSES.



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER

TABLE 20 (PAGE 1): FETAL SEX, VITAL STATUS AND BODY WEIGHT - INDIVIDUAL DATA

---------------------------------------------------------------------------------------------------------------

FETUS # 1 2 3 4 5 6 7 8 9 10 11 12 13 14 is 16
---------------------------------------------------------------------------------------------------------------

DOSAGE GROUP 1 0 (VEHICLE) MG/KG/DAY
---------------------------------------------------------------------------------------------------------------

RABBIT # CLs
8443 NOT PREGNANT

8444 2/ 6 MA FA / MA MA FA MA MA
56.21 51.03 53.74 53.50 48.70 49.27 43.80

8445 NOT PREGNANT

8446 6/ 7 MA MA / MA FA FA PA FA
52.73 45.56 56.50 52.59 46.91 43.50 43.48

8447 7/ 8 FA FA MA FA MA MA MA FA FA FA FA MA
52.34 43.91 43.11 44.81 44.16 44.38 43.14 46.06 44.06 32.77 36.63 48.49

8448 7/ 5 ?4A FA MA MA L MA FA FA MA FA MA
44.73 43.94 50.24 48.10 45.20 42.35 48.09 50.37 44.00 44.83

8449 6/ 6 FA FA MA MA MA MA MA MA MA
46.84 48.40 42.94 48.11 49.00 46.13 42.21 39.98 44.01

8450 7/ 6 MA MA FA FA MA FA MA E FA MA MA
50.79 47.41 45.63 41.80 37.55 40.11 50.49 42.39 37.99 44.95

8451 7/ 2 MA MA MA FA MA FA MA
47.90 49.72 44.85 45.48 49.43 53.27 44.79

8452 6/ 3 FA FA FA MA MA E FA
45.63 55.44 52.04 48.77 47.20 47.92

8453 6/ 7 MA FA MA MA PA FA MA MA PA
62.37 51.25 52.51 50.58 36.80 48.85 39.38 48.41 45.78

8454 7/ 5 FA FA FA FA FA FA FA btA MA MA
41.88 38.46 37.67 41.55 36.23 39.41 39.85 42.97 45.40 43.97

8455 G/ 7 MA FA MA FA FA MA FA MA FA FA MA
46.20 43.72 42.71 44.40 46.73 48.40 45.18 45.99 36.63 36.36 47.92

---------------------------------------------------------------------------------------------------------------

M = MALE F = FEMALE A = ALIVE D = DEAD E = EARLY RESORPTION L = LATE RESORPTION DENOTES POSITI
CLS = CORPORA LUTEA/OVARY FETAL BODY WEIGHTS WERE RECORDED IN GRAMS (G).



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 20 (PAGE 2): FETAL SEX, VITAL STATUS AND BODY WEIGHT - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

FETUS # 1 2 3 4 5 6 7 8 9 10 11 12 13 14 is 16
----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP 1 0 (VEHICLE) MG/KG/DAY
----------------------------------------------------------------------------------------------------------------
RABBIT # CLa

8456 3/ 4 FA MA MA / FA MA KA
50.69 48.39 46.64 52.91 47.19 45.70

8457 5/ 3 MA MA FA FA MA FA MA FA
49.24 40-91 45.36 41.77 39.57 43.53 49.51 36.15

8458 7/ 7 MA FA FA FA MA PA MA FA PA MA MA PA FA MA
48.33 34.86 37.64 41.01 30.01 32.55 38.35 41.70 37.67 40.03 35.05 33.42 29.59 34.98

8459 6/ 1 FA FA MA KA FA FA FA
50.26 46.54 43.89 35.98 37.66 40.16 42.57

8460 4/ 4 FA MA FA MA MA FA MA
47.79 45.01 47.77 40.17 49.24 38.33 45.04

8461 6/ 4 MA FA FA FA MA MA
43.96 43.13 48.41 50.44 42.14 47.23

8462 61 5 MA FA FA MA FA FA FA FA MA
40.36 38.51 38.20 41.28 40.99 39.45 38.36 34.18 33.26

8463 10/ 3 E FA MA PA MA MA FA FA MA 14A / MA
41.92 43.20 44.40 38.14 34.30 37.73 28.09 34.76 42.28 51.47

8464 7/ 3 MA FA FA FA FA MA FA FA MA FA
34.27 30.24 35.00 32.69 30.71 26.55 36.96 40.65 33.98 38.63

----------------------------------------------------------------------------------------------------------------

M = MALE F - FEMALE A - ALIVE D = DEAD E = EARLY RESORPTION L - LATE RESORPTION DENOTES POSITIO
CLS = CORPORA LUTEA/OVARY FETAL BODY WEIGHTS WERE RECORDED IN GRAMS (G).



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR-S STUDY NUMBER

TABLE 20 (PAGE 3): FETAL SEX, VITAL STATUS AND BODY WEIGHT - INDIVIDUAL DATA

---------------------------------------------------------------------------------------------------------------

FETUS # 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
--------------------------------------------------------------------------------------------------------------

DOSAGE GROUP 11 0.1 MG/KG/DAY
--------------------------------------------------------------------------------------------------------------

RABBIT # CLs
8465 4/ 3 MA FA FA E FA FA FA

45.60 43.81 48.51 48.37 48.03 46.75

8466 NOT PREGNANT

8467 NOT PREGNANT

8468 B/ 7 MA MA MA PA FA FA FA FA FA PA

47.27 40.38 42.81 36.38 44.10 44.88 39.45 35.81 37.69 38.89

8469 7/ 2 FA FA FA FA MA FA MA

53.28 51.18 45.06 44.83 39.47 43.21 46.53

8470 4/ 5 MA FA MA MA MA MA KA

42.48 36.76 36.81 42.03 46.43 41.31 37.18

8471 S/ 8 MA MA FA FA FA MA FA FA FA

33.93 45.03 40.91 38.12 40.87 45.72 42.20 41.34 43.88

8472 6/ 4 FA FA MA FA FA FA MA FA MA

44.77 42.76 40.73 41.27 32.00 33.58 52.07 45.61 40.86

8473 6/ 5 MA FA E MA MA FA FA FA MA

49.18 38.09 34.07 25.96 29.61 47.33 44.35 45.23

8474 5/ 5 MA MA MA FA FA FA FA MA FA

43.52 44.47 43.89 38.06 47.20 45.16 43.96 44.86 40.99

8475 4/ 4 FA MA FA MA FA FA FA

33.93 42.02 41.30 40.42 38.71 43.59 40.89

8476 6/ 6 FA MA FA FA FA MA / t4A MA MA MA

44.27 44.37 38.82 30.39 32.09 37.95 47.12 42.34 35.65 40.30

8477 NOT PREGNANT
---------------------------------------------------------------------------------------------------------------

M = MALE F - FEMALE A = ALIVE D = DEAD E = EARLY RESORPTION L = LATE RESORPTION DENOTES POSITI

CLs = CORPORA LUTEA/OVARY FETAL BODY WEIGHTS WERE RECORDED IN GRAMS (G).



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 20 (PAGE 4): FETAL SEX, VITAL STATUS AND BODY WEIGHT - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

FETUS # 1 2 3 4 5 6 7 8 9 10 11 12 13 14 is 16
----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP 11 0.1 MG/KG/DAY
----------------------------------------------------------------------------------------------------------------

RABBIT # CLs
8478 7/ 5 MA FA MA MA MA FA / MA FA MA FA

46.49 39.16 38.92 33.12 35.57 41.39 44.32 35.54 32.50 38.05
8479 S/ 9 FA FA FA FA FA MA MA MA MA MA FA MA FA FA FA

22.79 35.71 35.64 38.48 43.11 35.88 34.26 42.60 41.00 43.87 45.69 27.08 25.39 32.10 29.98

8480 6/ 3 MA FA FA 14A MA MA FA MA 14A

46.60 41.98 40.91 46.54 39.30 42.05 49.60 45.06 41.95

8481a 3/ 8 FD FD FD FD MD FD FD FD FD FD

45-86 46.91 45.99 51.11 47.50 45.01 38.98 41.14 38.31 41.88

8482 3/ 7 MA FA FA MA MA FA MA FA PA

43.89 45.85 37.85 39.97 35.69 31.76 31.53 30-39 38.88

8483 7/ 4 MA FA FA MA MA MA MA MA

55.20 51.95 44.14 38.19 45.14 45.41 47.60 53.27

8484 6/ 3 FA MA MA MA FA MA MA FA MA

48.76 48.13 42.50 46.08 39.88 25.38 42.43 43.02 42.47

8485 7/ 4 FA MA FA FA MA FA FA FA MA

49.61 48.36 43.09 44.08 38.45 43.78 52.45 41.27 41.17

8486 7/ 6 FA MA FA PA FA FA FA MA FA MA FA

45.21 44.96 44.27 37.15 39.12 44.51 45.63 40.85 36.11 33.13 41.65
----------------------------------------------------------------------------------------------------------------

M = MALE F = FEMALE A = ALIVE D = DEAD E = EARLY RESORPTION L = LATE RESORPTION DENOTES POSITI(

CLs = CORPORA LUTEA/OVARY FETAL BODY WEIGHTS WERE RECORDED IN GRAMS (G).
a. Doe 8481 had a litter which consisted of 10 dead fetuses; values excluded from group averages and Btatiati



PROTOCOL 418-012; ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER

TABLE 20 (PAGE 5)- FETAL SEX, VITAL STATUS AND BODY WEIGHT - INDIVIDUAL DATA

---------------------------------------------------------------------------------------------------------------

FETUS # 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
---------------------------------------------------------------------------------------------------------------

DOSAGE GROUP 111 1.0 MG/KG/DAY
---------------------------------------------------------------------------------------------------------------

RABBIT # CLs
8487 3/ 4 FA MA MA FA MA MA

46.05 48.00 43.38 49.80 45.05 43.88
8488 S/ 6 E PA FA FA FA MA MA MA

46.18 49.04 50.97 47.52 43.30 42.11 49.43
8489 3/ 5 MA FA E FA MA FA FA

47.90 46.58 44.56 47.57 43.24 48.17
8490 2/ 5 MA FA FA FA FA

52.43 50.12 43.68 48.93 54.79
8491 S/ 8 MA FA 14A FA MA L MA MA FA FA

46.90 38.03 43.41 45.04 48.94 1.26 41.01 36.71 35.45 34.47
8492 6/ 3 MA FA FA MA PA FA FA FA FA

42.28 38.88 39.50 37.41 33.81 36.29 44.06 40.60 42.09
8493 2/10 PA MA L L L MA FA FA

45.19 45.57 5.95 0.79 0.98 44.67 37.65 38.55
8494 5/ 6 MA MA FA FA FA FA

41.15 40.58 43.50 40.57 38.44 41.47
8495 9/ 4 MA MA FA MA FA MA MA / MA FA MA

43.56 42.88 35.41 31.44 32.83 28.21 45.91 45.94 43.85 40.84
8496 8/ 5 FA FA FA FA FA FA FA / FA MA

53.70 48.23 45.40 35.33 41.06 34.07 35.52 52.26 50.85
8497 3/ 5 MA FA FA FA MA MA MA

47.84 47.91 44.18 47.21 47.13 39.11 43.69
8498 1/ 8 MA PA FA FA MA FA FA MA FA

38.14 38.40 36.49 35.23 32.16 30.78 32.92 28.40 38.21
8499 3/ 5 MA MA MA PA PA MA MA MA

42.91 40.01 39.98 41.98 37.98 34.30 37.94 30.55
--------------------------------------------------------------------------------------------------------------

M = MALE F = FEMALE A = ALIVE D = DEAD E = EARLY RESORPTION L = LATE RESORPTION DENOTES POSIT
CLS = CORPORA LUTEA/OVARY FETAL BODY WEIGHTS WERE RECORDED IN GRAMS (G).



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 20 (PAGE 6): FETAL SEX, VITAL STATUS AND BODY WEIGHT - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

FETUS # 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP 111 1.0 MG/KG/DAY
----------------------------------------------------------------------------------------------------------------

RABBIT # CLs
8500 3/ 9 FA t4A/ FA MA FA MA L FA FA f4A MA

43.88 42.23 35.01 43.85 35.53 36.84 1.33 38.59 34.52 42.42 36.79
8501 B/ 6 MA MA MA MA MA MA MA FA FA MA FA

43.17 36.70 41.88 42.12 40.72 40.73 48.19 39.68 33.34 33.14 34.84

8502 NOT PREGNANT

8503 9/ 4 MA MA MA MA PA FA MA FA FA FA
49.13 46.49 39.69 39.73 37.16 28.48 27.87 30.10 47.22 44.76

8504 S/ 7 FA FA FA MA FA MA MA FA MA FA
43.92 40.39 34.65 39.94 38.17 32.76 35.21 36.00 31.32 33.46

8505 NOT PREGNANT

8506 8/ 3 PA FA MA FA FA FA MA MA MA
48.96 49.18 52.74 49.93 43.75 34.33 47.69 50.65 48.01

8507 3/ 6 / MA PA FA FA MA MA
51.22 52.40 48.86 49.39 47.99 40.47

8508 NOT PREGNANT
----------------------------------------------------------------------------------------------------------------

M = MALE F = FEMALE A = ALIVE D = DEAD E = EARLY RESORPTION L - LATE RESORPTION DENOTES POSITIO

CLS = CORPORA LUTEA/OVARY FETAL BODY WEIGHTS WERE RECORDED IN GRAMS (G).



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 20 (PAGE 7): FETAL SEX, VITAL STATUS AND BODY WEIGHT - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

FETUS # 1 2 3 4 5 6 7 8 9 10 11 12 13 14 is 16
----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP IV 2.5 MG/KG/DAY
----------------------------------------------------------------------------------------------------------------

RABBIT # CLs
8509 4/ 7 14A E FA FA FA FA FA MA

48.53 41.94 46.99 44.40 40.30 48.82 36.91
8510 7/ 5 MA MA FA FA PA MA FA KA

52.02 46.80 33.61 35.29 30.02 51.25 38.34 36.38

8511 NOT PREGNANT

8512 7/ 4 MA FA MA FA MA FA FA
52.12 47.92 42.50 43.65 45.46 49.14 43.96

8513 NOT PREGNANT

6514 6/ 7 FA FA FA MA MA FA MA
44.25 42.18 37.29 44.61 45.67 38.88 42.96

8515 4/ 6 FA FA MA FA MA FA MA FA MA

39.20 36.77 37.54 34.18 37.55 34.51 33.67 32.27 35.34
8516 3/ 6 MA FA / MA MA FA MA FA

45.09 41.03 48.93 42.06 42.55 42.20 41.54

8517 ABORTED ON DAY 25 OF GESTATION

8518 7/ 5 MA MA MA MA L / MA FA MA MA FA
35.13 37.26 33.3S 31.55 0.58 37.57 34.95 30.47 31.32 23.08

8519 3/ 5 MA MA FA / MA FA MA KA MA

40.52 35.27 34.34 37.48 38.23 37.67 36.38 39.47
8520 2/ 4 FA MA / MA MA FA

44.00 43.14 35.80 37.94 45.18
8521 7/ 5 MA MA MA MA FA FA / FA MA FA MA

45.57 45.12 37.02 37.95 35.74 36.05 38.45 39.43 34-83 43.70
----------------------------------------------------------------------------------------------------------------

M = MALE F = FEMALE A = ALIVE D = DEAD E = EARLY RESORPTION L = LATE RESORPTION DENOTES POSITIO

CLS = CORPORA LUTEA/OVARY FETAL BODY WEIGHTS WERE RECORDED IN GRAMS (G).



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 20 (PAGE 8): FETAL SEX, VITAL STATUS AND BODY WEIGHT - INDIVIDUAL DATA

-----------------------------------------------------------------------------------------------------------------

FETUS # 1 2 3 4 5 6 7 8 9 10 11 12 13 14 is 16
-----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP IV 2.5 MG/KG/DAY
-----------------------------------------------------------------------------------------------------------------

RABBIT # CLs

8522 6/ 7 FA FA FA MA MA MA FA FA FL FA

46.76 45.76 45.05 44.61 38.81 48.21 43.39 43.87 24.30 42.16

8523 NOT PREGNANT

8524 NOT PREGNANT

8525 6/ 7 MA FA MA FA FA FA MA MA MA FA FA

40.08 38.03 34.97 27.49 29.49 36.56 38.99 34.21 29.61 26.10 30.27

8526 NOT PREGNANT

8527 6/ 5 MA MA MA MA MA MA / FA FA FA MA FA

41.16 41.97 38.11 30.51 21.05 18.80 35.72 30.23 34.01 38.80 35.06

8528 6/ 3 PA MA FA FA MA FA MA

47.70 45.44 41.92 43.95 42.15 41.26 47.86

8529 3/ 4 E KA / FA FA MA FA

42.11 42.69 43.75 35.48 37.75

8530 7/ 3 FA MA MA FA FA MA FA FA FA MA

41.58 41.84 34.18 38.16 38.01 38.42 40.79 43.07 39.43 43.79
-----------------------------------------------------------------------------------------------------------------

M = MALE P = FEMALE A = ALIVE D = DEAD E = EARLY RESORPTION L = LATE RESORPTION DENOTES POSITION

CLS - CORPORA LUTEA/OVARY FETAL BODY WEIGHTS WERE RECORDED IN GRAMS (G).



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER

TABLE 20 (PAGE 9): FETAL SEX, VITAL STATUS AND BODY WEIGHT - INDIVIDUAL DATA

---------------------------------------------------------------------------------------------------------------

FETUS # 1 2 3 4 5 6 7 8 9 10 11 12 13 14 is 16
---------------------------------------------------------------------------------------------------------------

DOSAGE GROUP V 3.75 MG/KG/DAY
---------------------------------------------------------------------------------------------------------------

RABBIT # CLa
8531 4/ 7 FA FA FA MA / MA MA MA MA MA

40.31 40.21 38.81 31.50 49.16 42.77 39.52 38.03 41.82

8532 6/ 6 MA FA FA FA MA / FA MA MA
38.54 34.70 33.13 29.40 30.58 39.44 33.18 34.49

8533 7/ 5 FA MA FA / t4A FA FA
41.03 39.95 37.99 41.35 36.50 35.49

8534 ABORTED ON DAY 22 OF GESTATION

8535 8/ 3 MA MA MA FA MA FA KA MA FA MA MA
38.06 35.58 37.84 14.27 23.13 21.76 24.00 27.76 31.98 34.42 38.48

8536 3/ 8 f4A MA E / FA FA FA FA MA FA

39.65 44.51 46.24 41.41 33.54 25.63 24.51 34.03

8537 ABORTED ON DAY 25 OF GESTATION

8538 ABORTED ON DAY 24 OF GESTATION

8539 ABORTED ON DAY 24 OF GESTATION

8540 ABORTED ON DAY 25 OF GESTATION

8541 5/ 3 MA FA MA FA FA / FA FA

47.60 42.99 39.85 31.84 38.05 44.51 41.90
8542 ABORTED ON DAY 28 OF GESTATION

8543 7/ 5 FA MA MA FA FA FA L FA FA FA
18.98 21.05 14.33 9.61 12.62 11.15 5.01 13.45 17.13 13.97

---------------------------------------------------------------------------------------------------------------

M = MALE F = FEMALE A = ALIVE D = DEAD E = EARLY RESORPTION L = LATE RESORPTION DENOTES POSITI

CLS = CORPORA LUTEA/OVARY FETAL BODY WEIGHTS WERE RECORDED IN GRAMS (G).



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 20 (PAGE 10): FETAL SEX, VITAL STATUS AND BODY WEIGHT - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

FETUS # 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP V 3.75 MG/KG/DAY
----------------------------------------------------------------------------------------------------------------

RABBIT # CLs

8544 ABORTED ON DAY 25 OF GESTATION

8545 6/ 7 FA FA MA FA FA FA / FA FA 14A MA f4A PA 14A

33.44 23.74 31.73 30.19 15.63 14.05 34.34 29.81 34.38 26.13 20.57 23.06 25.11

8546 3/ 5 FA PA / FA FA FA FA FA

39.89 43.53 39.73 37.76 40.56 34.02 34.62

8547 ABORTED ON DAY 22 OF GESTATION

8548 ABORTED ON DAY 25 OF GESTATION

8549 7/ 5 FA FA MA MA KA MA FA MA MA FA

32.68 19.63 27.15 26.92 31.62 32.57 25.28 30.14 22.82 28.47

8550 7/ 6 FA MA FA MA MA MA MA FA MA MA

37.27 36.52 39.52 34.53 34.56 41.67 39.86 28.09 32.32 34.34

8551 5/ 5 FA MA MA MA FA FA FA MA MA FA

41.03 37.47 42.30 33.52 36.51 45.27 36.10 37.49 36.02 30.74

8552 NOT PREGNANT
----------------------------------------------------------------------------------------------------------------

M = MALE F = FEMALE A = ALIVE D - DEAD E - EARLY RESORPTION L = LATE RESORPTION DENOTES POSITIO

CLa = CORPORA LUTEA/OVARY FETAL BODY WEIGHTS WERE RECORDED IN GRAMS (G).



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 20 (PAGE 11): FETAL SEX, VITAL STATUS AND BODY WEIGHT - INDIVIDUAL DATA

-----------------------------------------------------------------------------------------------------------------

FETUS # 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
-----------------------------------------------------------------------------------------------------------------

SATELLITE DOSAGE GROUP 1 0 (VEHICLE) MG/KG/DAY
-----------------------------------------------------------------------------------------------------------------

RABBIT # CLa
8553 4/ 9 A A A A / A A A A A A A A A

4.78 4.78 4.99 5.18 5.59 4.45 5.56 4.67 4.97 5.12 4.87 4.57 4.89

8554 5/ 5 A A A A A / A A A A A
4.80 3.99 5.19 4.34 4.69 4.63 4.56 4.41 4.25 5.05

8555 3/ 5 A A A / A A A A A
5.37 5.03 5.58 5.27 5.61 4.18 5.09 5.01

-----------------------------------------------------------------------------------------------------------------

SATELLITE DOSAGE GROUP 11 0.1 MG/KG/DAY
-----------------------------------------------------------------------------------------------------------------

RABBIT # CLs
8556 4/ 4 A A A A A A A A

5.44 5.41 5.49 4.02 4.99 5.31 5.62 5.10
8557 4/ 4 A A A L A A A A

4.05 4.89 5.05 4.81 4.70 4.87 4.45

8558 S/ 5 A A A A A A A A A A

3.74 4.78 5.08 4.67 4.46 4.09 4.77 4.53 4.93 4.57 -

8559 7/ 4 A A A A A A A A A A A

5.32 5.54 4.57 5.05 5.54 5.41 4.99 5.33 5.32 5.11 5.10
8560 4/ 7 A A A A A A A A A A A

4.37 5.19 5.20 4.59 5.43 4.70 4.63 5.77 4.99 4.55 5.20
-----------------------------------------------------------------------------------------------------------------

SATELLITE DOSAGE GROUP 111 1.0 MG/KG/DAY
-----------------------------------------------------------------------------------------------------------------

RABBIT # CLa
8561 0/ 3 A A

5.38 5.36
0562 5/ 4 A A A A A A A A A

5.24 4.76 5.55 5.27 5.34 4.77 5.48 5.00 4.67

8563 2/ 6 A / A A A A A A
5.24 5.06 4.40 5.13 5.17 4.82 5.64

-----------------------------------------------------------------------------------------------------------------

A = ALIVE D = DEAD E = EARLY RESORPTION L = LATE RESORPTION "/" DENOTES POSITION OF CERVIX
CLS = CORPORA LUTEA/OVARY FETAL BODY WEIGHTS WERE RECORDED IN GRAMS (G).



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 20 (PAGE 12): FETAL SEX, VITAL STATUS AND BODY WEIGHT - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

FETUS # 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
---------------------------------------------------------------------------------------------------------------

SATELLITE DOSAGE GROUP IV 2.S MG/KG/DAY
---------------------------------------------------------------------------------------------------------------

RABBIT # CLs
8564 5/ 5 A A A A A / A A A A A

4.71 5.07 4.76 4.89 5.06 4.72 4.96 4.84 4.81 5.05
8565 7/ 3 A A A A A A A A A A

6.03 5.78 5.32 5.82 5.76 5.34 4.77 6.15 5.14 4.78
8566 4/ 5 A A A A / A A A A

4.33 4.06 3.71 3.82 4.42 4.35 4.37 4.10
---------------------------------------------------------------------------------------------------------------

SATELLITE DOSAGE GROUP V 3.75 MG/KG/DAY
---------------------------------------------------------------------------------------------------------------

RABBIT # CLa
8567 3/ 7 A A A / A A A A A ' A A

4.82 4.53 4.08 4.65 4.49 4.44 4.18 4.28 3.62 3.95

8568 5/ 3 A A A A A / A A

4.64 4.69 4.61 4.46 4.41 4.63 4.82

8569 NOT PREGNANT

8570 6/ 6 A A A A / A A A A A

5.60 5.44 5.43 4.85 5.51 5.34 4.79 4.85 4.86

8571 2/ 3 E A A
5.93 5.62

---------------------------------------------------------------------------------------------------------------

A = ALIVE D = DEAD E = EARLY RESORPTION L = LATE RESORPTION "/" DENOTES POSITION OF CERVIX
CLS = CORPORA LUTEA/OVARY FETAL BODY WEIGHTS WERE RECORDED IN GRAMS (C).



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 21 (PAGE 1): FETAL ALTERATIONS - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP 1 0 (VEHICLE) MG/KG/DAY
----------------------------------------------------------------------------------------------------------------

SPECIMENS GROSS EXTERNAL EXAMINATION SOFT TISSUE EXAMINATION SKELETAL

WITH ANY
RABBIT ALTERATIONS
NUMBER N(t) NIN DESCRIPTION NIN DESCRIPTION NIN DESCRI
----------------------------------------------------------------------------------------------------------------

8443 NOT PREGNANT

8444 1( 14.3) 0/ 7 0/ 7 1/ 7 FETUS
HYOID:
bilate

8445 NOT PREGNANT

8446 0( 0.0) 0/ 7 0/ 7 0/ 7

8447 5( 41.7) 0/12 0/12 5/12 FETUS
HYOID:
bilate

FETUS
HYOID:
left

FETUS

CAUDAL
MISALI

FETUS
THORAC
CENTR
OSSIFI

FETUS
HYOID:
bilate

------ ---------------------------------------------------------------------------------------------------------

NIN = NUMBER OF SPECIMENS WITH ALTERATIONS/NUMBEROF SPECIMENSEXAMINED



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 21 (PAGE 2): FETAL ALTERATIONS - INDIVIDUAL DATA

------------------------------------------------------------------------------------------------------------------

DOSAGE GROUP 1 0 (VEHICLE) MG/KG/DAY
------------------------------------------------------------------------------------------------------------------

SPECIMENS GROSS EXTERNAL EXAMINATION SOFT TISSUE EXAMINATION SKELETAL E

WITH ANY
RABBIT ALTERATIONS
NUMBER N(%) NIN DESCRIPTION NIN DESCRIPTION NIN DESCRIPI
------------------------------------------------------------------------------------------------------------------

8448 1( 10.0) 1/10 FETUS 1 0/10 1/10 FETUS 1
FORELIMB: POLLEX FORELIMI

ABSENT, bilateral PRESENT,
lst met

FETUS 5 4 DIGIT
LATE RESORPTION, bilater
autOlyBiS precluded absent;
further evaluation lst MED

PRALANG
bilater

8449 3( 33.3) 0/ 9 1/ 9 FETUS 6 3/ 9 FETUS 2
EYES: CIRCUMCORNEAL HYOID:
HEMORRHAGE, left eye bilater

FETUS 6
SKULL:
IRREGU
bilater
HYOID:
bilater

FETUS 7

HYOID:
bilater

-----------------------------------------------------------------------------------------------------------------

NIN = NUMBER OF SPECIMENSWITH ALTERATIONS/NUMBEROF SPECIMENS EXAMINED



PROTOCOL 410-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 21 (PAGE 3): FETAL ALTERATIONS - INDIVIDUAL DATA

-----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP 1 0 (VEHICLE) MG/KG/DAY
-----------------------------------------------------------------------------------------------------------------

SPECIMENS GROSS EXTERNAL EXAMINATION SOFT TISSUE EXAMINATION SKELETAL
WITH ANY

RABBIT ALTERATIONS
NUMBER N(%) NIN DESCRIPTION NIN DESCRIPTION NIN DESCRII
-----------------------------------------------------------------------------------------------------------------

8450 3( 30.0) 0/10 1/10 FETUS 7 2/10 FETUS 2
LUNGS: INTERMEDIATE SKULL:
LOBE ABSENT AN INT

2.0 mm
2.5 mm

FETUS 3
SKULL:
AN INT
x 2.5
nun

8451 1( 14.3) 0/ 7 0/ 7 1/ 7 FETUS 1
SKULL:
AN INT
3.0 mm

8452 1( 16.7) 0/ 6 0/ 6 1/ 6 FETUS
HYOID-
left
THORAC
HEMIVE
arch a
RIBS:
medial
STERNA]

ASYMME

8453 0( 0.0) 0/ 9 0/ 9 0'/ 9

8454 1( 10.0) 0/10 0/10 1/10 FETUS
SKULL:
partia

----------------------------------------------------------------------------------------------------------------

NIN = NUMBER OF SPECIMENS WITH ALTERATIONS/NUMBEROF SPECIMENS EXAMINED



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 21 (PAGE 4): FETAL ALTERATIONS - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP 1 0 (VEHICLE) MG/KG/DAY
----------------------------------------------------------------------------------------------------------------

SPECIMENS GROSS EXTERNAL EXAMINATION SOFT TISSUE EXAMINATION SKELETAL

WITH ANY
RABBIT ALTERATIONS

NUMBER N(t) NIN DESCRIPTION NIN DESCRIPTION NIN DESCRI
----------------------------------------------------------------------------------------------------------------

8455 0( 0.0) 0/11 0/11 0/11

8456 1( 16.7) 0/ 6 0/ 6 1/ 6 FETUS
RIBS:
8th an

8457 0( 0.0) 0/ 8 0/ 8 0/ 8

8458 1( 7.1) 0/14 0/14 1/14 FETUS
STERNA
FUSED,

8459 2( 28.6) 0/ 7 0/ 7 2/ 7 FETUS
STERNA
FUSED,

FETUS
SKULL:

AN INT
1.0 mm
1.5 mm

8460 2( 28.6) 0/ 7 0/ 7 2/ 7 FETUS
CERVIC
CERVI
7TH Cl
bilate

FETUS
SKULL
CONTA
INTER
2.0 mr

---------------------------------------------------------------------------------------------------------------

NIN - NUMBER OF SPECIMENS WITH ALTERATIONS/NUMBEROF SPECIMENS EXAMINED



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 21 (PAGE 5): FETAL ALTERATIONS - INDIVIDUAL DATA

-----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP 1 0 (VEHICLE) MG/KG/DAY
-----------------------------------------------------------------------------------------------------------------

SPECIMENS GROSS EXTERNAL EXAMINATION SOFT TISSUE EXAMINATION SKELETAL
WITH ANY

RABBIT ALTERATIONS
NUMBER N(t) NIN DESCRIPTION NIN DESCRIPTION NIN DESCRIP
-----------------------------------------------------------------------------------------------------------------

8461 0( 0.0) 0/ 6 0/ 6 0/ 6

8462 0( 0.0) 0/ 9 0/ 9 0/ 9

8463 1( 10.0) 0/10 0/10 1/10 FETUS 8
HYOID:
left

8464 2( 20.0) 0/10 1/10 FETUS 1 1/10 FETUS 7
LUNGS: INTERMEDIATE HYOID:
LOBE ABSENT right

-----------------------------------------------------------------------------------------------------------------

NIN = NUMBER OF SPECIMENS WITH ALTERATIONS/NUMBEROF SPECIMENS EXAMINED



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 21 (PAGE 6): FETAL ALTERATIONS - INDIVIDUAL DATA

-----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP 11 0.1 MG/KG/DAY
-----------------------------------------------------------------------------------------------------------------

SPECIMENS GROSS EXTERNAL EXAMINATION SOFT TISSUE EXAMINATION SKELETAL

WITH ANY

RABBIT ALTERATIONS
NUMBER N(t) NIN DESCRIPTION NIN DESCRIPTION NIN DESCRI
----------------------------------------------------------------------------------------------------------------

8465 2( 33.3) 0/ 6 0/ 6 2/ 6 FETUS
SKULL:
SUTURE
right

FETUS
HYOID:
bilate

8466 NOT PREGNANT

8467 NOT PREGNANT

8468 0( 0.0) 0/10 0/10 0/10

8469 2( 28.6) 0/ 7 0/ 7 2/ 7 FETUS
SKULL:
AN INT
2.5 mm

FETUS
SKULL:
AN INT
1.0 mm
HYOID:
right

8470 2( 28.6) 0/ 7 0/ 7 2/ 7 FETUS
SKULL:
SUTURE
right

FETUS
SKULL:
SUTURE

left
----------------------------------------------------------------------------------------------------------------

NIN = NUMBER OF SPECIMENS WITH ALTERATIONS/NUMBEROF SPECIMENS EXAMINED



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 21 (PAGE 7): FETAL ALTERATIONS - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP 11 0.1 MG/KG/DAY
----------------------------------------------------------------------------------------------------------------

SPECIMENS GROSS EXTERNAL EXAMINATION SOFT TISSUE EXAMINATION SKELETAL
WITH ANY

RABBIT ALTERATIONS
NUMBER N (t) NIN DESCRIPTION NIN DESCRIPTION NIN DESCRI
----------------------------------------------------------------------------------------------------------------

8471 1( 11.1) 0/ 9 0/ 9 1/ 9 FETUS
SKULL:
OSSIFI

8472 0( 0.0) 0/ 9 0/ 9 0/ 9

8473 2( 25.0) 1/ s' FETUS 6 0/ 8 1/ 8 FETUS
FORELIMBS FLEXED STERNA
DOWNWARD, forepaws FUSED,
bilateral

8474 1( 11.1) 0/ 9 0/ 9 1/ 9 FETUS
SKULL:
IRREGU
bilate

8475 4( 57.1) 0/ 7 1/ 7 FETUS 2 3/ 7 FETUS
LUNGS: INTERMEDIATE SKULL:
LOBE ABSENT IRREGU

bilate

FETUS
SKULL:
AN INT
1.5 mm
HYOID:
left

FETUS
HYOID:
bilate

----------------------------------------------------------------------------------------------------------------

NIN = NUMBER OF SPECIMENS WITH ALTERATIONS/NUMBEROF SPECIMENS EXAMINED



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 21 (PAGE 8): FETAL ALTERATIONS - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP 11 0.1 MG/KG/DAY
----------------------------------------------------------------------------------------------------------------

SPECIMENS GROSS EXTERNAL EXAMINATION SOFT TISSUE EXAMINATION SKELETAL
WITH ANY

RABBIT ALTERATIONS
NUMBER N(t) NIN DESCRIPTION NIN DESCRIPTION NIN DESCRI
----------------------------------------------------------------------------------------------------------------

8476 3( 30.0) 0/10 1/10 FETUS 8 3/10 FETUS
LUNGS: INTERMEDIATE THORAC
LOBE ABSENT CENTRU

CENTRA
left I

FETUS
RIBS:
and 6t
distal

FETUS
STERNA
FUSED,

8477 NOT PREGNANT

8478 0( 0.0) 0/10 0/10 0/10

8479 3( 20.0) 0/15 2/15 FETUS 4 1/15 FETUS
LUNGS: INTERMEDIATE SKULL:
LOBE ABSENT SUTURE

left
FETUS 12
LUNGS: INTERMEDIATE
LOBE ABSENT

8480 o( o.o) 0/ 9 0/ 9 0/ 9

8481a 4( 40.0) 1/10 FETUS 1 (DEAD) 0/10 3/10 FETUS
FORELIMBS: FLEXED HYOID:
DOWNWARD bilate

----------------------------------------------------------------------------------------------------------------

NIN = NUMBER OF SPECIMENS WITH ALTERATIONS/NUMBEROF SPECIMENS EXAMINED
a. Litter 8481 consisted of ten dead fetuses; all embryonic sacs contained a dark red substance. Values were e

group averages and statistical analyses.
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Dosaue Levels,Concentrations,Volumes and lnjecfionRates:

Number Do"p
Dosage Of Dosage Concentration Volume

Rabbits IMV!MU (MLAA) A!Rus Batch Number

i 22+36 0 (Vehide) 0 5 E"18-012-A(Day.Month.Year)

11 1 22+5' 0.1 0.02 5 B-418-012-B(Day.Month.Year)

111 22+3' 1.0 0.2 5 B-418-012-C(Day.Month.Year)

IV 22+31 2.5 -.0.5 5 8.418-012-D(Doy.Month.Year)

v 22+5* 3.75 0.751 6 B-418-012-E(Day.Monft.Year
a. Rabbitsassignedtotoxicokineticwaluawn.
The testarfidewiU be considered100% pure forthepurpose ofdosage cahwlafions.

TESTS, ANALYSES AND MEASUREMENT

Viablilly:

AllPeriods: At leasttwice daily.

ClinicalObservations and/or General Ag)Rearance:

Predosage Period: At leastonce.

Dosage Period: Twice daily.Priorto dosage administrationand once
approximately one hour postdosage.

Posidosage Period: Once daily.

Clinicalobservationsmay be recorded more frequentlythan citedabove, ifdeemed
appropriateby the Study Directorand/or Study Monitor.

Body Weights:

Predosage Period: Day 0 of presumed gestationand on the day ofarrival
atthe Testing Facility.

Dosage Period: Daily.

Postdosage Period: Daily.

Feed Consumption'Values:

Predosage Period: Recorded dailyafterarrivalatthe Testing Facility
(valuesnottabulated).

Dosage Period: Recorded daily.



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 21 (PAGE 9): FETAL ALTERATIONS - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP 11 0.1 MG/KG/DAY
-----------------------------------------------------------------------------------------------------------------

SPECIMENS GROSS EXTERNAL EXAMINATION SOFT TISSUE EXAMINATION SKELETAL

WITH ANY
RABBIT ALTERATIONS
NUMBER N(t) NIN DESCRIPTION NIN DESCRIPTION NIN DESCRIP
-----------------------------------------------------------------------------------------------------------------

8481a FETUS 7

(Cont.) CAUDAL
PRESENT

FETUS 9
CAUDAL
PRESENT

8482 0( 0.0) 0/ 9 0/ 9 0/ 9

8483 4( 50.0) 0/ 8 3/ 8 FETUS 3 2/ 8 FETUS 1
LUNGS: INTERMEDIATE CERVICA
LOBE ABSENT CENTRUM

OSSIFIC
FETUS 4
LUNGS: INTERMEDIATE FETUS 4
LOBE ABSENT STERNAL

FUSED,
FETUS 7
LUNGS: INTERMEDIATE
LOBE ABSENT

8484 0( 0.0) 0/ 9 0/ 9 0/ 9

8485 1( 11.1) 0/ 9 0/ 9 1/ 9 FETUS 2
THORACI
SMALL,
CENTRA,
llth an
RIBS:
10th an

8486 o( o.o) 0/11 0/11 0/11
-----------------------------------------------------------------------------------------------------------------

NIN = NUMBER OF SPECIMENS WITH ALTERATIONS/NUMBEROF SPECIMENS EXAMINED
a. Litter 8481 consisted of ten dead fetuses; all embryonic sacs contained a dark red substance. values were ex

group averages and statistical analyses.



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 21 (PAGE 10): FETAL ALTERATIONS - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP 111 1.0 MG/KG/DAY
----------------------------------------------------------------------------------------------------------------

SPECIMENS GROSS EXTERNAL EXAMINATION SOFT TISSUE EXAMINATION SKELETAL
WITH ANY

RABBIT ALTERATIONS
NUMBER N(!k) NIN DESCRIPTION NIN DESCRIPTION NIN DESCRI

----------------------------------------------------------------------------------------------------------------8487 0( 0.0) 0/ 6 0/ 6 0/ 6

8488 o( o,o) 0/ 7 0/ 7 0/ 7

8489 1( 16.7) 0/ 6 1/ 6 FETUS 6 0/ 6
LUNGS: INTERMEDIATE
LOBE ABSENT

8490 o( o.o) 0/ 5 0/ 5 0/ 5

8491 1( 11.1) 0/ 9 FETUS 6 0/ 9 1/ 9 FETUS
LATE RESORPTION, SKULL:
autolysis precluded AN INT
further evaluation 1.0 mm

8492 0( 0.0) 0/ 9 0/ 9 0/ 9

8493 1( 20.0) 0/ 5 FETUS 3 0/ 5 1/ 5 FETUS
LATE RESORPTION, RIBS:
autolysis precluded 6th -
further evaluation

FETUS 4
LATE RESORPTION,
autolysis precluded
further evaluation

FETUS 5
LATE RESORPTION,
autolysib precluded
further evaluation

-----------------------------------------------------------------------------------------------------------------

NIN = NUMBER OF SPECIMENS WITH ALTEP-ATIONS/NUMBEROF SPECIMENS EXAMINED



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 21 (PAGE 11): FETAL ALTERATIONS - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP 111 1.0 MG/KG/DAY
----------------------------------------------------------------------------------------------------------------

SPECIMENS GROSS EXTERNAL EXAMINATION SOFT TISSUE EXAMINATION SKELETAL

WITH ANY

RABBIT ALTERATIONS

NUMBER N(t) NIN DESCRIPTION NIN DESCRIPTION NIN DESCRI

----------------------------------------------------------------------------------------------------------------

8494 2( 33.3) 0/ 6 0/ 6 2/ 6 FETUS

HYOID:

bilate

FETUS

HYOID:

bilate

8495 1( 10.0) 0/10 0/10 1/10 FETUS

SKULL:

SUTURE

right

8496 3( 33.3) 0/ 9 0/ 9 3/ 9 FETUS

HYOID:

right

FETUS

HYOID:

right

FETUS

HYOID:

bilate

8497 0( 0.0) 0/ 7 0/ 7 0/ 7

8498 0( 0-0) 0/ 9 0/ 9 0/ 9

8499 o( o.o) 0/ 8 0/ 8 0/ 8

----------------------------------------------------------------------------------------------------------------

NIN = NUMBER OF SPECIMENS WITH ALTERATIONS/NUMBER OF SPECIMENS EXAMINED



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 21 (PAGE 12): FETAL ALTERATIONS - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP 111 1.0 MG/KG/DAY
----------------------------------------------------------------------------------------------------------------

SPECIMENS GROSS EXTERNAL EXAMINATION SOFT TISSUE EXAMINATION SKELETAL
WITH ANY

RABBIT ALTERATIONS
NUMBER N(I;) NIN DESCRIPTION NIN DESCRIPTION NIN DESCRI
----------------------------------------------------------------------------------------------------------------

8500 2( 20.0) 0/10 FETUS 7 0/10 2/10 FETUS
LATE RESORPTION, RIBS:
autolysis precluded proxim
further evaluation left 7

distal

FE111S
LUMBAR
HENIVE
arch a
CENTRU

8501 0( 0.0) 0/11 0/11 0/11

8502 NOT PREGNANT

8503 2( 20.0) 0/10 0/10 2/10 FETUS
HYOID:
bilate

FETUS
HYOID:
right

8504 0( 010) 0/10 0/10 0/10

8505 NOT PREGNANT

8506 0( 0.0) 0/ 9 0/ 9 0/ 9

8S07 1( 16.7) 0/ 6 0/ 6 1/ 6 FETUS
SKULL:
AN INT
1.0 mm

8508 NOT PREGNANT
----------------------------------------------------------------------------------------------------------------

NIN = NUMBER OF SPECIMENSWITH ALTERATIONS/NUMBEROF SPECIMENS EXAMINED



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER

TABLE 21 (PAGE 13): FETAL ALTERATIONS - INDIVIDUAL DATA

---------------------------------------------------------------------------------------------------------------

DOSAGE GROUP IV 2.5 MG/KG/DAY
---------------------------------------------------------------------------------------------------------------

SPECIMENS GROSS EXTERNAL EXAMINATION SOFT TISSUE EXAMINATION SKELETA

WITH ANY
RABBIT ALTERATIONS

NUMBER N(%) NIN DESCRIPTION NIN DESCRIPTION NIN DESCR
---------------------------------------------------------------------------------------------------------------

8509 0( 0.0) 0/ 7 0/ 7 0/ 7

8510 0( 0.0) 0/ 8 0/ 8 0/ 8

8511 NOT PREGNANT

8512 0( 0.0) 0/ 7 0/ 7 0/ 7

8513 NOT PREGNANT

8514 0( 0.0) 0/ 7 0/ 7 0/ 7

8515 o( o.o) 0/ 9 0/ 9 0/ 9

8516 1( 14.3) 0/ 7 0/ 7 1/ 7 FETUS
SKULL
AN IN
3.0

8517 ABORTED ON DAY 25 OF GESTATION a

8518 o( o.o) 0/ 9 FETUS 5 0/ 9 0/ 9
LATE RESORPTION,
autolysis precluded
further evaluation

8519 1( 12.5) 0/ a 0/ 8 I/ 8 FETUS
CERVI
CERVI
7TH C
bilat

---------------------------------------------------------------------------------------------------------------

NIN = NUMBER OF SPECIMENS WITH ALTERATIONS/NUMBEROF SPECIMENS EXAMINED
a. Doe 8517 aborted eight late resorptions on day 25 of gestation; autolysis precluded further evaluation.



PROTOCOL 418-012: OPAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 21 (PACE 14); FETAL ALTERATIONS - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP IV 2.5 MG/KG/DAY
---------------------------------------------------------------------------------------------------------------

SPECIMENS GROSS EXTERNAL EXAMINATION SOFT TISSUE EXAMINAT10N SKELETAL

WITH ANY
RABBIT ALTERATIONS

NUMBER N(%) NIN DESCRIPTION NIN DESCRIPTION NIN DESCRI

----------------------------------------------------------------------------------------------------------------

8520 0( 0.0) 0/ 5 0/ 5 0/ 5

8521 0( 0.0) 0/10 0/10 0/10

8522 2( 22.2) 0/ 9 FETUS 9 0/ 9 2/ 9 FETUS

LATE RESORPTION, HYOID:

autolysis precluded bilate

further evaluation
FETUS
HYOID:
bilate

8523 NOT PREGNANT

8524 NOT PREGNANT

8525 1( 9.1) 0/11 0/11 1/11 FETUS
HYOID:
right

8526 NOT PREGNANT

8527 0( 0.0) 0/11 0/11 0/11

8528 0( 0-0) 0/ 7 0/ 7 0/ 7

8529 0( 0.0) 0/ 5 0/ 5 0/ 5

8530 0( 0.0) 0/10 0/10 0/10

---------------------------------------------------------------------------------------------------------------

NIN = NUMBER OF SPECIMENS WITH ALTERATIONS/NUMBEROF SPECIMENS EXAMINED



PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS (SPONSOR'S STUDY NUMBER:

TABLE 21 (PAGE 15): FETAL ALTERATIONS - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP V 3.75 MG/KG/DAY
----------------------------------------------------------------------------------------------------------------

SPECIMENS GROSS EXTERNAL EXAMINATION SOFT TISSUE EXAMINATION SKELETAL

WITH ANY
RABBIT ALTERATIONS
NUMBER N(t) NIN DESCRIPTION NIN DESCRIPTION NIN DESCRI
----------------------------------------------------------------------------------------------------------------

8531 2( 22.2) 0/ 9 0/ 9 2/ 9 FETUS
SKULL:
CONTAI
INTERF
3.0 mm

FETUS
SKULL:
CONTAI
INTERF
4.0 m

8532 1( 12.5) 0/ 8 1/ 8 FETUS 5 0/ a
LUNGS: INTERMEDIATE
LOBE ABSENT

8533 0( 0.0) 0/ 6 0/ 6 0/ 6

8534 ABORTED ON DAY 22 OF GESTATION a

8535 1( 9.1) 0/11 0/11 1/11 FETUS
LUMBA
CENTR

8536 3( 37.5) 0/ 8 0/ 8 3/ 8 FETUS
SKULL
AN IN
2.0 mi

FETUS
HYOID
bilat

---------------------------------------------------------------------------------------------------------------

NIN = NUMBER OF SPECIMENS WITH ALTERATIONS/NUMBEROF SPECIMENS EXAMINED
a. Doe 8534 aborted one dead fetus and had seven live fetuses in utero on day 22 of gestation. All fetuses ap

at gross external and soft tissue examination. Fetuses 1, 2, 3, 4, 5, 6, 7, and 8 had pelvis, pubis not os

at skeletal examination.
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TABLE 21 (PAGE 16): FETAL ALTERATIONS - INDIVIDUAL DATA

-----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP V 3.75 MG/KG/DAY
-----------------------------------------------------------------------------------------------------------------

SPECIMENS GROSS EXTERNAL EXAMINATION SOFT TISSUE EXAMINATION SKELETAL

WITH ANY

RABBIT ALTERATIONS

NUMBER N(t) NIN DESCRIPTION NIN DESCRIPTION NIN DESCRIP

-----------------------------------------------------------------------------------------------------------------

8536 FETUS 7

(Cont.) HYOID:

bilatei

8537 ABORTED ON DAY 25 OF GESTATION a

8538 ABORTED ON DAY 24 OF GESTATION b

8539 ABORTED ON DAY 24 OF GESTATION c

8540 ABORTED ON DAY 25 OF GESTATION d

8541 1( 14.3) 0/ 7 0/ 7 1/ 7 FETUS

HYOID-

bilate

8542 ABORTED ON DAY 28 OF GESTATION e

8543 7( 77.8) 1/ 9 FETUS 3 0/ 9 7/ 9 FETUS

FORELIMBS FLEXED SKULL:

DOWNWARD, bilateral CONTAI

forepaws right,

- larg

4.0 mm

----------------------------------------------------------------------------------------------------------------

NIN = NUMBER OF SPECIMENS WITH ALTEP-ATIONS/NUMBER OF SPECIMENS EXAMINED

a. Doe 8537 aborted five late resorptions on day 25 of gestation; autolysib precluded further evaluation.

b. Doe 8538 aborted eight late resorptions on day 24 of gestation; autolysis precluded further evaluation. one

fetus was presumed cannibalized.

C. Doe 8539 aborted seven live fetuses on day 24 of gestation. All fetuses appeared normal at gross external a

examination. Fetuses 1, 2, 3, 4, 5, 6 and 7 had pelvis, pubis not ossified (bilateral) and fetuses 2 and 3

centra (first) not ossified at skeletal examination.

d. Doe 8540 aborted four dead fetuses and had three live fetuses, one dead fetus and six late resorptions in ut

of gestation. Autolysis precluded further evaluation of the late resorptions. All remaining fetuses appear

gross external and soft tissue examination. Fetuses 1, 2, 3, 5, 7, 8, 9 and 10 had pelvis, pubis not ossifi

and fetus 2 had skull, nasals incompletely ossified and maxillae, short at skeletal examination.

e. Doe 8542 aborted six dead fetuses on day 28 of gestation. All fetuses were partially cannibalized. All pup

normal at soft tissue examination.
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TABLE 21 (PAGE 17): FETAL ALTERATIONS - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP V 3.75 MG/KG/DAY
-----------------------------------------------------------------------------------------------------------------

SPECIMENS GROSS EXTERNAL EXAMINATION SOFT TISSUE EXAMINATION SKELETAL

WITH ANY
RABBIT ALTERATIONS
NUMBER N(!k) NIN DESCRIPTION NIN DESCRIPTION NIN DESCRI
----------------------------------------------------------------------------------------------------------------

8543 FETUS 7

(Cont.) LATE RESORPTION, FETUS

autolysis precluded SKULL:

further evaluation CONTAI
right,
- larg
8.5 mn

FETUS
SKULL:
CONTAI
right,
- larg
5.0 mm
PELVIS
OSSIFI

FETUS
SKULL:
CONTAI
right,

- larg
4.5 mm

FETUS

SKULL:
CONTAI
right,
- larg
5.5 mm
PELVIS
OSSIFI

----------------------------------------------------------------------------------------------------------------

NIN - NUM13EROF SPECIMENS WITH ALTERATIONS/NUMBEROF SPECIMENS EXAMINED
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TABLE 21 (PAGE 18): FETAL ALTERATIONS - INDIVIDUAL DATA

----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP V 3.75 MG/KG/DAY
----------------------------------------------------------------------------------------------------------------

SPECIMENS GROSS EXTERNAL EXAMINATION SOFT TISSUE EXAMINATION SKELETAL

WITH ANY

RABBIT ALTERATIONS

NUMBER N(t) NIN DESCRIPTION NIN DESCRIPTION NIN DESCRI

----------------------------------------------------------------------------------------------------------------

8543 FETUS

(Cont.) SKULL:

CONTAI

right,

- smal

2.5 mm

FETUS

SKULL-.

CONTAI

right,

- larg

8.5 mm

8544 ABORTED ON DAY 25 OF GESTATION a

BS45 2( 15.4) 0/13 0/13 2/13 FETUS

PELVIS

OSSIFI

FETUS

PELVIS

OSSIFI

8546 0( 0.0) 0/ 7 0/ 7 0/ 7

8547 ABORTED ON DAY 22 OF GESTATION b

8548 ABORTED ON DAY 25 OF GESTATION c
----------------------------------------------------------------------------------------------------------------

NIN - NUMBER OF SPECIMENS WITH ALTERATIONS/NUMBER OF SPECIMENS EXAMINED

a. Doe 8544 aborted nine dead fetuses on day 25 of gestation. All fetuses appeared normal at gross external an

examinations. Fetuses 1, 2, 3, 4, 5, 6, 7, 8 and 9 had pelvis, pubis not ossified (bilateral) and fetus 3 h

(first) not ossified at skeletal examination.

b. Doe 8547 aborted eight late resorptions on day 22 of gestation; autolysis precluded further evaluation.

C. Doe 8548 aborted one dead fetus and had seven live fetuses, one dead fetus and two late resorption in utero

gestation. The late resorptions appeared normal at gross external examination; autolysis precluded further

All fetuses appeared normal at gross external and soft tissue examinations. Fetuses 1, 2, 3, 4, 5, 6, 7, 8

pelvis, pubis not OSBified (bilateral) at skeletal examination.
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TABLE 21 (PAGE 19): FETAL ALTERATIONS - INDIVIDUAL DATA

-----------------------------------------------------------------------------------------------------------------

DOSAGE GROUP V 3.75 MG/KG/DAY
-----------------------------------------------------------------------------------------------------------------

SPECIMENS GROSS EXTERNAL EXAMINATION SOFT TISSUE EXAMINATION SKELETAL

WITH ANY

RABBIT ALTERATIONS

NUMBER N(t) NIN DESCRIPTION NIN DESCRIPTION NIN DESCRIP
-----------------------------------------------------------------------------------------------------------------

8549 0( 0.0) 0/10 0/10 0/10

8550 2( 20.0) 0/10 0/10 2/10 FETUS 9
HYOID:
left

FETUS 1
HYOID-
right

8551 0( 0.0) 0/10 0/10 0/10

8552 NOT PREGNANT
-----------------------------------------------------------------------------------------------------------------

NIN = NUMBER OF SPECIMENS WITH ALTERATIONS/NUMBEROF SPECIMENS EXAMINED
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Argus Research Laboratories,Inc.PRLMFDICA 905 Sheehy Drive, BuildingA
Homham, PA 19044

Telephone: (215) 443-8710
Tolefax: (215) 443-8587

PROTOCOL 418-012

SPONSOR'S STUDY NUMBER: 6296-10

STUDY TITLE: Oral(Stomach Tube) DevelopmentalToxicityStudy ofPFOS
inRabbits

PURPOSE: The purposeofthisstudyistodetectadverseeffectsof
PFOS on New Zealand White[Hra:(NZW)SPF]presumed
pregnantfemalerabbitsand development oftheembryo and
fetusconsequenttoexposureofthedoe from implantation
toclosureofthehardpalate.ThisstudyevaluatesICH
Harmonised TripartiteGuidelinestagesC and D ofthe
reproductiveprocessina nonrodentspecies.

TESTING FACILITY: Argus Research Laboratories,Inc.
905 Sheehy Drive,BuildingA
Horsham, Pennsylvania 19044-1297
Telephone: (215)443-8710
Telefax: (215)443-8587

STUDY DIRECTOR: Raymond G. York,Ph.D.,DABT
AssociateDirectorofResearch

SPONSOR: 3M ToxicologyServices
3M CenterBuilding220-2E-02
St.Paul,Minnesota 55144-1000

STUDY MONITOR: MarvinT. Case, D.V.M.,Ph.D.
Telephone: (651)733-5180
Teiefax: (651)733-1773

ALTERNATE
STUDY MONITOR: Andrew M. Seacat,Ph. D.

Telephone: (651)575-3161
Telefax: (651)733-1773
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REGULATORY CITATIONS:

U.S. Food and Drug Administration (1994). International Conference on
Harmonisation;Guideline on detectionoftoxicityto reproductionformedicinal products.
Federal Register,September 22, 1994, Vol.59, No. 183.

U.S. Food and Drug Administration.Good LaboratoryPracticeRegulations;FinalRule.
21 CFR Part58.

Japanese Ministryof Health and Welfare (1997). Good Laboratory PracticeStandard
forSafetyStudies on Drugs, MHW Ordinance Number 21, March 26, 1997.

European Economic Community (1989). Coundil decisionon 28 July 1989 on the
acceptance by the European Economic Community of an OECD decisionlrecom-
mendation on compliance withpilnciplesofgood laboratorypractice.OfficialJoumal of
the European Communities: Legislation.32(No. L 315; 28 October): 1-17.

REGULATORY COMPLIANCE:

This studywillbe conducted incompliance withthe Good LaboratoryPractice(GLP)
regulationscitedabove.

Allchanges or revisionsofthisprotocolshallbe documented, signed by the Study
Directorand the Sponsor, dated and maintained withthe protocol.

The QualityAssurance Unit(QAU) willauditthe protocol,the raw data and the report,

and willinspectcriticalphases ofthe study inaccordance withthe Standard Operating
Procedures ofArgus Research Laboratories,Inc.

The finalreportwillincludea statement signed by the Study Directorthatthe report
accuratelyreflectsthe raw data obtained duringthe performance ofthe study and that
allapplicableGLP regulationswere followedinthe conduct ofthe study. Should
significantdeviationsfrom GLP regulationsoccur,each willbe described indetail,
togetherwith how the deviationmight affectthe qualityor integrityofthe study.

SCHEMATIC OF STUDY DESIGN AND STUDY SCHEDULE:

See ATTACHMENT 1 tothe protocol.
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TEST ARTICLE AND VEHICL

Identification:

Test Article:

Name: PFOS.

PhysicalDescription: Light-coloredpowder.
Lot/BatchNumber: 217.

SpecificGravity: -0.6.

Purity: 98.9%.

ExpirationDate: May 2000.

Informationon the identity,composition,strengthand purityofthetestarticleison file

withthe Sponsor.

Vehicle:

0.5% TweenG) 80 inReverse Osmosis Membrane Processed DeionizedWater (R.O.
DeionizedWater). Supplierand lotidentificationofTweenOD 80 to be documented in
the raw data.

Neitherthe Sponsor nor the Study Directorisaware ofany potentialcontaminants likely
tobe presentinthe vehiclethatwould interferewiththe resultsofthisstudy. Therefore,
no analysesotherthan those mentioned inthisprotocolwillbe conducted.

Safely Precautions:

Gloves,mask, appropriateeye protectionand a uniform/labcoatare to be worn during
formulationpreparationand administration.The MaterialSafetyData Sheet (MSDS) is

attachedto the protocol(seeATTACHMENT 2).

Storage:

BulkTest Article: Room temperature.
VehicleComponents: Room temperature.
Prepared Vehicle: Room temperature.
Prepared Formulations: Room temperature (samples to be frozen).

Alltestarticleshipments tothe TestingFacilityshould be addressed to the attentionof
JulianGuibinski,Manager of Formulations,atthe previouslycitedaddress and

telephone number.

Shipments should includeinformationconcerningstorageconditionsand shipping
cartonsshould be labeledappropriately.The recipientshould be notifiedinadvance of
shipment.
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FORMULATION:

Freauency of PreRaration:

Formulations (suspensions) willbe prepared daily at the Testing Facility.

Detailedpreparationprocedures are attached tothisprotocol(ATTACHMENT 3).

Adoustment forPuri :

The-testarticlewillbe considered 100% pure forthe purpose ofdosage calculations.

Testin-qFacilityReserve SamRiOs:

The Sponsor willreservea sample (1 g) ofeach lotofthe bulk testarticleused during
the course ofthisstudy. The Testing Facilitywillreservea sample (5 mL) ofeach lotof
thevehiclecomponents used duringthe course ofthisstudy. Samples willbe stored
under the previouslycitedconditions.

ANALYSES:

Samples additionalto those described below may be taken ifdeemed necessary during

the course ofthe study.

Bulk Test ArticleSampling:

No analyses ofthe bulktestarticlewillbe conducted duringthe course ofthisstudy.
Informationon the stabilityofthe bulktestarticleison filewiththe Sponsor.

Analyses of PreRared Formulations:

Homogeneity and stabilityof prepared formulationsison filewiththe Sponsor.
However, records willbe maintained todocument how thetestarticleformulationswere

prepared.

Concentration ofTest ArticleFormulations:

Concentrationofthe prepared formulationswillbe verifiedduringthe course ofthis
study. Duplicatesamples (2 mL each) willbe taken from the firstand lastpreparation
on the day prepared. One sample of each setwillbe shipped foranalysis;the
remaining samples willbe retainedatthe Testing Facilityas backup samples. Backup
samples willbe stored under the previouslycitedconditionsand discarded atthe
Testing Facilityupon request ofthe Sponsor.
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ShiRPing Instructions:

Samples to be analyzed willbe shipped (frozenon dry ice)to:

KrisJ.Hansen, Ph.D.
3M Environmental Technology and SafetyServices
935 Bush Avenue
Building2-3E-09
St.Paul, Minnesota 55133-3331
Telephone: (612)778-6018
Telefax: (612)778-6176

The recipientwillbe notifiedinadvance ofsample shipment.

DISPOSITION:

Prepared formulationswillbe discarded atthe Testing Facility.Allremaining bulktest
articlewillbe returnedtothe Study Monitor atthe previouslycitedaddress upon
completion ofallwork withthe testarticle.

TEST SYSTEM:

Species/Strain and Reason for Selection:

The-New Zealand White [Hra:(NZW)SPF] rabbitwas selected as the Test System
because: 1) itisone non-rodent mammalian species accepted and widely used
throughoutthe industryfornonclinicalstudiesof developmental toxicity(embryo-fetal
toxicity/teratogenicity);2) thisstrainofrabbithas been demonstrated to be sensitiveto
developmental toxins;3) historicaldata and experience existatthe TestingFacility('-');
and 4) the testarticleispharmacologicallyactiveinthespecies and strain.

Number and Sex:

Populationevaluated: 110 timed-pregnantfemale rabbits(22 per dosage group).

Populationselected for
toxicokineticevaluation: 19 satellitefemale rabbits(fiveat the low and high dose

levelsplusthreeat the otherdose levels).

Body Weight and Age:

The individualbody weights ofthe female rabbitswillrange from 2.5 kg to 5.5 kg;the
rabbitswillbe approximatelyfivetoseven months ofage atthe time of study
assignment. Actual body weights recorded atreceiptand at study assignment willbe
documented inthe raw data,and the weight range willbe includedinthe finalreport.
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Source:

Covance Research Products,Inc.
Swampbddge Road, Box 7200
Denver, Pennsylvania 17517

The rabbitswillbe shipped infilteredcartonsby truckfrom Covance Research
Products,Inc.,Denver, Pennsylvania,to the Testing Facility.

Identification:

Rabbits are permanently identifiedusing MonelS seff-piercingear tags (Gey Band and
Tag Co., Inc.,No. MSPT 20103). Female rabbitsare given unique permanent
identificationnumbers when assigned tothe study on the basis ofday 0 of presumed

gestationbody weights.

ANIMAL HUSBAND

Allcage sizesare incompliance withthe Guide forthe Care and Use ofLaboratory

Animals"').

Housing:

The rabbitswillbe individuallyhoused inunitsofsixtoeightstainlesssteelcages. No
nestingmaterialswillbe suppliedbecause thefemale rabbitswillbe sacdficedbefore

parturitionisexpected.

Room Air,Temperature and Humidi

The animal room isindependently supplied withatleastten changes per hour of 100%
freshairthathas been passed through 99.97% HEPA filters.Room temperature willbe
maintained at61 OF (160C) to 720F (22'C) and monitored constantly.Room humidity
willalsobe monitored constantlyand maintained at 30% to 70%.

Light:

An automaticallycontrolled12-hour light:12-hour dark fluorescentlightcyclewillbe
maintained. Each dark periodwillbegin at 1900 hours EST.

Diet:

Approximately 150 g ofCertifiedRabbit Chov& #5322 (PMI NutritionInternational)will
be availableto each rabbiteach day untilthe firstday ofdosage, atwhich time
approximately 180 g of the same certifiedfeed willbe offeredtoeach rabbiteach day.
The certifiedfeed willbe availablefrom individualstainlesssteel"J-type"feeders
attached to each cage.
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Water:

Water willbe availablead libitumfrom individualboftlesattached tothe cages orfrom
an automatic wateringaccess system. Allwater willbe from a localsource and passed
through a reverse osmosis membrane before use. Chlorinewillbe added to the
processed water as a bacteriostat;processed water isexpected to containno more
than 1.2ppm chlorineatthe time ofanalysis.Water isanalyzed monthly forpossible
bacteria[contamination and twiceannuallyforpossiblechemical contamination.

Contaminants:

Neitherthe Sponsor nor the Study Directorisaware of any potentialcontaminants likely
to be present inthe certifieddietor inthe drinkingwater at levelsthatwould interfere
withthe resultsofthisstudy. Therefore,no analyses otherthan those routinely
performed by thefeed supplierorthose mentioned inthisprotocolwillbe conducted.

MATING AND RANDOMIZATION:

The female rabbitswillbe naturallybred atthe Supplier,by breeder male rabbitsofthe
same source and strain,before shipment tothe Testing Facility.The day mating occurs
willbe designated day 0 of presumed gestation.The rabbitswillbe mated on five
consecutive days and shipped totheTesting Facilityafterthe lastmating day to arrive
on day 1,2, 3,4 or 5 of presumed gestation.Before shipment ofthe rabbits,the
Supplierwillforward breeding recordsand day 0 of presumed gestationbody weights.
A computer-generated (weight-ordered)randomization procedure willbe used to assign
the rabbitsto dosage groups based on thisinformation.

ADMINISTRATION:

Route and Reason for Choice:

The oral(stomach tube) routewas selectedforuse because: 1) incomparison withthe
dietaryroute,the exact dosage can be accuratelyadministered;and 2) itisone ofthe
possibleroutesof human exposure.

Method and Freguenc :

Female rabbitswillbe given thetestarticleonce dailyon days 7 through 20 of
presumed gestation.Dosages willbe adjusteddailyforbody weight changes and given
at approximately the same time each day.

Rationale for Dosage Selection:

Dosages were selectedon the basis ofa dosage-range study (Argus Research
Laboratories,Inc.,Protocol418-012P).
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Dosage Levels,Concentrabons, Volumes and lnoectionRates:

Number Dosage
Dosage Of Dosage Concentration Volunn
Gmup Rabbits (M2@MLI A!Rus Batch Number

1 22+3' 0 (Vehicle) 0 5 B-418-012-A(Day.Month.Year)

11 22+51 0.1 0.02 5 B-418-012-8(Day.Month.Year)

iii 22+31 1.0 0.2 5 B-41"I 2-C(Day.Month.Year)

IV 22+3' 2.5 0.5 5 B-418-012-D(Day.Month.Year)

v 22+5* 3.75 1 0.75 1 5 1 B-41!:2@@th.Year)

a. Rabbitsassignedtotoxicokirieticevaluation.
The testarticlewillbe considered100% pureforthepurpose ofdosage calculations.

TESTS, ANALYSES AND MEASUREMENTS:

Viabill

AllPeriods: At leasttwice daily.

ClinicalObservations and/or General Apt)earance:

Predosage Period: At leastonce.

Dosage Period: Twice daily.Priorto dosage administrationand once
approximately one hour postdosage.

Posidosage Period: Once daily.

Clinicalobservationsmay be recorded more frequentlythan citedabove, ifdeemed
appropriateby the Study Directorand/or Study Monitor.

Body Weights:

Predosage Period: Day 0 of presumed gestationand on the day ofarrival
atthe Testing Facility.

Dosage Period: Daily.

Postdosage Period: Daily.

Feed Consumi)tion Values:

Predosage Period: Recorded dailyafteranivalatthe Testing Facility
(valuesnottabulated).

Dosage Period: Recorded daily.
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Postdosage Period: Recorded daily.

Feed consumptionvaluesduringthedosingperiodwillbe tabulatedforthesame
intervalsas body weightevaluations.

Caesarea n-Sectioning Observations:

Rabbits willbe Caesarean-sectioned on day 29 of presumed gestation. The fetuses will
be removed from the uterusand placed inindividualcontainers.The rabbitswillbe
examined fornumber and distributionof-

Corpora Lutea.

ImplantationSites.
[Placentaethatappear abnormal (size,coloror shape) willbe noted inthe raw

data].

Liveand Dead Fetuses.
(A livefetusisdefined as one thatresponds tostimuli;a dead fetusisdefined as a
term fetusthatdoes not respond to stimuliand thatisnot markedly autolyzed;
dead fetusesdemonstrating marked to extreme autolysisare considered to be late
resorptions.)

Earlyand Late Resorptions.
(A conceptus isdefined as a lateresorptionifitisgrosslyevidentthat
organogenesis has occurred;ifthisisnotthe case, the conceptus isidentifiedas
an earlyresorption.)

FetalObservations:

Body Weights and Identification:

The body weight of each fetuswillbe recorded. Only body weights of livefetuseswill
be used to determine lifterfetalbody weight averages. Fetuses willbe tagged with
identificationnotingstudy number, lifternumber and uterinedistribution.

Gross ExternalAlterations:

Allfetuseswillbe examined forgross externalalterations.Late resorptionsand dead
fetuses alsowillbe examined forgross externalalterationstothe extentpossiblebut
such observationswillnotbe includedineitherdata summarization or statistical

analyses.
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SoftTissue Examination and Sex:

Allfetuseswillbe examined internallytodetermine sex. Cavftatedorgans willbe
evaluated inallfetuses by dissection(s@.A singlecross-sectionwillbe made between
the parietaland frontalbones, and the brainwillbe examined insitu.

SkeletalExamination:

Allfetuseswillbe examined forskeletalalterationsafterstainingwith alizarinred S(".
Skeletalpreparationswillbe retainedinglycerinwiththymol added as a preservative.

Representativephotographs offetalgross,softtissueand skeletalalterationswillbe

taken.

METHOD OF SACRIFICE:

Beuthanasia&D Special (manufactured by Schering-Plough Animal Health) willbe
used tosacrificerabbits(viaintravenousinjection)and livefetuses(viaintraperitoneal

injection).

NECROPSY:

Gross lesionswillbe retainedinneutralbuffered10% formalinforpossiblefuture
evaluation(correspondingtissueswillbe retainedfrom rabbitsinthe vehiclecontrol
group atthe discretionofthe Study Director).(Exception:Parovarian cystswillbe
discarded;these are common, spontaneous lesionsinrabbits.)Unless specifically
citedbelow, allothertissueswillbe discarded.

SatelliteRabbits Assigned to Toxicokinetic SamRIe Collection:

On day 21 ofpresumed gestation(theday followingthe lastdosage), toxicokinetic
samples willbe collectedfrom the rabbitsassigned to the toxicokineticevaluation.
Followinganesthesia ofpentobarbital,blood samples (approximately4 mL per rabbit)
willbe collectedfrom the inferiorvena cava intoserum separatortubes and centrifuged.
The resultingserum (approximately2 mL) willbe immediately frozenon dry iceand
maintainedfrozen (-700C)untilshipment tothe Sponsor foranalysis.The liverwillbe
excised,weighed, and a sample willbe taken from the rightlaterallobe,frozen and
retainedat-70'C untilshipment tothe Sponsor foranalysis.

Rabbits willbe Caesarea n-sectionedand fetuseswillbe examined grosslyto the extent

possibleas described above forrabbitsassigned to the main study. Fetuses and
placentae willbe pooled per litterand retainedfrozen (-700C)untilshipment tothe

Sponsor foranalysis.

Aftercompletion ofsample collection,serum, liversections,fetaland placentalsamples

willbe shipped (frozenon dry ice)to KrisJ. Hansen, Ph.D.,atthe previouslycited
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addressforanalysis.Boththerecipientand theStudy Monitorwillbe notifiedin
advance ofsample shipment.

Scheduled Sacrifice:

On day 29 ofpresumed gestation,female rabbitswillbe Caesarean-sectioned, and a
gross necropsy ofthe thoracic,abdominal and pelvicviscerawillbe performed. Uteriof
apparentlynonpregnant does willbe stainedwith 10% ammonium sulfideto confirmthe

(7)absence of implantationsftes

Rabbits Found Dead oi Moribund:

Rabbits thatdie or are sacrificedbecause ofmoribund condition,abortionor premature
deliverywillbe examined forthe cause ofdeath or moribund conditionon the day the
observationismade. Pregnancy statusand uterinecontentswillbe recorded. Aborted
fetusesand/or deliveredpups willbe examined tothe extentpossible,using the same
methods described forfetuses. Uteriofapparentlynonpregnant does willbe stained

(7)with 10% ammonium sulfideto confirmthe absence of implantationsites
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PROPOSED STATISTICAL METHODS(B-14):

Averages and percentages willbe calculated. Littervalues willbe used where
appropriate.Additionalprocedures and/oranalyses may be performed, ifappropriate.

Tyr)eofTest'

1. Parametric li.Nonr)arametriCb

A. Bartieft'sTeSf,d A. Kruskal-WallisTest

I

(:@75%

1

ties)

Significatatp5O.O5 Not Sig ificant Significatat p.-@0.0 Not Significant

Nonparametric Analysis ofVariance Dunn's Test

F-
I

I
Significantatp:5;0.05 Not Significant B. Fishees Exact Test

1

(>75% ties)

Liu,,,iett'sTest

111.Test forPror)ortionData

Variance Test forHomogeneity
ofthe Binomial Distribution

a. Statisticallysignificantprobabilitiesare reportedas eitherp:50.05orp:50.01.
b. Proportiondata are not includedinthiscategory.
c. Used onlyto analyze data with homogeneity ofvariance.
d. Test forhomogeneity ofvariance.
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DATA ACQUISITION, VERIFICATION AND STORAGE:

Data willbe hand- and/orcomputer-recorded.Records willbe reviewedby theStudy
Directorand/orappropriatemanagement personnelwithin21 days aftergeneration.All
originalrecordswillbe storedinthearchivesoftheTestingFacility.Alloriginaldatawill
be bound and indexed.A copy ofallraw datawillbe suppliedtotheSponsor upon
request.Preservedtissueswillbe storedattheTestingFacilityatno chargeforone
yearaftermailingofthedraftfinalreport,afterwhichtimethe Sponsor willbe contacted
todeterminethedispositionofthese materials.

RECORDS TO BE MAINTAINED:

Protocoland Amendments.
TestArticleVehicleand/orReagent Receipt,Preparationand Use.
AnimalAcquisition.
RandomizationSchedules.
VeterinarianExamination.
Mating History.
Treatment(ifprescribedby StaffVeterinarian).
General Comments.
ClinicalObservationsand/orGeneralAppearance.
BloodSample Collection,Processingand Shipment (ifrequired).
Body Weights.
Feed Consumption Values.
Caesarean-Sectioningand FetalObservations.
Gross Necropsy Observations.
Organ Weights(ifrequired).
Photographs(ifrequired).
Study Maintenance(room and environmentalrecords).
Feed and Water Analyses.
Packingand/orShipment Lists.

KEY PERSONNEL:

ExecutiveDirectorofResearch: MildredS. Christian,Ph.D.,Fellow,ATS
DirectorofResearch: Alan M. Hoberman, Ph.D.,DABT
AssociateDirectorofResearch and StudyDirector:Raymond G. York,Ph.D.,DABT
DirectorofLaboratoryOperations:John F.Barnett,B.S.
Manager ofStudyCoordination:ValerieA. Sharper,M.S.
Manager ofAnimal Operationsand Member, InstitutionalAnimal Care and
Use Committee: Dena C. Lebo,V.M.D.

Manager ofRegulatoryCompliance: KathleenA. Moran, M.S.
Consultant,VeterinaryPathology:W. Ray Brown,D.V.M.,Ph.D.,ACVP
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FINAL REPORT:

A comprehensive draft finalreport willbe prepared on completion of the study and will
be finalizedfollowingconsultationwiththe Sponsor. The reportwillincludethe

following:

Summary and Conclusion.
Experimental Design and Method.
EvaluationofTest Results.
Appendices: Figures,Summary and IndividualTables Summarizing the Above
Data, Protocoland Associated Amendments and Deviations,Study Director's
GLP Compliance Statement, Reports ofSupporting Data (ifappropriate)and
QAU Statement.

INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE STATEMENT:

The procedures described inthisprotocolhave been reviewed by the Testing Facility's
InstitutionalAnimal Care and Use Committee. Allprocedures described inthisprotocol
thatinvolvestudy animals willbe conducted ina manner to avoid or minimize
discomfort,distressor pain tothe animals.

The Sponsor's signaturebelow documents thefactthatinformationconcerning the
necessityforconducting thisstudy and thefactthatthisisnotan unnecessarily
duplicativestudy may be obtained from the Sponsor. No alternative(invitro)
procedures were availableformeeting the statedpurposes ofthe study.
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STUDY SCHEMATIC

RABBIT DEVELOPMENTAL TOXICITY STUDY'

Caesarean-
Sectioningb

Startof End of
Dosage Dosage

Timed-Pregnant
Rabbits

Day 7 of Ljay20 of
Presumed Presumed
Gestation Gestation

Lidy1-9Of
Presumed
Gestation

Dosage Period
a = For additionaldetailssee '7ests,Analysesand Measurements" sectionofthe

protocol.
b = Fetalevaluations(external,softtissueand skeletal).
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SCHEDULE'

21 AUG 98 Animals Arrive-AcclimationBegins.

23 AUG 98 -09 SEP 98 Dosage Period (Days 7 through 20 ofpresumed
gestation).

06 SEP 98 -10 SEP 98 ToxicokineticSample Collection(Day 21 of
presumed gestation).

14 SEP 98 -18 SEP 98 Caesarean-Sectioning Period (Day 29 of
presumed gestation).

17 DEC 98 DraftFinalReport.

a. The study initiationdate isthe date the Study Directorsigns the protocol.
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MATERIAL SAFETY 3m

DATA SHEET 3m center
St. paul, Minnesota
551"-1000
1-800-364-3577 or (612) 737-6501 (24 hours)

Copyright, 1998, Minnesota Mining and Manufacturing Company.
All rights reserved. Copying and/or downloading of this
information for the purpose of properly utilizing 3M products
is allowed provided that:
1) the information is copied in fu3.1with no changes unless

prior agreement is obtained from 3M, and
2) neither the copy nor the original is resold or otherwise

distributedwith the intention of earning a profit thereon.

DIVISION: 3M CHEMICALS
TRADE NAME:

FC-95 FLUORAD Brand Fluarachemical Surfactant
ID NUMBER/U.P.C.:
98-0207-0103-7 00-5113S-09064-1 98-0207-0104-6 00-51135-09055-8
98-0211-0888-6 00-51135-09362-7 98-0211-3916-1 00-51135-02311-2

ZF-0002-10"-l -

ISSUED: January 29, 1998
SUPERSEDES: November OS, 1997
DOCUMENT: 10-3796-9

-----------------------------------------------------------------------------

1. INGREDIENT C.A.S. NO. PERCENT
-----------------------------------------------------------------------------

POTASSIUM PERFLUOROALKYL SULFONATE ...... 2795-39-3 82 86

POTASSIUM PERFLUOROALKYL SULFONATE ...... 3871-99-6 3 8

POTASSIUM PERFLUOROALKYL SULFONATE ...... 29420-49-3 3 7

POTASSIUM PERFLUOROALKYL SULFONATE ...... 60270-55-6 2 6

POTASSIUM PERFLUOROALKYL SULFONATE ...... 3872-25-1 1 3

-----------------------------------------------------------------------------

2. PHYSICAL DATA
-----------------------------------------------------------------------------

BOILING POINT: .................N/A
VAPOR PRESSURE: ................N/A
VAPOR DENSITY: .................N/A
EVAPORATION RATE: ..............N/A
SOLUBILITY IN WATER: ...........slight
SPECIFIC GRAVITY: ..............ca. 0.6 Water=l

(Bulk)
PERCENT VOLATILE: ..............0 %
pH: ............................7 - 8

(0.1% Aqueous)
VISCOSITY: .....................N/D
MELTING POINT: ..................N/D

APPEARANCE AND ODOR:
Light colored, free flowing powder.

-----------------------------------------------------------------------------

Abbreviations: N/D - Not Determined N/A - Not-Applicable CA - Approximately
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-----------------------------------------------------------------------------

3. FIREAND EXPLOSIONHAZARDDATA
-----------------------------------------------------------------------------

FLASH POINT: ...................None

FLAMMABLE LIMITS - LEL: ........N/A

FLAMMABLE LIMITS - UEL:
........N/A

AUTOIGNITION TEMPERATURE:
......N/A

EXTINGUISHING MEDIA:
Water, Carbon dioxide, Dry chemical, Foam

SPECIAL FIRE FIGHTING PROCEDURES:
Wear full protective clothing, including helmet, self-contained,
positive pressure or pressure demand breathing apparatus, bunker coat
and pants, bands around arms, waist and legs, face mask, and
protective covering for exposed areas of the head.

UNUSUAL FIRE AND EXPLOSION HAZARDS:
See Hazardous Decomposition section for products of combustion.

-----------------------------------------------------------------------------

4. REACTIVITY DATA
-----------------------------------------------------------------------------

STABILITY: Stable

INCOMPATIBILITY - MATERIALS/CONDITIONS TO AVOID:
Not applicable.

HAZARDOUS POLYMERIZATION: Hazardous polymerization will not occur.

HAZARDOUS DECOMPOSITION PRODUCTS:
Carbon Monoxide and Carbon Dioxide, Oxides of Sulfur, Hydrogen
Fluoride, Toxic Vapors, Gases or Particulates.

-----------------------------------------------------------------------------

S. ENVIRONMENTAL INFORMATION
-----------------------------------------------------------------------------

SPILL RESPONSE:
Observe precautions from other sections. Vacuum, use wet sweeping
compound or water to avoid dusting. CAUTIONI A vacuum cleaner could
be an ignition source. Clean up residue with water. Place in an
approved metal container. Seal the container.

RECOMMENDED DISPOSAL:
Do not release to waterways or sewer. Do not use in products or
processes that could result in aquatic concentrations greater than
1/10 of the lowest ECSO or LCSO concentration. Incinerate in an
industrial or commercial facility in the presence of a combustible
material. Combustion products will include HF. Disposal
alternative: Dispose of waste product in a facility permitted to

-----------------------------------------------------------------------------
Abbreviations: N/D - Not Determined N/A - Not Applicable CA - Approximately
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-----------------------------------------------------------------------------

5. EWIRC)NMENTAL INFORMATION (continued)
-----------------------------------------------------------------------------

accept chemical waste.

ENVIRONMENTAL DATA:
96-Hr. Aquatic Fish LCSO, Fathead Minnow(Pimephales promelas)=38 mg/l,
Bluegill Sunfish(Leponis macrochirus)-68 mg/l,,Rainbow Trout(Saloo
gairdneri)-Il mg/l; 46-Mr. EC50, Daphnia Magna - 50 mg/l; COD=.004

g/g; BOD20 = Ni-I.

REGULATORY INFORMATION:
Volatile Organic Compounds: NIA.
VOC Less H20 & Exempt Solvents: N/A.

Since regulations vary, consult applicable regulations or authorities
before disposal. U.S. EPA Hazardous Waste Number - None (Not U.S.
EPA Hazardous).

This product complies with the chemical registration requirements of
TSCA, EINECS, CDSL, AICS, MITI and Korea.

EPCRA HAZARD CLASS:
FIRE HAZARD: No PRESSURE: No REACTIVITY: No ACUTE: Yes CHRONIC: Yes

-----------------------------------------------------------------------------

6. SUGGESTED FIRST AID
-----------------------------------------------------------------------------

EYE CONTACT:
Immediately flush eyes with large amounts of water for at least 15
minutes. Get immediate medical attention.

SKIN CONTACT:
Immediately flush skin with large amounts of water. Remove
contaminated clothing. If irritation persists, call a physician.Wash
contaminated clothing before reuse.

INHALATION:
If signsisymptoms occur, remove person to fresh air. If
signs/symptoms continue, call a physician.

IF SWALLOWED:
Drink two glasses of water. Call a physician.

-----------------------------------------------------------------------------

7. PRECAUTIONARY INFORMATION
-----------------------------------------------------------------------------

EYE PROTECTION:
Avoid eye contact. Wear vented goggles.

-----------------------------------------------------------------------------
Abbreviations: N/D - Not Determined N/A - Not Applicable CA - Approximately
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-----------------------------------------------------------------------------

7. PRECAUTIONARY INFORMATION (continued)
-----------------------------------------------------------------------------

SKIN PROTECTION:
Avoid skin contact. Wear appropriat gloves when handling this
material. A pair of gloves made fro: the following material(s) are
recommended: butyl rubber. Use one or more of the following
personal protection items as necessary to prevent skin contact: head
covering, coveralls. Protective garments (other than gloves) should
be made of either of the following materials:
polyethylene/polyvinylidenechloride (Saranex).

RECOMMENDED VENTILATION:
Use with appropriate local exhaust ventilation. Use in a well-
ventilated area. Provide sufficient ventilation to maintain
emissions below recommended exposure limits. If exhaust ventilation
is not adequate, use appropriate respiratory protection.

RESPIRATORY PROTECTION:
Avoid breathing of dust. Select one of the following NIOSM approved
respirators based on airborne concentration of contaminants and in
accordance with OSHA regulations: half-mask dust and mist respirator,
half-mask supplied air respirator, full-face dust and mist respirator,
full-face supplied air respirator.

PREVENTION OF ACCIDENTAL INGESTION:
Do not eat, drink or smoke when using this product. Wash exposed
areas thoroughly with soap and water. Wash hands after handling and

before eating.

RECOMMENDED STORAGE:
Keep container dry. Keep container closed when not in use.

FIRE AND EXPLOSION AVOIDANCE:
Nonflammable.

OTHER PRECAUTIONARY INFORMATION:
No smoking: Smoking while using this product can result in
contamination of the tobacco and/or smoke and lead to the formation
of the hazardous decomposition products mentioned in section 4 of
this MSDS.

HMIS HAZARD RATINGS: HEALTH: 2 FLAMMABILITY: 0 REACTIVITY: 0
PERSONAL PROTECTION: X (See precautions, section 7.)

EXPOSURE LIMITS

INGREDIENT VALUE UNIT TYPE AUTH SKIN*
-----------------------------------------------------------------------------

POTASSIUM PERFLUOROALKYL SULFONATE ... 0.1 MG/M3 TWA 3M y

POTASSIUM PERFLUOROALKYL SULFONATE ... 0.1 MG/M3 TWA 3M y

POTASSIUM PERFLUOROALKYL SULFONATE ... 0.1 MG/M3 TWA 3M y

POTASSIUM PERFLUOROALKYL SULFONATE ... 0.1 MG/M3. TWA 3M y
-----------------------------------------------------------------------------
Abbreviations: N/D - Not Determined N/A - Not Applicable CA - Approximately
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EXPOSURE LIMITS (continued)

INGREDIENT VALUE UNIT TYPE AUTH SKIN-
-----------------------------------------------------------------------------

POTASSIUM PERFLUOROALKYL SULFONATE ... 0.1 MG/M3 TWA 3M y

* SKIN NOTATION: Listed substancesindicatedwith 'Y' under SKIN refer to
the potentialcontributionto the overallexposureby the cutaneousroute
including mucous membrane and eye, either by airborneor, more particularly,
by directcontactwith the substance. Vehiclescan alter skin absorption.

SOURCE OF EXPOSURE LIMIT DATA:
- 3M: 3M Recommended Exposure Guidelines

-----------------------------------------------------------------------------

S. HEALTH HAZARD DATA-----------------------------------------------------------------------------

EYE CONTACT:
Mild Eye Irritation:signs/symptomscan includeredness,swelling,
pain, and tearing.

SKIN CONTACT:
Mild Skin Irritation(afterprolongedor repeatedcontact):
signs/symptomscan include redness,swelling,and itching.

May be absorbedthrough the skin and persistin the body for an
extended time.

INHALATION:
May be harmfulif inhaled.

May be absorbedby inhalationand persistin the body for an extended
time.

Single overexposure,above recommendedguidelines,may cause:

Irritation(upperrespiratory):signstsymptomscan include
soreness of the nose and throat, coughingand sneezing.

IF SWALLOWED:
Ingestionis not a likely routeof exposureto this product.

Illnessmay resultfrom a single swallowingof a moderatequantityof
this material.

May be harmful if swallowed.

MUTAGENICITY:
Mutagenicity-assaysindicatethe productis not mutagenic.

-----------------------------------------------------------------------------
Abbreviations:N/D - Not Determined N/A - Not Applicable CA - Approximately
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-----------------------------------------------------------------------------

S. HEALTH MAZARD DATA (continued)
-----------------------------------------------------------------------------

REPRODUCTIVE/DEVELOPMENTAL TOXINS:
Not teratagenic in the rat at oral doses below maternally toxic
levels.

OTHER HEALTH HAZARD INFORMATION:
This product is not known to contain any substances regulated under
California Proposition 65.

A Product Toxicity Summary Sheet is available.

-----------------------------------------------------------------------------

SECTION CHANGE DATES
----------------------------------------------------------------------------

HEADING SECTION CHANGED SINCE November 05, 1997 ISSUE

-----------------------------------------------------------------------------
Abbreviations: N/D - Not Determined N/A - Not Applicable CA - Approximately

-----------------------------------------------------------------------------

The information in this Material Safety Data Sheet (MSDS) is believed to
be correct as of the date issued. 3M MAKES NO WARRANTIES, EXPRESSED OR
IMPLIED, INCLUDING, BUT NOT LIMITED TO, ANY IMPLIED WARRANTY OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE OR COURSE OF
PERFORMANCE OR USAGE OF TRADE. User is responsible for determining
whether the 3M product is fit for a particular purpose and suitable for
user's method of use or application. Given the variety of factors that
can affect the use and application of a 3M product, some of which are
uniquely within the user's knowledge and control, it is essential that
the user evaluate the 3M product to determine whether it is fit for a
particular purpose and suitable for user's method of use or application.

3M provides information in electronic form as a service to its customers.
Due to the remote possibility that electronic transfer may have resulted
in errors, omissions or alterations in this information, 3M makes no
representations as to its completeness or accuracy. In addition,
information obtained from a database may not be as current as the
information in the MSDS available directly from 3M.
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Version:418-012 (09AUG 98)

Page 1of3

TEST ARTICLE AND VEHICLE PREPARATION PROCEDURE

Test Article: PFOS

Vehicle: 0.5% Tweene 80 in R.O. Deionized Water

A. Purpose: The purpose of this procedure isto provide a method for the preparation
of dosage suspensions of PFOS and the vehicle for oral administration to

rabbits on Argus Study 418-012.

B. General Information:

1. All suspension containers willbe labeled and color coded. Each label will
specify the protocol number, test articleidentification,Argus batch
number, concentration, dosage level,preparation date, expiration date
and storage conditions.

2a. Suspensions willbe prepared:
X Daily - Weekly - For days of use

2b. Vehicle willbe prepared:
Daily X Weekly - For days of use

3. Suspensions willbe prepared at a finaldosage volume of 5 mL/kg.

4. Safety:
X Gloves, lab coat, goggles or safety glasses and faceshield

X Dust-Mist Respirator
Haff-Face Respirator
Full-Face Respirator/Positive Pressure Hood
Tyvek Suit/Apron

5. Dosage suspensions adjusted for Free base and % Purity.

Yes X _ No (Calculations based on 100%)

Free Base Purity

6. Sampling requirements: Cited inprotocol.

7. Storage: Cited inprotocol.



418-012:PAGE C-29

ATTACHMENT 3 Protocol418-012
Version:418-012 (09AUG 98)

Page 2 of3
TEST ARTICLE AND VEHICLE PREPARATION PROCEDURE

NOTE: Test articlewillbe prepared as a serialdilutionfrom the high dosage to
the low dosage. Once the finalvolumes are achieved, stirbars areto be
added to the containers;mixingshould occur duringsampling and/or

administration.

C. PreparationofVehicle

1 . Add the requiredamount ofR.O. deionized water to an appropriately
labeledcontainer.Heat the water to 500C, ±50C, add the required
amount ofTweens 80 and mix untiluniform (See TEST ARTICLE

CALCULATIONS).

D. Test ArticleSuspension Preparation:

1 . To prepare the 0.75 mg/mL, Group V suspension, add the required
amount oftestarticle(See TEST ARTICLE CALCULATIONS) intoan
appropriatelysized,labeledcontainer.QS ad to the requiredamount with
vehicleand heat the mixtureto 800C ±50C forapproximately 30 minutes

or untilthe TA/S dissolves.

2. Once the testarticlehas dissolved;spinwhilethe suspension cools. (Be
sure there isa visiblevortex,thiswillachieve the desired emulsion.This
may be prepared the day before use.)

3. To prepare the 0.5 mg/mL, Group IV suspension, remove the required
amount of stocksuspension (Group V) (See TEST ARTICLE
CALCULATIONS), QS ad withthe vehicleand mix.

4. To prepare the 0.2 mg/mL, Group IIIsuspension, remove the required
amount of stocksuspension (Group IV)(See TEST ARTICLE

CALCULATIONS), QS ad withthe vehicleand mix.

5. To prepare the 0.02 mg/mL, Group 11suspension, remove the required
amount of stock suspension (Group 111)(See TEST ARTICLE

CALCULATIONS), QS ad withthe vehicleand mix.
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Page 3 of3
TEST ARTICLE AND VEHICLE PREPARATION PROCEDURE

6. To prepare the 0 mg/mL, Group Isuspension, add requiredamount of
vehicletoan appropriatelysized,labeledcontainer(See TEST ARTICLE
CALCULATIONS) and mix.

Written by:

Approved b Date: 11-4@16-9

Clarification: No --@@s (See attachedclarificationform.)

lnftials/Date:
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Afgus Research Laboratories,Inc.P PJAEDIC A 905 Sheehy Drive,BuildingA
Horshaffn,PA 19044

Telephone: (215)443 -87 10
TelefiLx:(215)443-8587

PROTOCOL 418-012

ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY
OF PFOS IN RABBITS

SPONSOR'S STUDY NUMBER: 6295.10

Amendment I -11 December 1998

1 S12onso (page 1 oftheprotocol):

The Sponsor is3M CorporateToxicology,ratherthan 3M ToxicologyServices.

Reason forChange:

This change was made atthe requestoftheSponsor.

2. Species/Strainand Reason forSelection(page 5 oftheprotocol):

The testarticleisbiologicallyactive,ratherthanpharmacologicallyactiveinthis
strain.

Reason forChange:

This change was made atthe requestoftheSponsor.

3. Route and Reason forChoice (page 7 oftheprotocol):

The oral(gavage)routeisa possiblerouteofhuman exposure,ratherthan the
one proposed forclinicaluse.
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Amendment 1
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Page 2

Reason forChange:

This change was made at the request of the Sponsor.
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TITLE: ORAL (STOMACH TUBE) DOSAGE-RANGE DEVELOPMENTAL
TOXICITY STUDY OF PFOS IN RABBITS

ARGUS RESEARCH LABORATORIES, INC.
PROTOCOL NUMBER: 418-012P
SPONSOR'S STUDY NUMBER: T-6295.10

ABSTRACT

Thirty-fivepresumed pregnant New Zealand White [Hra:(NZW)SPF] rabbitswere
randomly assignedtoseven dosage groups,fivepergroup. Suspensions of
PFOS were administeredorallyonce dailyon days 7 through20 ofpresumed
gestation(DGs 7 to20) atdosages of0 (Vehicle),0.1,1,2.5,5,10 and
20 mg/kg/day.The vehiclewas 0.5% Tween88O inreverseosmosis membrane
processed deionizedwater.The dosage volume was 10 mukg, adjusteddaily
on the basisofthe individualbody weights.

Checks forviabilitywere made twicedaily.Clinicalobservationswere recorded
twicedailyduringthe dosage period(once priortodosage administrationand
once approximatelyone hour afterdosage administration)and once dailyduring
thepostdosage period.Body weightsand feed consumption valueswere
recordeddailyduringthe dosage and postdosage periods.

Allsurvivingrabbitswere sacrificedon DG 29 and examined forthe number and
distributionofcorporalutea,implantationsitesand uterinecontents.A gross
necropsy ofthethoracic,abdominal and pelvicviscerawas performed. Fetuses
were weighed and examined forgross externalalterationsand sex.

Two does inthe5 mg/kg/day dosage group and fourinthe 10 mg/kg/day dosage
group abortedand were sacrificed.Additionally,fourdoes inthe20 mg/kglday
dosage group were found dead and one doe inthesame dosage group aborted
and was sacrificed.Dosage-dependant increasesinadverse clinical
observations(scantor no feces,ungroomed coatand excess salivation)
occurredinthe2.5,5,10 and 20 mg/kg/day dosage groups.

Rabbitsinthe 10 and 20 mg/kg/day dosage groups had body weight lossesand
severelyreduced absoluteand relativefeed consumption valuesforallrecorded
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intervalsafterinitiationofdosage; therewere no survivingpregnant rabbitsin
thesegroups afterDGs 26 and 19,respectively.The 2.5and 5 mg/kg/day
dosage groups had decreased body weightgainsorbody weight lossesforthe
entiredosage and gestationperiods.Absolute and relativefeed consumption
valuesfortheentiredosage periodwere reduced inthe2.5and 5 mg/kg/day
dosage groups. Feed consumption values were reduced inthe 2.5 and

5 mg/kg/day dosage groups forthe entiregestationperiod afterthe initiationof

dosing.

Fetalbody weights were severely reduced and the number of early and late

resorptionsand the percentage of conceptuses per lifterwere increased inthe

5 mg/kg/day dosage group, however, only two of the fourpregnant does inthis

dosage group survived to Caesarean-sectioning. Fetalbody weights were

reduced inthe 2.5 mg/kg/day dosage group as compared to the concurrent

controlsbut were at the lower end ofthe range observed historicallyatthe

Testing Facility.Allother Caesarean-sectioning or lifterparameters were

unaffected by administrationofthe testarticleat dosages as high as

5 mg/kg/day.

One fetus inthe 2.5 mg/kg/day dosage group had a cleftsnout and absent

incisors.Two fetuses inthe 0.1 mg/kg/day dosage group had fetalgross

malformations. One fetus had a short snout,displaced and small nares and the
other fetus had abdominal distention.

Based on these data,dosages of 0 (Vehicle),0.1,1.0,2.5 and 3.75 mg/kg/day

PFOS were recommended forthe developmental toxicitystudy in rabbits(Argus
Protocol418-012).
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1. PurRose:

The purpose ofthisstudywas to provideinformationforthe selectionof dosages
to be used in the developmental toxicity(embryo-fetaltoxicityand teratogenic

potential)study of PFOS administered orallyviastomach tube to New Zealand

White [Hra:(NZW)SPF] presumed pregnant female rabbits.

ii. Methods!:

The testarticle,PFOS (Lot217), an offwhite powder, was received on

20 May 1998, and was stored at room temperature. The vehicle,0.5%

Tween@80 (lotM03HO5), a clearviscous fluidwas received on 1 July 1998, and

was stored at room temperature. The vehiclediluent,reverse osmosis

membrane processed deionized water (R.O. Deionized Water) was available

from a continuous source at the Testing Facilityand was maintained at room

temperature.

Thirty-fivepresumed pregnant New Zealand White [Hra:(NZW)SPF] rabbitswere

randomly assigned to seven dosage groups [fiveper group (Groups Ithrough

Vil)].Suspensions of PFOS were administered orally(stomach tube) once daily

on days 7 through 20 of presumed gestation(DGs 7 to 20) atdosages of

0 (Vehicle),0.1,1,2.5,5, 10 and 20 mg/kg/day. The dosage volume was 10

mukg, adjusted dailyon the basis of the individualbody weights recorded
immediately before intubationof the testarticle.

Checks forviabilitywere made twice daily.Clinicalobservations were recorded

twice dailyduring the dosage period (once priorto dosage administrationand

once approximately one hour afterdosage administration)and once dailyduring

the postdosage period. Body weights and feed consumption values were

recorded dailyduring the dosage and postdosage periods.

Allsurvivingrabbitswere sacrificedon DG 29 and examined forthe number and

distributonof corpora lutea,implantationsitesand uterinecontents. A gross

necropsy of the thoracic,abdominal and pelvicviscerawas performed. Fetuses

were weighed and examined forgross externalalterationsand sex.

a. Detailed descriptionsof allprocedures used inthe conduct of thisstudy

are provided inthe attached protocoland amendments. Deviationsfrom

the Protocol and Standard Operating Procedures of the Testing Facility
are availableinthe raw data.
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Ill. Results:

A. Mortalily,Clinicaland NecroRsv Observations (Summaries -Tables I
and 2: Individual Data - Tables 3. 11 and 12)

A.I. Mortalily, Abortions and Uterine Contents of Aborted Rabbits

Two does (8257 and 8259) in the 5 mg/kg/day dosage group and four does

(8261, 8262, 8364 and 8265) inthe 10 mg/kg/day dosage group aborted and

were sacrificed.Additionally,fourdoes (8266, 8267, 8268 and 8270) inthe

20 mg/kg/day dosage group were found dead and one doe (8269) inthe same

dosage group aborted and was sacrificed.The death of doe 8266 was due to an

intubationaccident. These does are described below. Allother does survived to

scheduled sacrifice.

5 mg/kg/day dos"e

Doe 8257 inthe 5 mg/kg/day dosage group aborted and was sacrificedon

DG 23 after14 dailydosages. The only adverse clinicalobservation was scant

feces (DGs 13 to22). No gross lesionswere revealed by necropsy and fivelate

resorptionswere aborted and one lateresorptionwas inutero. This doe lost

body weight and feed consumption values were reduced throughout the dosage

period.

Doe 8259 inthe 5 mg/kg/day dosage group aborted and was sacrificedon

DG 22 after14 dailydosages. The only adverse clinicalobservation was scant

feces (DGs 14 and 16 to21). No gross lesionswere revealed by necropsy. This
doe aborted seven dead fetuses and two lateresorptions;no conceptuses

remained in utero. This doe lostbody weight and feed consumption values were

reduced afterDG 11.

10 mg/kci/day dosage

Doe 8261 inthe 10 mg/kg/day dosage group aborted and was sacrificedon

DG 26 after14 dailydosages. Adverse clinicalobservations included scant

feces (DGs 12, 16 to 20, 23 and 24),no feces (DG 13 to 15,21, 22, 25 and 26)

and an ungroomed coat (DGs 24 to 26). Alllobes ofthe liverwere mottled red

and tan and the mucosal surface of the stomach had numerous black areas at

necropsy. This doe aborted seven dead fetuses and two dead fetuses were in

utero. The fetuses thatwere inutero had edematous heads and necks; allother

fetuses appeared normal fortheirdevelopmental ages. This doe generallylost

weight and had reduced feed consumption values afterDG 9.
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Doe 8262 inthe 10 mg/kg/day dosage group abortedand was sacrificedon
DG 22 after14 dailydosages. Adverse clinicalobservationsincludeda mass on
the nose (DGs 7 to 21),scant feces (DGs 11 to 12, 14 to21) and no feces

(DG 13). At necropsy, the cut surface ofthe small mass on the nose revealed a

smooth pink material.Nine lateresorptionswere aborted and no conceptuses

remained in utero. This doe lostbody weight and feed consumption values were
reduced afterDG 9.

Doe 8264 inthe 10 mg/kg/day dosage group aborted and was sacrificedon

DG 23 after14 dailydosages. Adverse clinicalobservations included scant
feces (DGs 12, 14, 15,19 and 20),no feces (DGs 13, 16 to 18,21 and 22) and a

red substance inthe cage pan (DG 22). Alltissuesappeared normal at

necropsy. Nine lateresorptionswere aborted and no conceptuses remained in
utero. This doe lostbody weight afterDG 8 and feed consumption values were

reduced afterDG 9.

Doe 8265 inthe 10 mg/kg/day dosage group aborted and was sacrificedon

DG 25 after14 dailydosages. Adverse clinicalobservations included scant

feces (DGs 9 to 20, 23 and 24),no feces (DGs 21 and 22) and a red substance
inthe cage pan (DG 25). Alltissues appeared normal at necropsy. This doe

aborted one dead fetusand fivelivefetusesand one earlyresorptionwere in

utero. Allfetusesappeared normal fortheirdevelopmental ages. Body weight

losses occurred afterDG 8 and feed consumption values were reduced
throughout the dosage period.

20 mg/kglday dos"e

Doe 8266 in the 20 mg/kg/day dosage group was found dead on DG 17 after11

dailydosages. Adverse clinicalobservations priorto death included scant feces

(DGs 12 to 15),a red substance incage pan, no feces,ungroomed coat,a red

perivaginalsubstance (DGs 16 and 17) and excess salivation(DG 17).

Necropsy revealed a white frothymaterialinthe esophagus and inflatedlungs.

Necropsy also revealed tears inthe leftdiaphragmatic lobe and inthe leftlateral

lobe ofthe lungs (approximately2.0 cm inlength)and two eroded areas inthe

fundic mucosa ofthe stomach (1.5x 0.5 cm and 1.5 x 0.5 cm). Ten early

resorptionswere inutero. Allfetuses appeared normal fortheirdevelopmental

ages. Body weight lossoccurred afterDG 8 and itsfeed consumption values

were reduced throughout the dosage period. The death of thisdoe was

considered an intubationaccident because of the tearinthe leftlung lobe;

however, thisdoe had adverse clinicaland necropsy observations thatindicated
the doe was moribund.
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Doe 8267 inthe 20 mg/kg/day dosage group was found dead on DG 20 after13
dailydosages. Adverse clinicalobservationsincludedscantfeces (DGs 9, 10
and 16 to 19),no feces (DGs 11 to 15) and excess salivation(DG 19). No gross

lesionswere observed by necropsy and thirteendead fetuses were inuter-o.All

fetusesappeared normal fortheirdevelopmental ages. Body weight losses

occurred afterDG 8 and feed consumption values were reduced throughout the
dosage period.

Doe 8268 inthe 20 mg/kg/day dosage group was found dead on DG 17 after

10 dailydosages. Adverse clinicalobservations included scant feces (DGs 9

to 15),softor liquidfeces (DGs 12 and 13),a tan perivaginalsubstance (DG 16)
and no feces (DG 16). Necropsy revealed approximately 18 mL ofcloudy green

fluidinthe abdominal cavity,a friablestomach and a ruptured gallbladder. Nine

dead fetuses and one earlyresorptionwere in utero. Allfetuses appeared
normal fortheirdevelopmental ages. Body weight losses occurred afterDG 9

and feed consumption values were reduced throughout the dosage period.

Doe 8269 inthe 20 mg/kg/day dosage group aborted and was sacrificedon

DG 19 after13 dailydosages. Adverse clinicalobservations included scant
feces (DGs 11 to 19),excess salivation(DGs 18 and 19) and a red substance in

the cage pan (DG 19). Other than an observation of ungroomed coat and

confirmationof persistentadverse clinicalobservations,no gross lesionswere

observed by necropsy. This doe aborted three dead fetuses and fivelivefetuses

were in utero;allfetuses appeared normal fortheirdevelopmental ages. Body

weight losses occurred and feed consumption values were reduced afterDG 8.

Doe 8270 inthe 20 mg/kg/day dosage group was found dead on DG 16 after

nine dailydosages. The onlyadverse clinicalobservation priorto death was

scant feces (DGs 9 to 15). Necropsy revealed the non-glandular mucosal

surface of the stomach to be red and diffuse.Five fetuses and one early

resorptionwere in utero. Allfetuses appeared normal fortheirdevelopmental

ages. Body weight losses occurred afterDG 7 and feed consumption values
were reduced throughout the dosage period.

A.2. ClinicalObservations

Dosage-dependant increases inadverse clinicalobservations occurred inthe

2.5,5, 10 and 20 mg/kg/day dosage groups. One rabbitinthe 2.5 dosage group

and allrabbitsinthe 5, 10 and 20 mg/kg/day dosage groups had scant feces

(firstobserved on DGs 14, 13, 9 and 9,respectively).One, fiveand three rabbits

inthe 5, 10 and 20 mg/kg/day dosage groups had no feces (firstobserved on
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DG 18,12 and 11,respectively).Three rabbitsinthe20 mg/kg/daydosage
group had excesssalivation(firstobservedon DG 17).Two rabbitsthataborted
orwere founddead ineach ofthe 10 and 20 mg/kg/day dosage groups had a
redsubstanceinthecage pan (firstobservedon DGs 22 and 16,respectively).
Two rabbitsinthe20 mg/kg/daydosage group had a redortanperivaginal
substance(firstobservedon DG 16).One rabbitineach ofthe2.5,5,10 and 20
mg/kg/daydosage groups had an ungroomed coat(firstobservedon DG 18,23,
24,24 and 16,respectively).

Allotherclinicalobservationswere consideredunrelatedtothetestarticle
because: 1)theincidenceswere notdosage-dependent;or2)theobservations
occurredinonlyone rat.These clinicalobservationsincludedlocalizedalopecia
(underside,head,back and/orlimbs)for2,1,1,0,2,0 and 0 does intheseven
respectivedosage groups,a mass on the nose ofone 10 mg/kg/daydosage
group doe thataborted,one rabbitineach ofthe 0.1and 20 mg/kg/daydosage
groupsthathad softor liquidfeces(firstobservedon DG 12)and scantfecesin
one 0.1mg/kg/daydosage group rabbiton one day ofthestudy.

A.3. NecroRsy Observations

There were no necropsyobservationsforthe rabbitsthatsurviveduntil
scheduledsacrifice.Allnecropsyobservationsinrabbitsthatdiedoraborted
were describedpreviously.

B. MaternalBody Weights and Body Weight Changes (Figure1:
Summaries -Tables 4 and S.IndividualData -Table 12)

Rabbitsinthe 10 and 20 mg/kg/daydosage groups had body weightlossesfor
allrecordedintervalsafterinitiationofdosage;therewere no survivingpregnant
rabbitsinthesegroups afterDGs 26 and 19,respectively.The 2.5and
5 mg/kg/daydosage groups had decreased body weightgainsorbody weight
lossesfortheentiredosage period(calculatedas DGs 7 to21). Duringthe
postdosageperiod(DGs 21 to29),body weightgainswere increasedinthe
2.5and 5 mg/kg/daydosage groups,a rebound phenomenon thatcommonly
occursinthesetypesofstudies.Body weightgainsfortheentiregestation
period(DGs 0 to29)and theentiregestationperiodaftertheinitiationofdosing
(DGs 7 to29)were reducedinthe2.5and 5 mg/kg/daydosage groups.

Body weightsand body weightgainswere unaffectedby the 1 mg/kg/day
dosage ofthetestarticle.
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C. Absolute (glday)and Relative (g/kgiday)Feed Consumption Values
(Summaries - Tables 6 and 7: Individual Data -Table 14)

Rabbits inthe 10 and 20 mg/kg/day dosage groups had severely reduced

absolute and relativefeed consumption values forallrecorded intervalsafter
initiationof dosage; there were no survivingpregnant rabbitsinthese groups

afterDGs 26 and 19, respectively.Absolute and relativefeed consumption

values forthe entiredosage period (calculatedas DGs 7 to21) were reduced in

the 2.5 and 5 mg/kg/day dosage groups. During the postdosage period (DGs 21

to29),feed consumption values were generallycomparable among the five

survivinggroups, -althoughthe 5 mg/kg/day dosage group had slightlyincreased

feed consumption values during thisperiod,a rebound phenomenon that

commonly occurs inthese types of studies. Feed consumption values were

reduced inthe 2.5 and 5 mg/kg/day dosage groups forthe entiregestation

period afterthe initiationofdosing (DGs 7 to 29).

Absolute and relativefeed consumption values were unaffected by the

1 mg/kg/day dosage of the testarticle.

D. Caesarea n-Sectioning and LitterObservations (Summaries -Tables 8

and 9:IndividualData -Tables 15 through 17)

Caesarean-sectioning observations were based on 5,4, 4, 5 and 2 pregnant

rabbitswith one or more livefetuses inthe 0, 0.1,1,2.5 and 5 mg/kg/day dosage

groups, respectively.There were no pregnant rabbitsthatsurvived to DG 29

Caesarean-sectioning inthe 10 and 20 mg/kg/day dosage groups. Fetalbody

weights were severely reduced and the number ofearly and lateresorptionsand

the percent resorbed conceptuses per lifterwere increased (along withthe

concomitant decrease inliftersize)inthe 5 mg/kg/day dosage group. Only two

of the fourpregnant does inthisdosage group survived to Caesarean-

sectioning. Fetalbody weights were also reduced inthe 2.5 mg/kg/day dosage

group as compared to the concurrent controlsbut were at the lower end of the

range observed historicallyat the Testing Facility.

Allother Caesarean-sectioning or lifterparameters were unaffected by

administrationof the testarticleat dosages as high as 5 mg/kg/day. The lifter

averages forcorpora lutea,implantationsand percent livemale fetuses were

comparable among the fivesurvivingdosage groups. No does had a lifter

consistingof only resorbed conceptuses, there were no dead fetuses and all

placentae appeared normal.
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E. FetalGross Observations(Summary -Table 10)

Totalsof42,37,34,42 and 11 fetuseswere examined externallyforgross
alterationsinthefiverespectivedosages groupswithlivelifters.Three fetuses
had grossexternalalterations.One fetus(8251-10)inthe2.5mg/kg/daydosage
group had a cleftsnoutand absentincisors.Two fetuses(8243-8and 8244-7)in
the0.1mg/kg/daydosage group had fetalgrossmalformations;fetus8243-8 had
a shortsnout,displacedand smallnaresand fetus8244-7 had abdominal
distention.

IV. Recommendation:

Based on thesedata,dosages of0 (Vehicle),0.1,1.0,2.5and 3.75mg/kg/day
PFOS were recommended forthedevelopmentaltoxicitystudyinrabbits(Argus
Protocol418-012).The 0.1mg/kg/daydosage isexpectedtobe a
no-observable-effect-level(NOEL) forbothmaternaland embryo-fetaltoxicity,
and the 3.75mg/kg/daydosage isexpectedtoproduce minimalmaternaltoxicity
and littleorno developmentaltoxicity.

Alan M. Hoberman, Ph.D.,DABT Date
DirectorofResearch

9 9

ond G. York h. .,DABT Date
AssociateDirecto search
and Study Director

'&o n
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PROTOCOL 418-012P: ORAL (STOMACH TUBE) DOSAGE-RANGE DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS

(SPONSOR,S STUDY NUMBER: T-6295.10)

TABLE I (PAGE 1): CLINICAL OBSERVATIONS - SUMMARY

--------------------------------------------------------------------------------------------------------------------------

DOSAGE GROUP I ii III IV

DOSAGE (MG/KG/DAY)a 0 (VEHICLE) 0.1 1 2.5
--------------------------------------------------------------------------------------------------------------------------

MAXIMUM POSSIBLE INCIDENCE 115/ 5 115/ 5 115/ 5 IIS/ 5

MORTALITY 0 0 0 0

FOUND DEAD 0 0 0 0

ABORTED AND SACRIFICED 0 0 0 0

SCANT FECES 0/ 0 1/ 1 0/ 0 a/ I

NO FECES C/ 0 0/ 0 0/ 0 0/ 0

EXCESS SALIVATION 0/ 0 0/ 0 0/ 0 0/ 0

RED SUBSTANCE IN CAGE PAN 0/ 0 0/ 0 0/ 0 0/ 0

RED OR TAN PERIVAC;INAL SUBSTANCE 0/ 0 0/ 0 0/ 0 0/ 0

SOFT OR LIQUID FECES 0/ 0 2/ 1 0/ 0 0/ 0

UNGROO148D COAT 0/ 0 0/ o 0/ 0 12/ 1

NOSE: 14ASS 0/ 0 0/ 0 0/ 0 0/ 0

LOCALIZED ALOPECIA: TOTAL 15/ 2 3/ 1 2/ 1 0/ 0

UNDERSIDE 2/ 1 0/ o 0/ 0 0/ 0

HEAD 0/ 0 0/ 0 2/ 1 a/ 0

BACK 0/ 0 3/ 1 0/ 0 0/ 0

LIMBS 13/ 1 0/ 0 0/ 0 0/ 0

-------------------------------------------------------------------------------------------------------------------------

MAXIMUM POSSIBLE INCIDENCE - (DAYS x PABBITS)/NUMBER OF RABBITS EXAMINED PER GROUP ON DAYS 7 THROUGH 29 OF PRESUMED GEST

U/N - TOTAL NUMBER OF OBSERVATIONS/NUMBER OF RABBITS WITH OBSERVATION.

a. Dosage occurred on days 7 through 20 of presumed gestation.



PROTOCOL 418-012P: ORAL (STOMACH TUBE) DOSAGE-RA.NGE DEVELOPMENTAL TOXICITY STUDY OF PPOS IN RABBITS

(SPONSOR'S STUDY NUMBER: T-6295.10)

TABLE 1 IPAGE 2): CLINICAL OBSERVATIONS - SUMMARY

------------------------------------- ----------------------------------------------------------------------------------

DOSAGE GROUP v vi vii

DOSAGE (MG/KG/DAY)a 5 10 20
------------------------------------------------------------------------------------------------------------------------

MAXIMUM POSSIBLE INCIDENCE 102/ 5 95/ 5 59/ 5

MORTALITY 2 4 5

FOUND DEAD 0 0 4b-e

ABORTED AND SACRIFICED 2f,g 4h-k 1 1

SCANT FECES 50/ 5 49/ 5 33/ 5

NO FECES 2/ 1 23/ 5 S/ 3b-d

EXCESS SALIVATION 0/ 0 0/ 0 4/ 3b,c,l

RED SUBSTANCE IN CAGE PAN 0/ 0 2/ 2j,k 3/ 2b,l

RED OR TAN PERIVAGINAL SUBSTANCE 0/ 0 0/ 0 3/ 2b,d

SOFT OR LIOUID FECES 0/ 0 0/ 0 2/ id

UNGROOMED COAT 2/ 1 3/ ih 2/ lb

NOSE: MASS 0/ 0 15/ li 0/ 0

LOCALIZED ALOPECIA: TOTAL 16/ 2 0/ 0 0/ 0

UNDERSIDE 16/ 2 0/ 0 0/ 0

HEAD 0/ 0 0/ 0 0/ 0

BACK 0/ 0 0/ o 0/ 0

LIMBS 0/ 0 0/ o 0/ 0
------------------------------------------------------------------------------------------------------------------------

MAXIMUM POSSIBLE INCIDENCE - (DAYS x RABBITS)/NUMBER OF RABBITS EXAMINED PER GROUP ON DAYS 7 THROUGH 29 OF PRESUMED GES

NIN - TOTAL NUMBER OF OBSERVATIONS/NUMBER OF RABBITS WITH OBSERVATION.

a. Dosage occurred on days 7 through 20 of presumed gestation.

b. Doe 8266 was found dead on day 17 of gestation.

C. Doe 8267 was found dead on day 20 of gestation.

d. Doe 8268 was found dead on day 17 of gestation.

e. Doe 8270 was found dead on day 16 of gestation.

f. Doe 8257 aborted on day 23 of gestation.

9. Doe 8259 aborted on day 22 of gestation.

h. Doe 8261 aborted on day 26 of gestation.

i. Doe 0262 aborted on day 22 of gestation.

J. Doe 8264 aborted on day 23 of gestation.

k. Doe 0265 aborted on day 2S of gestation.

1. Doe 8269 aborted on day 19 of gestation.



PROTOCOL 418-012P! ORAL (STOMACH TUBE) DOSAGE-RANGE DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS

(SPONSOR'S STUDY NUMBER: T-6295.10)

TABLE 2 (PAGE 1): NECROPSY OBSERVATIONS - SUMMARY

-----------------------------------------------------------------------------------------------------------------------

DOSAGE GROUP I if III IV

DOSAGE (14G/KG/DAY)a 0 (VEHICLE) 0.1 1 2.5
------------------------------------------------------------------------------------------------------------------------

RABBITS EXAMINED b N 5 5 5 5

MORTALITY N 0 0 0 0

FOUND DEAD N 0 0 0 0

ABORTED N 0 0 0 0

APPEARED NORMAL N 5 5 5 5

ESOPHAGUS:

WHITE FROTHY MATERIAL N 0 0 0 0

LUNGS:

APPEARED INFLATED AND LEFT

DIAPHRAGMATIC LOBS, TEAR N 0 0 0 0

ABDOMINAL CAVITY:

CLOUDY GREEN FLUID N 0 0 0 0

GALLBLADDER:

RUPTURED N 0 0 0 0
------------------------------------------------------------------------------------------------------------------------

a. Dosage occurred on days 7 through 20 of presumed gestation.

b. Refer to the individual clinical observations table (Table 11) for external observations confirmed at necropsy.



PROTOCOL, 418-012P: ORAL (STOMACH TUBE) DOSAGE-RANGE DEVELOPMENTAL TOXICITY STUDY OF PPOS IN RABBITS

(SPONSOR'S STUDY NUMBER: T-6295.10)

TABLE 2 (PAGE 2): NECROPSY OBSERVATIONS - SUMMARY

-------------------------------------------------------------------------------------------------------------- ----------

DOSAGE GROUP I ii III IV

DOSAGE (MG/KG/DAY)a 0 (VEHICLE) 0.1 1 2.5

--------------------------------------------------------------------------------------------------------------------------

RABBITS BXAMINED b N s 5 5 5

STOMACH:

FUNDIC MUCOSA, TWO ERODED AREAS N 0 0 0 0

NON-GLANDULAR MUCOSA,

RED AND DIFFUSE N 0 0 0 0

FRIABLE N 0 0 0 0

MUCOSAL SURFACE,

NUMEROUS BLACK AREAS N 0 0 0 0

LIVER-.

LEFT LATERAL LOBE, TEAR N 0 0 0 0

MOTTLED RED AND TAN N 0 0 0 0

EXTERNAL OBSERVATIONS:

UNGROOKED COAT N 0 0 0 0

NOSE, MASS, CUT SURFACE

REVEALED SMOOTH PINK MATERIAL N 0 0 0 0

--------------------------------------------------------------------------------------------------------------------------

a. Dosage occurred on days I through 20 of presumed gestation.
b. Refer to the individual clinical observations table (Table 11) for external observations confirmed at necropsy.



PROTOCOL 418-012P: ORAL (STOMACH TUBE) DOSAGE-RANGE DEVELOPMENTAL TOXICITY STUDY OF PPOS IN RABBITS

(SPONSOR'S STUDY NUMBER: T-6295.10)

TABLE 2 (PAGE 3): NECROPSY OBSERVATIONS - SUMMARY

----------------------------------------------------------------------------------------------------------------------

DOSAGE GROUP v vi Vil

DOSAGE (MG/KG/DAY)a 5 10 io
------------------------------------------------------------------------------------------------------------------------

RABBITS EXAMINED b N 5 5 5

MORTALITY N 2 4 5

FOUND DEAD N 0 0 4c-f

ABORTED N 2(j,h 41-1 Im

APPEARED NORMAL N Sg,h 3k,l 2d,m

ESOPHAGUS:

WHITE FROTHY MATERIAL u 0 0 Ic

LUNGS:

APPEARED INFLATED AND LEFT

DIAPHRAGMATIC LOBE, TEAR N 0 0 lc

ABDOMINAL CAVITY-.

CLOUDY GREEN FLUID N 0 0 le

GALLOIJUDDER:

RUPTURED N 0 0 le

-----------------------------------------------------------------------------------------------------------------------

a. Dosage occurred on days 7 through 20 of presumed gestation.

b. Refer to the individual clinical observations table (Table 11) for external observations confirmed at necropsy.

c. Doe 8266 was found dead on day 17 of gestation.

d. Doe 8267 was found dead on day 20 of gestation.

e. Doe 8268 was found dead on day 17 of gestation.

f. Doe 8270 was found dead on day 16 of gestation.

9. Doe 6257 aborted on day 23 of gestation.

h. Doe 82S9 aborted on day 22 of gestation.

i. Doe 8261 aborted on day 26 of gestation.

J. Doe 8262 aborted on day 22 of gestation.

k. Doe 8264 aborted on day 23 of gestation.

1. Doe 8265 aborted on day 25 of gestation.

M. Doe 6269 aborted on day 19 of gestation.



PROTOCOL 418-012P: ORAL (STOMACH TUBE) DOSAGE-RANGE DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS

(SPONSOR'S STUDY NUMBER: T-6295.10)

TABLE 2 (PAGE 4): NECROPSY OBSERVATIONS - SUMMARY

--------------------------------------------------------------------------------------------------------------------------

DOSAGE GROUP v vi vii

DOSAGE (MG/KG/DAY)a 5 10 20

-------------------------------------------------------------------------------------------------------------------------

RABBITS EXAMINED b N 5 5 5

MORTALITY N 2 4 5

FOUND DEAD N 0 0 4c-f

ABORTED N 2g,h 4i-1 Im

STOMACH:

FUNDIC MUCOSA, TWO ERODED AREAS N 0 0 lc

NON-GLANDULAR MUCOSA,

RED AND DIFFUSE N 0 0 if

FRIABLE N 0 0 le

MUCOSAL SURFACE,

NUMEROUS BLACK AREAS N 0 ii 0

LIVER:

LEFT LATERAL LOBS, TEAR N 0 0 Ic

MOTTLED RED AND TAN N 0 ii 0

EXTERNAL OBSERVATIONS:

UNGROOMED COAT N 0 0 lm

NOSE, MASS, CUT SURFACE

REVEALED SMOOTH PINK 14ATERIAL N 0 ij 0

-----------------------------------------------------------------------------------------------------------------------

a. Dosage occurred on days 7 through 20 of presumed gestation.

b. Refer to the individual clinical observations table (Table 11) for external observations confirmed at necropsy.

c. Doe 8266 was found dead on day 17 of gestation.

d. Doe 8267 was found dead on day 20 of gestation.

e. Doe 8266 was found dead on day 17 of gestation.

f. Doe 8270 was found dead on day 16 of gestation.

9. Doe 0257 aborted on day 23 of gestation.

h. Doe 8259 aborted on day 22 of gestation.

i. Doe 8261 aborted on day 26 of gestation.

J. Doe 8262 aborted on day 22 of gestation.

k. Doe 8264 aborted on day 23 of gestation.

1. Doe 8265 aborted on day 25 of gestation.

M. Doe 8269 aborted on day 19 of gestation.
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(SPONSOR'S STUDY NUMBER: T-6295.10)

TABLE 3 (PAGE 1): UTERINE CONTENTS AND LITTER DATA FOR RABBITS THAT WERE FOUND DEAD OR ABORTED

-------------------------------------------------------------------------------------------------------------------------

DOSAGE GROUP RABBIT CORPORA LUTEA IMPLANTATIONS EMBRYOS/FETUSES b RESORPTIO

DOSAGE (14G/KG/DAY)a NUMBER DAY OF DEATH R L T R L T R L A T R L
--------------------------------------------------------------------------------------------------------------------------

I

0 (VEHICLE)

0.1

III

I

IV

2.5

v

5 0257 ABORTED ON DAY 23 2 4 6 2 4 6 0 0 0 0 0 1

OF GESTATION

82S9 ABORTED ON DAY 22 4 7 11 3 6 9 0 0 7e 7 0 0

OF GESTATION

vi

10 8261 ABORTED ON DAY 26 4 7 11 2 7 9 2f 0 7e 9 0 0

OF GESTATION

8262 ABORTED ON DAY 22 5 5 10 4 5 9 0 0 0 0 0 0

OF GESTATION

6264 ABORTED ON DAY 23 4 5 9 4 5 9 0 0 0 0 0 0

OF GESTATION

6265 ABORTED ON DAY 25 4 3 7 4 3 7 2 3 le 6 1 0

OF GESTATION
------------------------------------------------------------------------------------------- -------------------------

R = RIGHT L = LEFT T = TOTAL A = ABORTED

a. Dosage occurred on days 7 through 20 of gestation.

b. Conceptuses appeared normal for developmental ages.

c. Early resorptions, unless noted otherwise.

d. Autolysis precluded further evaluation.

e. Dead fetuses.

f. Fetus 8261-1 and 8261-2 had edema on the dorsal head and ventral neck.



PROTOCOL 418-012P: ORAL (STOMACH TUBE) DOSAGE-RANGE DEVEUOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS

(SPONSOR'S STUDY NUMBER: T-6295.10)

TABLE 3 (PAGE 2): UTERINE CONTENTS AND LITTER DATA FOR RABBITS THAT WERE FOUND DEAD OR ABORTED

--- -------------------------------------------------------------------------------------------------------------------

DOSAGE GROUP RABBIT CORPORA LUTEA IMPLANTATIONS EMBRYOS/FETUSES b RESORPTI
DOSAGE (MG/KG/DAY)a NUMBER DAY OF DEATH R L T R L T R L A T R L
-------------------------------------------------------------------------------------------------------------------------

Vil

20 8266 FOUND DEAD ON DAY 5 s 10 5 5 10 0 0 0 0 5 s
17 OF GESTATION

8267 FOUND DEAD ON DAY 9 6 15 7 6 13 7 6 0 13d 0 0
20 OF GESTATION

8268 FOUND DEAD ON DAY 6 4 10 6 4 10 6 3 0 9d 0
17 OF GESTATION

0269 ABORTED ON DAY 19 7 3 10 5 3 8 3 2 3e 8 0 0

OF GESTATION

8270 POUND DEAD ON DAY 5 2 7 5 1 6 4 1 0 Sd 1 0

16 OF GESTATION
------------------------------------------------------------------------------------------------------------------------

R = RIGHT L - LEFT T - TOTAL A - ABORTED

a. Dosage occurred on days 7 through 20 of gestation.

b. Conceptuses appeared normal for developmental ages.

C. Early resorption*, unless noted otherwise.

d. Unable to determine viability of conceptuses because of death of doe.

e. Dead fetuses.



PROTOCOL 418-012P: ORAL (STOMACH TUBE) DOSAGE-RANGE DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS

(SPONSOR*S STUDY NUMBER: T-6295.10)

TABLE 4 (PAGE 1); MATERNAL BODY WEIGHTS - SUMMARY

------------------------------------------------------------------------------------------------------------------------

DOSAGE GROUP I ii III IV

DOSAGE (MG/KG/DAY)a 0 IVEHICLE) 0.1 1 2.S

-------------------------------------------------------------------------------------------------------------------------

RABBITS TESTED N 5 5 5 5

PREGNANT N 5 4 4 5

14ATERNAL BODY WEIGHT (KG)

DAY 0 MEAN+S.D. 3.45 + 0.22 3.32 + 0.30 3.34 + 0.18 3.49 +

DAY 7 MEAN+S.D. 3.49 + 0.18 3.36 + 0.11 3.49 + 0.23 3.62 +

DAY 8 HEAN*S.D. 3.53 + 0.17 3.42 + 0.21 3.53 4 0.24 3.64 +

DAY 9 MEAN+S.D. 3.54 + 0.17 3.44 + 0.22 3.54 + 0.22 3.65 +

DAY 10 HEAN+S.D. 3.57 + 0.19 3.43 + 0.21 3.57 + 0.22 3.67 +

DAY 21 MEAN+S.D. 3.58 + 0.19 3.42 + 0.24 3.60 + 0.19 3.70 +

DAY 12 HEAN+S.D. 3.61 + 0.20 3.44 + 0.22 3.62 + 0.25 3.72 +

DAY 13 MEAN+S.D. 3.67 + 0.20 3.SO + 0.24 3.66 + 0.27 3.75 +

DAY 14 MEAN+S.D. 3.71 + 0.23 3.S3 + 0.25 3.71 + 0.28 3.74 +

DAY 15 MEAN+S.D. 3.70 + 0.20 3.56 + 0.29 3.74 + 0.28 3.77 +

DAY 16 MEAN+S.D. 3.73 + 0.20 3.60 + 0.31 3.76 + 0.28 3.74 +

DAY 17 MEAN+S.D. 3.75 + 0.22 3.62 + 0.28 3.78 + 0.30 3.73 +

DAY 18 MEAN+S.D. 3.77 + 0.22 3.62 + 0.28 3.81 + 0.28 3.75 +

DAY 19 MEAN+S.D. 3.80 + 0.22 3.66 + 0.28 3.83 + 0.30 3.72 +

DAY 20 MEAN+S.D. 3.81 + 0.21 3.69 + 0.28 3.84 + 0.28 3.72 +

DAY 21 MEA.N+S.D. 3.81 + 0.20 3.71 + 0.25 3.83 + 0.31 3.73 +

-------------------------------------------------------------------------------------------------------------------

DAY = DAY OF GESTATION

a. Dosage occurred on days 7 through 20 of gestation.



PROTOCOL 418-012P: ORAL (STOMACH TUBE) DOSAGE-RANGE DEVELOPMENTAL TOXICITY STUDY OF PPOS IN RABBITS

(SPONSOR'S STUDY NUMBER: T-6295.10)

TABLE 4 IPAGE 2): MATERNAL BODY WEIGHTS - SUMMARY

-------------------------------------------------------------------------------------------------------------------------

DOSAGE GROUP I ii III IV

DOSAGE (MG/KG/DAY)a 0 (VEHICLE) 0.1 1 2.5
-------------------------------------------------------------------------------------------------------------------------

RABBITS TESTED N 5 5 5 5

PREGNANT 5 4 4 5

MATERNAL BODY WEIGHT (KG)

DAY 22 MEAN+S.D. 3.84 + 0.21 3.72 + 0.26 3.87 + 0.29 3.74 +

DAY 23 14EAN+S.D. 3.86 + 0.19 3.74 + 0.26 3.92 + 0.27 3.79 +

DAY 24 HEAN+S.D. 3.87 + 0.20 3.76 + 0.23 3.95 + 0.27 3.81 +

DAY 25 HEAN+S.D. 3.89 + 0.21 3.77 + 0.20 4.01 + 0.28 3.84 +

DAY 26 MEAN+S.D. 3.87 + 0.23 3.76 + 0.20 3.97 + 0.30 3.83 +

DAY 27 HEAN+S.D. 3.91 + 0.23 3.76 + 0.18 4.00 + 0.29 3.88 +

DAY 28 HEAN+S.D. 3.93 + 0.24 3.74 + 0.14 4.03 + 0.30 3.90 +

DAY 29 MEAN+S.D. 3.96 + 0.22 3.75 + 0.16 4.06 + 0.32 3.93 +

-------- ----------------------------------------------------------------------------------------------------------------

DAY - DAY OF GESTATION

a. Dosage occurred on days 7 through 20 of gestation.



PROTOCOI, 416-012P: ORAL, (STOMACH TUBE) DOSAGE-RANGE DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS
(SPONSOR'S STUDY NUMBER! T-6295.10)

TABLE 4 (PAGE 3): MATERNAL BODY WEIGHTS - SUMMARY

-------------------------------------------------------------------------------------------------------------------------

DOSAGE GROUP v vi Vil
DOSAGE (MG/KG/DAY)a 5 10 20
-------------------------------------------------------------------------------------------------------------------------

RABBITS TESTED N 5 5 5

PREGNANT N 4 4 s

MATERNAL BODY WEIGHT (KG)

DAY 0 HEAN+S.D. 3.36 + 0.40 3.28 + 0.41 3.40 + 0.18

DAY 7 MEAN+S.D. 3.44 + 0.33 3.45 + 0.39 3.54 + 0.22

DAY 8 MEAN+S.D. 3.45 + 0.35 3.48 + 0.36 3.S3 + 0.27

DAY 9 HEAN+S.D. 3.49 + 0.36 3.47 + 0.42 3.44 + 0.25

DAY 20 HEAN+S.D. 3.47 + 0.39 3.38 + 0.42 3.34 + 0.24

DAY 11 MEAN+S.D. 3.49 + 0.37 3.28 + 0.39 3.27 + 0.24

DAY 12 MEAN+S.D. 3.44 + 0.37 3.19 + 0.40 3.20 + 0.24

DAY 13 HEAN+S.D. 3.44 + 0.39 3.16 + 0.43 3.15 + 0.24

DAY 14 MEAN+S.D. 3.35 + 0.38 3.10 + 0.42 3.10 + 0.25

DAY 15 MEAN+S.D. 3.28 + 0.37 3,06 + 0.42 3.04 + 0.26

DAY 16 MEAN+S.D. 3.25 + 0.36 3.04 + 0.39 3.06 + 0.16

[ 4)b

DAY 17 MEAN+S.D. 3.20 + 0.35 3.00 + 0.38 3.03 + 0.15

( 3]b

DAY 18 HEAN+S.D. 3.20 + 0.35 2.96 + 0.44 2.99 + 0.18

I ilb

DAY 19 MEAN+S.D. 3.16 + 0.34 2.92 + 0.42 2.79 + 0.00

( ilb

DAY 20 MEAN+S.D. 3.12 + 0.35 2.90 + 0.44 b

DAY 21 MEAN+S.D. 3.10 + 0.38 2.87 + 0.43
------------------------------------------------------------------------------------------------------------------------

DAY - DAY OF GESTATION
I I = NUMBER OF VALUES AVERAGED

a. Dosage occurred on days 7 through 20 of gestation.

b. Excludes values for rabbits that died or aborted.



PROTOCOL 418-012P: ORAL (STOMACH TUBE) DOSAGE-RANGE DEVELOPMENTAL TOXICITY STUDY OF PPOS IN RABBITS

(SPONSOR'S STUDY NUMBER; T-6295.10)

TABLE 4 (PAGE 4); MATERNAL BODY WEIGHTS - SUMMARY

---------------------------------------------------------------------------------------------------------------------------

DOSAGE GROUP v vi vii

DOSAGE IMG/KG/DAY)a 5 10 20
---------------------------------------------------------------------------------------------------------------------------

RABBITS TESTED u 5 5 5

PREGNANT N 4 4 5

INCLUDED IN ANALYSES u 3b 3b Ob

MATERNAL BODY WEIGHT (KG)

DAY 22 MEAN+S.D. 3.17 + 0.48 2.05 + 0.52

DAY 23 MEM+S.D. 3.40 + 0.66 2.78 + 0.71

i 2)b ( 2)b

DAY 24 HEAN+S.D. 3.47 + 0.66 2.74 + 0.70

( 2)b I 2]b

DAY 2S MEAN+S.D. 3.52 + 0.60 3.20 + 0.00

( 2]b ( Ilb

DAY 26 MEAN+S.D. 3.50 + 0.59 3.03 + 0.00

I 2]b I lib

DAY 27 HEAN+S.D. 3.58 + 0.56 b

( 2)b

DAY 28 MEAN+S.D. 3.56 + 0.64

[ 2)b

DAY 29 HEAN+S.D. 3.58 + 0.66

1 2)b
--------------------------------------------------------------------------------------------------------------------------

DAY = DAY OF GESTATION

I I = NUMBER OF VALUES AVERAGED

a. Dosage occurred on days 7 through 20 of gestation.

b. Excludes values for rabbits that died or aborted.



PROTOCOL 418-012P: ORAL (STOMACH TUBE) DOSAGE-RANGE DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS

(SPONSOR'S STUDY NUMBER: T-6295.10)

TABLE 5 (PAGE 1): MATERNAL BODY WEIGHT CHANGES - SUMMARY

------------------------------------------------------------------------------------------------------------------------

DOSAGE GROUP 1 11 111 IV

DOSAGE (MG/KG/DAY)a 0 (VEHICLE) 0.1 1 2.5
------------------------------------------------------------------------------------------------------------------------

RABBITS TESTED N 5 5 5 5

PREGNANT N 5 4 4 5

MATERNAL BODY

WEIGHT CHANGE (KG)

DAYS 0 - 7 MEAN+S.D. +0.04 + 0.09 +0.04 + 0.14 *0.14 + 0.10 +0.13 +

DAYS 7 - 10 HEAN+S.D. +0.09 + 0.04 +0.07 + 0.05 +0.08 + 0.02 +0.05 +

DAYS 10 - 13 MEAN+S.D. +0.10 + 0.04 +0.06 + 0.05 +0.10 + 0.05 +0.08 +

DAYS 13 - 16 HEAN+S.D. +0.05 + 0.01 +0.10 + 0.08 +0.09 + 0.06 -0.01 +

DAYS 26 - 19 HEAN+S.D. +0.07 + 0.02 +0.07 + 0.04 +0.08 + 0.05 -0.02 +

DAYS 19 - 21 HEAN+S.D. +0.01 + 0.04 +0.04 + 0.03 +0.00 + 0.05 +0.01 +

DAYS 21 - 25 HEAH+S.D. +0.09 + 0.06 +0.07 + 0.08 +0.18 + 0.05 +0.12 +

DAYS 25 - 29 MEAN+S.D. +0.06 + 0.04 -0.02 + 0.12 +0.06 + 0.09 +0.09 +

DAYS 7 - 21 HEAN+S.D. +0.32 + 0.04 +0.34 + 0.10 +0.34 + 0.09 +0.11 +

DAYS 21 29 MEAN+S.D. +0.15 + 0.08 +0.04 + 0.16 +0.23 + 0.09 +0.20 +

DAYS 7 29 MEAN+S.D. +0.47 + 0.11 +0.38 + 0.07 +O.S7 + 0.12 +0.31 +

DAYS 0 29 MEAN+S.D. +0.51 + 0.18 +0.43 + 0.21 +0.72 + 0.20 +0.44 +

------- -----------------------7----------------------------------------------------------------------------------------

DAYS = DAYS OF GESTATION

a. Dosage occurred on days 7 through 20 of gestation.



PROTOCOL 418-012P: ORAL (STOMACH TUBE) DOSAGE-RANGE DEVELOPMENTAL TOXICITY STUDY OF Ppos IN RABBITS

(SPONSOR'S STUDY NUMBER: T-6295.10)

TABLE 5 (PAGE 2): MATERNAL BODY WEIGHT CHANGES - SUMMARY

---------------------- ---------------------------- ---------------------------------------------------------------------

DOSAGE GROUP v vi vii

DOSAGE (MG/KG/DAY)a 5 10 20
-------------------------------------------------------------------------------------------------------------------------

RABBITS TESTED N 5 5 5

PREGNANT N 4 4 5

MATERNAL BODY

WRIGHT CHANGE (KG)

DAYS 0 - 7 HEAN+S.D. +0.08 + 0.08 +0.17 + 0.11 +0.15 + 0.10

DAYS 7 - 10 HEAN+S.D. +0.02 + 0.10 -0.08 + 0.05 -0.20 + 0.11

DAYS 10 - 13 HEAN+S.D. -0.03 + 0.04 -0.22 + 0.02 -0.20 + 0.08

DAYS 13 - 16 HEAN+S.D. -0.19 + 0.04 -0.12 + 0.06 -0.18 + 0.02

I ilb

DAYS 16 - 19 MEM+S.D. -0.00 + 0.07 -0.12 + 0.03 -0.21 + 0.00

I lib

DAYS 19 - 21 HEAN+S.D. -0.06 + 0.06 -0.05 + 0.02 b

DAYS 21 - 25 HEAN+S.D. +0.29 + 0.01 -0.16 + 0.00

I 2]b lib

DAYS 25 - 29 HEAN+S.D. +0.05 + 0.06 b

I 2)b

DAYS 7 - 21 MEAN+S.D. -0.34 + 0.09 -0.58 + 0.06

DAYS 21 - 29 HEAN+S.D. +0.35 + 0.04 b

( 2]b

DAYS 7 - 29 MEAN+S.D. +0.06 + 0.11

I 2)b

DAYS 0 - 29 HEAN+S.D. +0.10 + 0.01

I 2)b
-----------------------------------------------------------------------------------------------------------------

DAYS - DAYS OF GESTATION

I I - NUMBER OF VALUES AVERAGED

a. Dosage occurred on days 7 through 20 of gestation.

b. Excludes values for rabbits that died or aborted.



PROTOCOL 418-012P: ORAL (STOMACH TUBE) DOSAGE-RANGE DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS

(SPONSOR'S STUDY NUMBER: T-6295.10)

TABLE 6 (PAGE 1): MATERNAL ABSOLUTE FEED CONSUMPTION VALUES (G/DAY) . SUMMARY

--------------------- -----------------------------------------------------------------------------------------------

DOSAGE GROUP I ir III IV

DOSAGE (MG/KG/DAY)a 0 (VEHICLE) 0.1 1 2.5
----------------- --------------------------------------------------------------------------------------------------------

RABBITS TESTED N 5 5 5 5

PREGNANT N 5 4 4 5

MATERNAL FEED

CONSUMPTION (G/DAY)

DAYS 7 - 10 MEAN+S.D. 181.0 + 3.2 163.2 + 21.9 181.8 + 1.3 181.4 +

DAYS 10 - 13 MEM+S.D. 172.5 + 22.9 144.2 + 41.6 169.5 + 21.3 162.8 + 3

DAYS 23 - 16 HEAN+S.D. 167.6 + 32.4 152.1 + 51.5 173.9 + 14.0 135.3 + 7

( 3]b

DAYS 16 - 19 HEAN+S.D. 176.4 + 12.0 178.8 + 8.4 175.3 + 11.8 122.0 + 6

DAYS 19 - 21 MEM+S.D. 172.3 + 17.5 182.5 + 1.8 181.0 + 4.1 114.4 + 8

DAYS 21 - 25 MEAN+S.D. 153.6 + 40.4 158.0 + 37.2 169.6 + 10.8 125.0 + 5

DAYS 25 - 29 MFAN+S.D. 130.9 + 37.1 89.0 + 56.2 144.2 + 35.8 143.2 + 2

DAYS 7 - 21 MEAN+S.D. 174.1 + 17.5 163.0 + 23.6 176.0 + 10.8 145.2 + 4

DAYS 21 - 29 MEAN+S.D. 146.2 + 37.4 121.7 + 45.1 156.9 + 23.0 134.1 + 3

DAYS 7 - 29 MEAN+S.D. 164.0 + 22.0 148.4 + 10.6 169.0 + 13.9 141.2 + 4
------------------------------:-------------------7 ---------------------------------------------7 ------------------------

DAYS = DAYS OF GESTATION

a. Dosage occurred on days 7 through 20 of gestation.

b. Excludes a value that was associated with spillage.



PROTOCOL 418-012P: ORAL (STOMACH TUBE) DOSAGE-RANGE DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS

(SPONSOR'S STUDY NUMBER: T-6295.10)

TABLE 6 (PAGE 2); MATERNAL ABSOLUTE FEED CONSUMPTION VALUES (G/DAY) - SUMMARY

---------------- ----------------------------------------------------------------------------------------------------------

DOSAGE GROUP v vi Vil

DOSAGE (MG/KG/DAY)a 5 10 20
--------------------------------------------------------------------------------------------------------------------------

RABBITS TESTED N 5 5 5

PREGNANT N 4 4 5

MATERNAL PEED

CONSUMPTION (G/DAY)

DAYS 7 - 10 MEAN+S.D. 168.4 + 25.3 111.8 + 42.6 46.2 + 24.0

DAYS 10 - 13 HEAN+S.D. 88.4 + 37.4 3.3 + 3.6 0.7 + 0.4

DAYS 13 - 16 MEAN+S.D. 3.7 + 5.7 0.7 + 0.5 1.2 + 0.2

( 4]b

DAYS 16 - 19 MEAN+S.D. 11.2 + 11.3 1.2 + 0.9 0.7 + 0.0

I lib

DAYS 19 - 21 MEAN+S.D. 27.8 + 27.9 0.4 + 0.8 b

DAYS 21 - 25 MEAN+S.D. 135.2 + 50.1 1.8 + 0.0

I ilb -11b

DAYS 25 - 29 HEAN+S.D. 182.6 + 1.6 b

( 2]b

DAYS 7 - 21 HEAN+S.D. 60.8 + 17.6 25.1 + 9.3

DAYS 21 - 29 MEAN+S.D. 158.9 + 25.9 b

I 2]b

DAYS 7 - 29 MEAN+S.D. 103.2 + 21.7

1 2]b
-------------------------------------------------------------------------------------------------------------------------

DAYS = DAYS OF GESTATION

I I - NUMBER OF VALUES AVERAGED

a. Dosage occurred on days 7 through 20 of gestation.

b. Excludes values for rabbits that died or aborted.



PROTOCOL 418-012P: ORAL ISTOMACH TUBE) DOSAGE-RANGE DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS

(SPONSOR'S STUDY NUMBER: T-6295.10)

TABLE 7 (PAGE 1): MATERNAL RELATIVE FEED CONSUMPTION VALUES (G/KG/DAY) - SUM14ARY

------------------------------------------------------------------------------------------------------------------------

DOSAGE GROUP 1 11 111 TV
DOSAGE (t4G/KG/DAY)a 0 (VEHICLE) 0.1 1 2.5
-------------------------------------------------------------------------------------------------------------------------

RABBITS TESTED N 5 5 s 5

PREGNANT N 5 4 4 5

14ATERNAL FEED

CONSUMPTION (G/KG/DAY)

DAYS 7 10 MEAN+S.D. 51.3 + 2.0 47.0 + 6.0 51.6 + 3.2 50.2 +

DAYS 10 13 HEAN+S.D. 47.7 + 4.8 41.6 + 11.0 46.8 + 3.2 43.9 +

DAYS 13 16 MEAM+S.D. 45.0 + 7.2 42.8 + 12.0 46.8 + 0.7 35.8 +
I 3]b

DAYS 16 19 HEAN+S.D. 46.9 + 1.7 49.4 + 1.8 46.2 + 0.5 32.4 +

DAYS 19 - 21 MEAN+S.D. 45.3 + 3.2 49.6 + 3.2 47.4 + 2.8 30.4 +

DAYS 21 - 25 HEAN+S.D. 39.8 + 9.8 42.7 + 11.4 43.4 + 3.4 33.3 +

DAYS 25 - 29 HEAN+S.D. 35.4 + 9.1 24.0 + 15.6 35.7 + 7.2 36.8 +

DAYS 7 - 21 HEAN+S.D. 47.4 + 3.2 46.0 + 5.0 47.8 + 0.5 39.2 +

DAYS 21 - 29 MEAN+S.D. 37.6 + 9.1 32.9 + 13.1 39.6 + 4.4 35.1 +

DAYS 7 - 29 MEAN+S.D. 43.7 + 4.9 41.3 + 3.8 44.6 + 1.7 37.6 +
-------------------------------------------------------------------------------------------------------------------------

DAYS - DAYS OF GESTATION

I I - NUMBER OF VALUES AVERAGED

a. Dosage occurred on days 7 through 20 of gestation.

b. Excludes a value that was associated with spillage.



PROTOCOL 418-012P: ORAL (STOMACH TUBE) DOSAGE-RANGE DEVELOPMENTAL TOXICITY STUDY OF PPOS IN RABBITS

(SPONSOR'S STUDY NUMBER: T-6295.10)

TABLE 7 (PAGE 2); MATERNAL RELATIVE FEED CONSUMPTION VALUES (G/KG/DAY) - SUMMARY

-------------------- ---------- -----------------------------------------------------------------------------------------

DOSAGE GROUP v vi vii

DOSAGE (MG/KG/DAY)a 5 10 20

-------------------------------------------------------------------------------------------------------------------------

RABBITS TESTED N 5 5 5

PREGNANT u 4 4 5

14ATERNAL FEED

CONSUMPTION (G/KG/DAY)

DAYS 7 10 MEM+S.D. 48.9 + 8.3 31.7 + 9.9 13.1 + 6.0

DAYS 10 13 HEAN+S.D. 25.0 + 7.5 1.0 + 1.1 0.2 + 0.1

DAYS 13 16 HEAN+S,D. 1.0 + 1.5 0.2 + 0.2 0.4 + 0.0

( 4]b

DAYS 16 19 HEAN+S.D. 3.5 + 3.6 0.4 + 0.4 0.2 + 0.0

I llb

DAYS 19 - 21 MEAN+S.D. 5.0 + 7.5 0.1 + 0.2 b

DAYS 21 - 25 MEM+S. D. 39.3 + 7.5 0.5 + 0.0

I 21b llb

DAYS 2S - 29 HEAN+S.D. 52.2 + 8.6 b

( 2)b

DAYS 7 - 21 MEM+S.D. 18.1 + 3.6 7.8 + 2.2

DAYS 21 - 29 MEAN+S.D. 46.0 + 0.8 b

I 2)b

DAYS 7 - 29 HEAN+S.D. 29.8 + 1.1

I 2]b
-------------------------------------------------------------------------------------------------------------------------

DAYS - DAYS OF GESTATION

( I - NUMBER OF VALUES AVERAGED
a. Dosage occurred on days 7 through 20 of gestation.

b. Excludes values for rabbits that died or aborted.



PROTOCOL 418-012P: ORAL (STOMACH TUBE) DOSAGE-RANGE DEVELOPMENTAL TOXICITY STUDY OF PPOS IN RABBITS

(SPONSOR'S STUDY NUMBER: T-6295.10)

TABLE 8 (PAGE 1): CAESAREAN-SECTIONING OBSERVATIONS - SUMMARY

-----------------------------------------------------------------------------I ---------------------------------------------

DOSAGE GROUP 1 11 111 IV
DOSAGE (MG/KG/DAY)a 0 (VEHICLE) 0.1 1 2.5
--------------------------------------------------------------------------------------------------------------------------

RABBITS TESTED N 5 5 5 5

PREGNANT N(%) S(IOD-0) 4( 80.0) 4( 80.0) 5(100.0

FOUND DEAD N(t) 0( 0.0) 0( 0.0) 0( 0.0) o( o.0

ABORTED N(t) 0( 0-0) 0( 0.0) 0( 0.0) 0( 0.0

RABBITS PREGNANT AND

CAESAREAN-SECTIONED

ON DAY 29 OF GESTATION N 5 4 4 5

CORPORA LUTFA MEAN+S.D. 10.2 + 1.6 11.8 + 2.9 10.0 + 0.8 11.0 +

IMPLANTATIONS MEAN+S.D. 8.8 * 1.6 9.5 + 1.7 8.5 + 1.3 0.8 +

LITTER SIZES MEAN+S.D. 8.4 + 1.1 9.2 + 1.5 8.5 + 1.3 8.4 +

LIVE FETUSES N 42 37 34 42

HEAN+S.D. 8.4 + 1.1 9.2 + 1.5 8.5 + 1.3 8.4 +

DEAD FETUSES N 0 0 0 0

RESORPTIONS MEAN+S.D. 0.4 + 0.5 0.2 + 0.5 0.0 + 0.0 0.4 +

EARLY RESORPTIONS N 0 0 0 1

MEAN+S.D. 0.0 + 0.0 0.0 + 0.0 0.0 + 0.0 0.2 +

LATE RESORPTIONS N 2 1 0 1

MEAN+S.D. 0.4 + 0.5 0.2 + O.S 0.0 + 0.0 0.2 +

DOES WITH ANY RESORPTIONS N(t) 2( 40-0) 1( 25.0) 0( 0.0) 2( 40.

DOES WITH ALL CONCEPTUSES

RESORBED N 0 0 0 0

DOES WITH VIABLE FETUSES N(t) 5(100.0) 4(100.0) 4(100.0) 5(100.

PLACENTAE APPEARED NORMAL N(t) 5(100.0) 4(100.0) 4(100.0) 5(100.
------------------------------------------------------------------------------------------------------------------------

a. Dosage occurred on days 7 through 20 of gestation.



PROTOCOL 418-012P: ORAL ISTOMACH TUBE) DOSAGE-RANGE DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS

(SPONSOR'S STUDY NUMBER: T-6295.10)

TABLE 8 (PACE 2): CAESAREAN SECTIONING OBSERVATIONS - SUMMARY

------------------------------- ------------------------------------------- --------------------------------------

DOSAGE GROUP v vi vil

DOSAGE ING/KG/DAY)a 5 10 20
--------------------------------------------------------------------------------------------------------------------------

RABBITS TESTED N 5 5 5

PREGNANT N(%) 4( 80.0) 4( 80.0) 5(100.0)

FOUND DEAD N(%) 0( 0.0) 0( 0.0) 4( 80.0)

ABORTED N(%) 2( 50.0) 4(100.0) 1( 20.0)

RABBITS PREGNANT AND

CAESAREAN-SECTIONED

ON DAY 29 OF GESTATION m 2 0 0

CORPORA LUTER HEAN+S.D. 10.5 + 0.7

IMPLANTATIONS MEAN+S.D. 9.5 + 0.7

LITTER SIZES MEAN+S.D. 5.5 + 2.1

LIVE FETUSES N 11
MEAN+S.D. 5.5 + 2.1

DEAD FETUSES N 0

RESORPTIONS HEAN+S.D. 4.0 + 1.4

EARLY RESORPTIOtiS N 5

MEAN+S.D. 2.5 + 3.5

LATE RESORPTIONS N 3

MEAN+S.D. 1.5 + 2.1

DOES WITH ANY RESORPTIONS N(%) 2(100.0)

DOES WITH ALL CONCEPTUSES

RESORDED N 0

DOES WITH VIABLE FETUSES N (%) 2(100.0)

PLACENTAE APPEARED NORMAL N(%) 2(100.0)
------------------------------------------------------------------------------------- - ---------------------- -- --

a. Dosage occurred on days 7 through 20 of gestation.



PROTOCOL 418-012P: ORAL (STOMACH TUBE) DOSAGE-RANGE DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS

(SPONSOR'S STUDY NUMBER: T-629S.10)

TABLE 9 (PAGE 1): LITTER OBSERVATIONS (CAESAREAN-DELIVERED FETUSES) - SUMMARY

---------------------------------------------------------------------------------------------------------------------

DOSAGE GROUP I ii rri IV
DOSAGE (NO/KG/DAY)a 0 (VEHICLE) 0.1 1 2.5
--------------------------------------------------------------------------------------------------------------------------

LITTERS WITH ONE OR

MORE LIVE FETUSES N 5 4 4 5

IMPLANTATIONS MEAN+S.D. 8.8 + 1.6 9.5 + 1.7 8.5 + 1.3 8.8 +

LIVE FETUSES N 42 37 34 42

HEAN+S.D. 8.4 + 1.1 9.2 + 1.5 8.5 + 1.3 8.4 +

LIVE MALE FETUSES N 23 14 13 20

t LIVE KALE

FETUSES/LITTER MEAN+S.D. 53.9 + 9.4 37.2 + 5.7 38.0 + 8.9 48.5 +

LIVE FETAL BODY WEIGHTS

(GRA?48)/LITTER MZAN+S.D. 43.77 + 5.95 40.76 + 7.53 44.05 + 2.70 38.18 +

14ALE FETUSES MEAN+S.D. 44.06 + 5.55 41.31 + 7.46 45.67 + 2.75 39.44 +

FEMALE FETUSES MEAN+S.D. 43.37 + 7.09 40.40 + 7.66 42.02 + 3.12 38.04 +

t RESORBED

CONCEPTUSES/LlrrER MEAN+S.D. 3.8 + 5.2 2.3 + 4.6 0.0 + 0.0 3.6 +

--------------------------------7 ----------------------------------------------------------------------------------------

a. Dosage occurred on days 7 through 20 of gestation.



PROTOCOL 418-012P: ORAL (STOMACH TUBE) DOSAGE-RANGE DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS

(SPONSOR'S STUDY NUMBER: T-6295.10)

TABLE 9 IPAGE 2): I.ITTER OBSERVATIONS (CAESAREAN-DELIVERED FETUSES) - SUMMARY

----------------------------- ----------------------------------------------- --- --------------------- --- ---------

DOSAGE GROUP v vi vii

DOSAGE (MG/KG/DAY)a 5 10 20
--------------------------------- ----------------------- --------------------------------------------------------------

LITTERS WITH ONE OR

MORE IIVE FETUSES @N 2 0 0

IMPLANTATIONS MEAN+S.D. 9.5 + 0.7

LIVE FETUSES N 11

MEAN4S.D. 5.5 + 2.1

LIVE MALE FETUSES N 5

t LIVE MAIE

FETUSES/LITTER MEAN+S.D. 46.4 + 5.1

LIVE PETAL BODY WEIGHTS

(GRAMS)/LITTER HEAN+S.D. 26.05 + 5.40

MALE FETUSES MEAN+S.D. 28.52 + 11.60

FE14ALE FETUSES MEAN+S.D. 23.35 + 0.47

t RESORBED

CONCEPTUSES/bITTER MEAN+S.D. 42.8 + 18.1
------------------------------------------------------------------------------------------------------------------------

a. Dosage occurred on days 7 through 20 of gestation.



PROTOCOL 418-012P: OPAL (STOMACH TUBE) DOSAGE-RANGE DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS

(SPONSOR'S STUDY NUMBER: T-6295.10)

TABLE 10 (PAGE 1): PETAL GROSS EXTERNAL ALTERATIONS - SUMMARY

------------------------------------------------------------------------------------------------ -------------- ---------

DOSAGE GROUP I ii III IV

DOSAGE (MG/KG/DAY)a 0 (VEHICLE) 0.1 1 2.5
-------------------------------------------------------------------------------------------------------------------------

LITTERS EVALUATED N 5 4 4 5

FETUSES EVALUATED N 42 37 34 42

LIVE N 42 37 34 42
-------------------------------------------------------------------------------------------------------------------------

SNOUT: CLEFT

LITTER INCIDENCE N(ft) 0( 0.0) 0( 0.0) 0( 0.0) 1( 20

PETAL INCIDENCE N(t) 0( 0.0) 0( 0.0) 0( 0.0) 1( 2

INCISORS: ABSENT

LITTER INCIDENCE N(t) 0( 0.0) 0( 0.0) 0( 0.0) It 20

PETAL INCIDENCE H(t) 0( 0.0) 0( 0.0) 0( 0.0) 1( 2

SNOUT: SHORT

LITTER INCIDENCE N(t) 0( 0.0) 1( 25.0) 0( 0.0) 0( 0

PETAL INCIDENCE u(t) 0( 0-0) 14 2.7)c 0( 0.0) 0( 0

NARES: DISPLACED

LITTER INCIDENCE N(l) 0( 0.0) 1( 25.0) 0( 0-0) 0( 0

PETAL INCIDENCE H(t) 0( 0.0) 1( 2.7)c 0( 0.0) 0( 0

MARES: S14ALL

LITTER INCIDENCE N(t) 0( 0.0) 1( 25.0) 0( 0.0) 0( 0

PETAL INCIDENCE N(t) 0( 0.0) 1( 2.7)c 0( 0.0) 0(

BODY: ABDOMINAL DISTENTION

LITTER INCIDENCE N(t) 0( 0.0) 1( 25.0) of 0.0) 0(

PETAL INCIDENCE N(t) 0( 0.0) 1( 2.7) 0( 0.0) 0(

------------------------------------------------------------------------------------------------------------------------

a. Dosage occurred on days 7 through 20 of gestation.

b. Fetus 6251-10 had other gross external alterations.

C. Fetus 8243-8 had other gross external alterations.



PROTOCOL 418-012P: ORAL (STOMACH TUBE) DOSAGE-RANGE DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS

(SPONSOR'S STUDY NUMBER; T-6295.10)

TABLE 10 (PAGE 2)! FETAL GROSS EXTERNAL ALTERATIONS - SUMMARY

---------------------------------------------------------------- -------------------------------------------------------

DOSAGE GROUP v vi vii

DOSAGE (MG/KG/DAY)a 5 10 20

-------------------------------------------------------------------------------------------------------------------------

LITTERS EVALUATED N 2 0 0

FETUSES EVALUATED N 11 0 0

LIVE N 11 0 0
-------------------------------------------------------------------------------------------------------------------------

SHOUT: CLEFT

LITTER INCIDENCE N(96) 0( 0.0)

FETAL INCIDENCE "(1) 0( 0-0)

INCISORS: ABSENT

LITTER INCIDENCE H(t) 0( 0.0)

FETAL INCIDENCE "(1) 0( 0.0)

SNOUT: SHORT

LITTER INCIDENCE N(t) 0( 0.0)

FETAL INCIDENCE u(t) o( o.o)

NARES: DISPLACED

LITTER INCIDENCE N(t) 0( 0.0)

FETAL INCIDENCE N(ri) 0( 0.0)

MARES: SMALL

LITTER INCIDENCE N(t) 0( 0.0)

FETAL INCIDENCE N(%) 0( 0.0)

BODY: ABDOMINAL DISTENTION

LITTER INCIDENCE N(t) 0( 0-0)

FETAL INCIDENCE N(t) o( o.o)
-- -- -- --- -- --- -- -- --- -- -- --- -- ---- -- --- -- -- ---- - --- -- -- --- -- --- -- --- --- ---- --- --- --- - ---- -- ---- -- -- --- -- -- ---- -- ---- --- --

a. Dosage occurred on days 7 through 20 of gestation.



PROTOCOL 418-022P: ORAL ISTOMACH TUBE) DOSAGE RANGE DEVELOPMENTAL TOXICITY STUDY OF PPOS IN RABBITS

(SPONSOR'S STUDY NTJMBER: T-6295.10)

TABLE 11 (PAGE 1): CLINICAL OBSERVATIONS - INDIVIDUAL DATA

----------------------------------------------I -------------------------- -------------------------- --------------------

RABBIT # DESCRIPTION
------------------------------------------------------------------------- ----------------------------------------------

DOSAGE GROUP 1 0 (VEHICLE) MG/KG/DAY
------------------------------------------------------------------------------------------------------------------------

8236 DG( 17- 29) LOCALIZED ALA)PECIA: LIMBS a

8237 DG( 28- 29) LOCALIZED ALOPECIA: UNDERSIDE a

8238 NO ADVERSE FINDINGS

8239 NO ADVERSE FINDINGS

8240 NO ADVERSE FINDINGS
-------------------------------------------------------------------------------------------------------------------------

DOSAGE GROUP 11 0.1 MG/KG/DAY
------------------------------------------------------------------------------------------------------------------------

8241 DG( 28 ) SCANT FECES

DG( 28- 29) SOFT OR LIOUID FECES

6242 NO ADVERSE FINDINGS

8243 NO ADVERSE FINDINGS

8244 DG( 27- 29) LOCALIZED ALOPECIA: BACK a

8245 NO ADVERS19 FINDINGS
------------------------------------------------------------------------------------------------------------------------

DOSAGE GROUP 111 1 MG/KG/DAY
------------------------------------------------------------------------------------------------------------------------

8246 NO ADVERSE FINDINGS

8247 DG( 28- 29) LOCALIZED ALOPECIA: HEAD a

8248 NO ADVERSE FINDINGS

8249 NO ADVERSE FINDINGS

8250 NO ADVERSE FINDINGS
------------------------------------------------------------------------------------------------------------------------

DOSAGE GROUP IV 2.5 MG/KG/DAY
-----------------------------------------------------------------------------------------------------------------------

8251 NO ADVERSE FINDINGS

8252 NO ADVERSE FINDINGS

7650 NO ADVERSE FINDINGS

82S4 DG( 14 SCANT FECES

DG( 16- 22) SCANT FECES

DG( 18- 29) UNCROOMED COAT

8255 NO ADVERSE FINDINGS
--------------------------------------------------------------------------------------------------- --------------------

DG = DAY OF PRESUMED GESTATION

a. observation confirmed at necropsy.



PROTOCOL 418-012P: ORAL (STOMACH TUBE) DOSAGE-RANGE DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS

(SPONSOR'S STUDY NUMBER: T-6295.10)

TABLE 11 (PAGE 2): CLINICAL OBSERVATIONS - INDIVIDUAL DATA

---------------- ------------------------------------------------------------------------------------------------------

DOSAGE GROUP V 5 MG/KG/DAY
-----------------------------------------------------------------------------------------------------------------------

RABBIT DESCRIPTION
-----------------------------------------------------------------------------------------------------------------------

8256 DG( 14 ) SCANT FECES

DGI 16- 21) SCANT FECES

DO( 19- 29) LOCALIZED ALOPECIA: UNDERSIDE a

8257 DG( 13- 22) SCANT FECES

DG( 23 ) ABORTED AND SACRIFICED

8258 DG( 13- 27) SCANT FECES

DG( 25- 29) LOCALIZED ALOPECIA: UNDERSIDE

DG( 29 SCANT FECES

8259 DG( 14 SCANT FECES

DG( 16- 21) SCANT FECES

DO( 22 ) ABORTED AND SACRIFICED

8260 DG( 13- 17) SCANT FECES

Do( Is- 19) NO FECES

DG( 20- 24) SCANT FECES

DO( 23- 24) UNGROOMED COAT
-----------------------------------------------------------------------------------------------------------------------

DG = DAY OF PRESUMED GESTATION
a. observation coneirmed at necropsy.



PROTOCOL 418-012P: ORAL (STOMACH TUBE) DOSAGE-RANGE DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS

(SPONSOR'S STUDY NUMBER: T-6295.10)

TABLE 11 (PAGE 3): CLINICAL OBSERVATIONS - INDIVIDUAL DATA

--------------------------------------------------------------------------------------- - -----------------------------

DOSAGE GROUP VI 10 MG/KG/DAY
------------------------------------------------------------------------------------------------------------------------

RABBIT # DESCRIPTION
------------------------------------------------------------------------------------------------------------------------

8261 DG( 12 ) SCANT FECES

DG( 13- 15) NO FECES

DG( 16- 20) SCANT FECES

DG( 21- 22) NO FECES

DG( 23- 24) SCANT FECES

DO( 24- 26) UNGROOMED COAT

DG( 25- 26) NO FECES

DGI 26 ) ABORTED AND SACRIFICED

8262 DG( 7- 21) NOSE: KASS (0.3 CM IN DIAMETER)A

DG( 11- 12) SCANT FECES

DG( 13 ) NO FECES

DG( 14- 21) SCANT FECES

DG( 22 ABORTED AND SACRIFICED

8263 Do( 11 SCANT FECES

DO( 12- 13) NO FECES

DG( 14- 201 SCANT FECES

DG( 21- 23) NO FECES

DG( 24- 27) SCANT FECES

Dr.1 28- 29) NO FECES

8264 DG( 22 SCANT FECES

DG( 13 NO FECES

DG( 14- 15) SCANT FECES

DG( 16- 18) NO FECES

DG( 19- 20) SCANT FECES

DG( 21- 22) NO FECES

DG( 22 RED SUBSTANCE IN CAGE PAN

DG( 23 ABORTED AND SACRIFICED

8265 DG( 9- 20) SCANT FECES

DG( 21- 22) NO FECES

DG( 23- 24) SCANT FECES

DG( 25 RED SUBSTANCE IN CAGE PAN

DG( 25 ABORTED AND SACRIFICED
-------------------------------------------------------------------------------- -- -- ------------------------- - ---

DG = DAY OF PRESUMED GESTATION

a. observation confirmed at necropsy.



PROTOCOL 418-012P: ORAL (STOMACH TUBE) DOSAGE-RANGE DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS

(SPONSOR'S STUDY NUMBER: T-6295.10)

TABLE 11 (PAGE 4): CLINICAL OBSERVATIONS - INDIVIDUAL DATA

------------------------------------------------------------------------------------ ------------------------------------

DOSAGE GROUP VII 20 MG/KG/DAY
-------------------------------------------------------------------------------------------------------------------------

RABBIT # DESCRIPTION
-------------------------------------------------------------------------------------------------------------------------

8266 DG( 12- 15) SCANT FECES

DG( 16- 17) RED SUBSTANCE IN CAGE PAN

DG( 16- 27) RED PERIVAGINAL SUBSTANCE a

DG( 16- 17) UNGROOMED COAT

DG( 16- 17) NO FECES

DG( 17 EXCESS SALIVATION

DG( 17 FOUND DEAD

8267 DG( 9- 20) SCANT FECES

DG( 11- 25) NO FECES

DG( 26- 19) SCANT FECES

DGI 29 EXCESS SALIVATION

DG( 20 FOUND DEAD

8268 Do( 9- 25) SCANT FECES

DG( 12- 13) SOFT OR LIQUID FECES

DO( 16 TAN PERIVAGINAL SUBSTANCE a

DG( 16 NO FECES

DG( 27 FOUND DEAD

8269 DG( 11- 19) SCANT FECES

DO( 18- 19) EXCESS SALIVATION

DG( 19 ) RED SUBSTANCE IN CAGE PAN

DG( 19 ) ABORTED AND SACRIFICED

8270 DG( 9- 15) SCANT FECES

DG( 16 ) FOUND DEAD
--- ------------ -- ---------- -- ---- -- --- --- - ------------- ----- --- -- ---- --- -- --- --- -- ---- --- --- --- --- -- ---- -- --- -- --- --- ---

DO = DAY OF PRESUMED GESTATION

a. Oboervation confirmed at necropsy.



PROTOCOL 418-012P: ORAL (STOMACH TUBE) DOSAGE-RANGE DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS

(SPONSOR'S STUDY NUMBER: T-6295.10)

TABLE 12 (PAGE 1): NECROPSY OBSERVATIONS - INDIVIDUAL DATA

--------------------------------------------------------------------------------------------------------------------------

DOSAGE GROUP RABBIT DAY OF PREGNANCY DOSAGES

DOSAGE (MG/KG/DAY) NUMBER NECROPSY STATUS ADMINISTERED OBSERVATIONS a
--------------------------------------------------------------------------------------------------------------------------

0 (VEHICLE) 8236 DG 29 p 14 ALL TISSUES APPEARED NORMAL.
0237 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8238 DG 29 p 14 ALL TISSUES APPEARED NORMAL.
8239 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8240 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

0.1 8241 DG 29 p 14 ALL TISSUES APPEARED NORMAL.
8242 DG 29 NP 14 ALL TISSUES APPEARED NORMAL.

8243 DG 29 p 14 ALL TISSUES APPEARED NORMAL.
8244 DG 29 p 14 ALL TISSUES APPEARED NORMAL.
8245 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

III

2 8246 DG 29 NP 14 ALL TISSUES APPEARED NORMAL.
8247 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8240 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8249 DG 29 p 14 ALL TISSUES APPEARED NORMAL.
8250 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

IV

2.S 8251 DG 29 p 14 ALL TISSUES APPEARED NORMAL.
8252 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

7650 DG 29 p 14 ALL TISSUES APPEARED NORMAL.
8254 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8255 DG 29 p 14 ALL TISSUES APPEARED NORMAL.
--------------------------------------------------------------------------------------------------------------------------

P PREGNANT NP - NOT PREGNANT

DG DAY OF PRESUMED GESTATION

a. Refer to the individual clinical observations table (Table 11) for external observations confirmed at necropsy.



PROTOCOL 418-012P: ORAL (STOMACH TUBE) DOSAGE-RANGE DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS

(SPONSOR'S STUDY NUMBER: T-6295.10)

TABLE 12 (PAGE 2); NECROPSY OBSERVATIONS - INDIVIDUAL DATA

---------------------------------------- -------I ------------------ -------------------------- -------------------------

DOSAGE GROUP RABBIT DAY OF PREGNANCY DOSAGES

DOSAGE (MG/KG/DAY) NUMBER NECROPSY STATUS ADMINISTERED OBSERVATIONS a
-------------------------------------------------------------------------------------------------------------------------

v

5 8256 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

8257 DG 23 p 14 ABORTED ON DAY 23 OF GESTATION.

ALL TISSUES APPEARED NORMAL.

8258 DG 29 NP 14 ALL TISSUES APPEARED NORMAL.

8259 DG 22 p 14 ABORTED ON DAY 22 OF GESTATION.

ALL TISSUES APPEARED NORMAL.

8260 DG 29 p 14 ALL TISSUES APPEARED NORMAL.

vi

10 6261 DG 26 p 14 ABORTED ON DAY 26 OF GESTATION.

LIVER: MOTTLED RED AND TAN.

STOMACH: MUCOSAL SURFACE, NUMEROUS BLACK AREAS

(PINPOINT TO 0.2 CH IN DIAMETER).

ALL OTHER TISSUES APPEARED NORMAL.

8262 DG 22 p 14 ABORTED ON DAY 22 OF GESTATION.

EXTERNAL OBSERVATIONS: NOSE, MASS (1.0 CM X 1.

0.3 CH). CUT SURFACE REVEALED SMOOTH PINK MATEI

ALL OTHER TISSUES APPEARED NORMAL.

8263 DG 29 NP 14 ALL TISSUES APPEARED NORMAL.

8264 DG 23 p 14 ABORTED ON DAY 23 OF GESTATION.

ALL TISSUES APPEARED NORMAL.

8265 DG 2S p 14 ABORTED ON DAY 25 OF GESTATION.

ALL TISSUES APPEARED NORMAL.

---------------------------------------- - ------------------------------------------ ---- -

P PREGNANT NP = NOT PREGNANT

DG DAY OF PRESUMED GESTATION

a. Refer to the individual clinical observations table (Table 11) for external observations confirmed at necropsy.

b. Confirms a clinical observation.



PROTOCOL 418-012P: ORAL (STOMACH TUBE) DOSAGE-RMGE DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS

(SPONSOR'S STUDY NUMBER: T-6295.10)

TABLE 12 IPACE 3): NECROPSY OBSERVATIONS - INDIVIDUAL DATA

-------------- ----------------------------------------------------------------------------------------------------------

DOSAGE GROUP RABBIT DAY OF PREGNANCY DOSAGES
DOSAGE (MG/KG/DAY) NUMBER NECROPSY STATUS ADMINISTERED OBSERVATIONS a
-------------------------------------------------------------------------------------------------------------------------

vil

20 8266 DG 17 p 11 FOUND DEAD ON DAY 17 OF GESTATION (11 MINUTES A

DOSAGE).

ESOPHAGUS: WHITE FROTHY MATERIAL.

LUNGS: APPEARED INFLATED AND LEFT DIAPHRAGt4ATI

TEAR (2.0 CH IN LENGTH).

LIVER: LEFT LATERAL LOBE, TEAR (2.0 CM IN LENG

STOMACH: FUNDIC MUCOSA, TWO ERODED AREAS (I.S

AND 1.5 CH X 0.5 CH).

ALL OTHER TISSUES APPEARED NORMAL.

8267 DG 20 p 13 FOUND DEAD ON DAY 20 OF GESTATION (DEATH OCCURR

OVERNIGHT).

ALL TISSUES APPEMED NORMAL.

8268 DG 17 p 10 FOUND DEAD ON DAY 17 OF GESTATION (22 HOURS AND

27 MINUTES AFTER DOSAGE).

ABDOMINAL CAVITY: CLOUDY GREEN FLUID

(APPROXIMATELY 18 ML).

STOMACH: FRIABLE.

GALLBLADDER: RUPTURED.

ALL OTHER TISSUES APPEARED NORMAL.

8269 DG 19 p 13 ABORTED ON DAY 19 OF GESTATION.

EXTERNAL OBSERVATIONS: UNGROOMED COAT.

ALL OTHER TISSUES APPEARED NORMAL.

8270 DG 16 p 9 FOUND DEAD ON DAY 16 OF GESTATION (DEATH OCCURR

OVERNIGHT).

STOMACH: NON-GLANDULAR MUCOSA, RED AND DIFFUSE

ALL OTHER TISSUES APPEARED NORMAL.
---------------------------------------------------------------------------------------------------------------------- -

P PREGNANT NP a NOT PREGNANT

DG DAY OF PRESUMED GESTATION

a. Refer to the individual clinical observations table (Table 11) for external observations confirmed at necropsy.



PROTOCOL 41e-oi2p: ORAL (STOMACH TUBE) DOSAGE-RANGE DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS

ISPONSOR'S STUDY NUMBER: T-6295.10)

TABLE 13 (PAGE 1): MATERNAL BODY WEIGHTS - INDIVIDUAL DATA

-------------------------------------------------------------------------------------------------------------------------

PREGNANCY

STATUS DAY 0 7 a 9 10 11 12 13 14 15 16 17
-------------------------------------------------------------------------------------------------------------------------

RABBIT # DOSAGE GROUP 1 0 (VEHICLE) MG/KG/DAY
-------------------------------------------------------------------------------------------------------------------------

8236 P 3.76 3.64 3.71 3.74 3.75 3.74 3.74 3.60 3.86 3.82 3.86 3.67

8237 P 3.38 3.47 3.50 3.54 3.57 3.59 3.62 3.68 3.70 3.72 3.72 3.75

8238 P 3.44 3.49 3.47 3.48 3.50 3.53 3.51 3.61 3.63 3.62 3.66 3.71

8239 P 3.S2 3.64 3.67 3.66 3.76 3.76 3.84 3.91 3.99 3.94 3.96 4.01

8240 P 3.14 3.20 3.28 3.30 3.29 3.30 3.32 3.37 3.38 3.41 3.43 3.43
-------------------------------------------------------------------------------------------------------------------------

DAY 19 20 21 22 23 24 25 26 27 28 29
-------------------------------------------------------------------------------------------------------------------------

8236 P 3.93 3.94 3.98 4.01 3.97 3.95 3.98 3.96 4.00 4.01 4.04

8237 P 3.82 3.61 3.84 3.SS 3.91 3.96 3.90 4.00 4.01 4.03 4.OS

8238 P 3.74 3.78 3.75 3.80 3.82 3.78 3.83 3.77 3.74 3.83 3.84

8239 P 4.03 4.03 3.97 4.02 4.04 4.08 4.12 4.12 4.18 4.21 4.23

8240 P 3.46 3.48 3.SO 3.SO 3.S4 3.56 3.S6 3.S2 3.61 3.58 3.64
-------------------------------------------------------------------------------------------------------------------------

P - PREGNANT NP - NOT PREGNANT (VALUES EXCLUDED FROM AVERAGES)

DAY - DAY OF PRESUMED GESTATION

ALL WEIGHTS WERE RECORDED IN GRAMS (G), ROUNDED TO THREE SIGNIFICANT DIGITS AND REPORTED IN KILOGRAMS (KG).

ALL CALCULATIONS EXCEPT BODY WEIGHT AVERAGES ARE PERFORMED WITH THE UNROUNDED GRAN (G) VALUE.

BODY WEIGHT AVERAGES ARE CALCULATED WITH THE ROUNDED KILOGRAM (KG) VALUE.



PROTOCOL 418-012P: ORAL (STOMACH TUBE) DOSAGE-RANGE DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS

(SPONSOR'S STUDY NUMBER: T-6295.10)

TABLE 13 (PAGE 2): MATERNAL BODY WEIGHTS - INDIVIDUAL DATA

-------------------------------------------------- -------------------------------- ------------------------------------

PREGNANCY

STATUS DAY 0 7 a 9 10 11 12 13 14 15 16 17

------------------------------------------------------------------------------------------------------------------------

RABBIT I DOSAGE GROUP 11 0.1 MG/KG/DAY
------------------------------------------------------------------------------------------------------------------------

8241 P 3.68 3.53 3.62 3.62 3.66 3.70 3.71 3.75 3.77 3@85 3.89 3.8

6242 NP 3.36 3.49 3.60 3.56 3.57 3.64 3.62 3.68 3.70 3.71 3.81 3.7

8243 P 3.42 3.49 3.56 3.63 3.54 3.51 3.49 3.58 3.64 3.70 3.74 3.7

6244 P 3.20 3.27 3.30 3.32 3.35 3.34 3.39 3.47 3.53 3.53 3.58 3.6

824S P 2.98 3.17 3.18 3.19 3.18 3.13 3.19 3.18 3.19 3.17 3.17 3.2

------------------------------------------------------------------------------------------------------------------------

DAY 19 20 21 22 23 24 25 26 27 28 29
------------------------------------------------------------------------------------------------------------------------

8241 P 3.95 3.96 3.99 4.01 4.00 4.00 3.94 3.88 3.82 3.78 3.82

8242 UP 3.82 3.88 3.88 3.88 3.91 3.92 3.91 3.90 3.96 4.03 4.02

8243 P 3.78 3.04 3.79 3.78 3.86 3.85 3.88 3.90 3.92 3.90 3.94

0244 P 3.63 3.63 3.66 3.68 3.72 3.75 3.79 3.77 3.78 3.70 3.65

8245 P 3.30 3.33 3.40 3.39 3.40 3.45 3.48 3.47 3.50 3.56 3.59

-----------------------------------------------------------------------------------------------------------------------

P - PREGNANT NP - NOT PREGNANT (VALUES EXCLUDED FROM AVERAGES)

DAY = DAY OF PRESUMED GESTATION

ALL WEIGHTS WERE RECORDED IN GRAMS (G), ROUNDED TO THREE SIGNIFICANT DIGITS AND REPORTED IN KILOGRAMS (KG).

ALL CALCULATIONS EXCEPT BODY WEIGHT AVERAGES ARE PERFORMED WITH THE UNROUNDED GRAN (G) VALUE.

BODY WEIGHT AVERAGES ARE CALCULATED WITH THE ROUNDED KILOGRAM (KG) VALUE.



PROTOCOL 418-012P; ORAL (STOMACH TUBE) DOSAGE-RANGE DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS

(SPONSOR'S STUDY NUMBER: T-6295.10)

TABLE 13 IPAGE 3): MATERNAL BODY WEIGHTS - INDIVIDUAL DATA

-------------------------------------------------------------------------------------------------------------------------

PREGNANCY

STATUS DAY 0 7 a 9 10 11 12 13 14 15 16 17

-------------------------------------------------------------------------------------------------------------------------

RABBIT # DOSAGE GROUP III I MG/KG/DAY
-------------------------------------------------------------------------------------------------------------------------

8246 NP 3.57 3.63 3.76 3.76 3.79, 3.80 3.84 3.86 3.87 3.86 3.94 3.94

6247 P 3.29 3.57 3.63 3.62 3.65 3.63 3.74 3.76 3.79 3.80 3.82 3.88

8246 P 3.46 3.63 3.64 3.63 3.68 3.68 3.67 3.76 3.87 3.94 3.94 3.94

8249 P 3.52 3.61 3.69 3.69 3.71 3.75 3.81 3.87 3.68 3.90 3.92 3.96

8250 P 3.11 3.15 3.17 3.22 3.25 3.32 3.26 3.27 3.30 3.34 3.34 3.34

-------------------------------------------------------------------------------------------------------------------------

DAY 19 20 21 22 23 24 25 26 27 28 29
-------------------------------------------------------------------------------------------------------------------------

8246 NP 4.02 4.05 4.03 4.06 4.05 4.09 4.11 4.21 4.16 4.19 4.21

8247 P 3.93 3.94 3.90 3.93 3.96 3.98 4.03 4.01 4.06 4.12 4.16

0246 P 3.97 3.99 4.04 4.06 4.10 4.14 4.23 4.21 4.24 4.29 4.35

8249 P 4.04 4.00 4.02 4.05 4.09 4.12 4.17 4.11 4.22 4.12 4.13

8250 P 3.36 3.41 3.37 3.44 3.53 3.55 3.60 3.54 3.58 3.59 3.60

-------------------------------------------------------------------------------------------------------------------------

P - PREGNANT MP - NOT PREGNANT (VALUES EXCLUDED FROM AVERAGES)

DAY - DAY OF PRESUMED GESTATION
ALL WEIGHTS WERE RECORDED IN GRAMS (G). ROUNDED TO THREE SIGNIFICANT DIGITS AND REPORTED IN KILOGRAMS (KG).

ALL CALCULATIONS EXCEPT BODY WRIGHT AVERAGES ARE PERFORMED WITH THE UNROUNDED GRAN (G) VALUE.

BODY WEIGHT AVERAGES ARE CALCULATED WITH THE ROUNDED KILOGRAM (KG) VALUE.



PROTOCOL 418-012P: ORAL (STOMACH TUBE) DOSAGE-RANGE DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS

(SPONSOR'S STUDY NUMBER! T-6295.10)

TABLE 13 (PAGE 4): MATERNAL BODY WEIGHTS - INDIVIDUAL DATA

------------------------------------------------------------------------------------------------------------------------

PREGNANCY

STATUS DAY 0 7 a 9 10 11 12 13 14 15 16 17
------------------------------------------------------------------------------------------------------------------------

RABBIT I DOSAGE GROUP IV 2.5 MG/KG/DAY
------------------------------------------------------------------------------------------------------------------------

6251 P 3.62 3.80 3.80 3.81 3.86 3.88 3.94 4.01 4.05 4.08 4.11 4.0

8252 P 3.31 3.55 3.56 3.56 3.60 3.64 3.67 3.73 3.64 3.75 3.72 3.7

76SO P 4.05 4.12 4.18 4.18 4.16 4.20 4.23 4.31 4.29 4.30 4.27 4.2

6254 P 3.47 3.52 3.56 3.55 3.59 3.58 3.54 3.SO 3.46 3.39 3.33 3.2

025S P 3.00 3.12 3.12 3.14 3.14 3.20 3.23 3.20 3.2S 3.34 3.28 3.2
------------------------------------------------------------------------------------------------------------------------

DAY 19 20 21 22 23 24 25 26 27 28 29
------------------------------------------------------------------------------------------------------------------------

62SI P 4.13 4.19 4.20 4.24 4.27 4.29 4.32 4.31 4.34 4.40 4.41

8252 P 3.84 3.63 3.82 3.89 3.88 3.93 3.94 3.92 3.94 3.93 3.94

7650 p 4.16 4.14 4.11 4.08 4.09 4.07 4.14 4.15 4.21 4.26 4.28

82S4 P 3.17 3.13 3.19 3.16 3.30 3.37 3.40 3.40 3.46 3.47 3.48

825S P 3.29 3.29 3.33 3.35 3.35 3.40 3.41 3.39 3.47 3.42 3.54
------------------------------------------------------------------------------------------------------------------------

P - PREGNANT UP - NOT PREGNANT (VALUES EXCLUDED FROM AVERAGES)

DAY - DAY OF PRESUMED GESTATION

ALL WEIGHTS WERE RECORDED IN GRAMS (G), ROUNDED TO THREE SIGNIFICANT DIGITS AND REPORTED IN KILOGRAMS (KC).

ALL CALCULATIONS EXCEPT BODY WEIGHT AVERAGES ARE PERFORMED NM THE UNROUNDED GRAN (G) VALUE.

BODY WEIGHT AVERAGES ARE CALCULATED WITH THE ROUNDED KILOGRAM (KG) VALUE.



PROTOCOL 416-012P: ORAL (STOMACH TUBE) DOSAGE-RANGE DEVELOPMENTAL TOXICITY STUDY OF PPOS IN RABBITS

(SPONSOR'S STUDY NUMBER: T-6295.10)

TABLE 13 (PAGE 5): MATERNAL BODY WEIGHTS - INDIVIDUAL DATA

------------------------------------------------------------------------------------------------------------------------

PREGNANCY

STATUS DAY 0 7 a 9 10 11 12 13 14 is 16 17

-------------------------------------------------------------------------------------------------------------------------

RABBIT I DOSAGE GROUP V 5 MG/KG/DAY
-------------------------------------------------------------------------------------------------------------------------

6256 P 3.93 3.90 3.94 4.01 4.04 4.02 3.97 4.01 3.91 3.82 3.77 3.71

8257 P 3.27 3.44 3.40 3.40 3.34 3.33 3.30 3.25 3.23 3.14 3.12 3.15

62Se NP 3.40 3.44 3.50 3.48 3.46 3.43 3.42 3.3S 3.30 3.24 3.20 3.16

82S9 P 3.22 3.29 3.33 3.35 3.34 3.42 3.31 3.35 3.21 3.17 3.15 3.06

8260 P 3.02 3.14 3.12 3.19 3.15 3.18 3.12 3.14 3.05 2.97 2.95 2.90

-------------------------------------------------------------------------------------------------------------------------

DAY 19 20 21 22 23 24 25 26 27 20 29

-------------------------------------------------------------------------------------------------------------------------

02SG P 3.66 3.64 3.66 3.72 3.87 3.94 3.9S 3.92 3.98 4.01 4.04

8257 P 3.00 3.03 2.99 2.94 ABORTED ON DAY 23 OF GESTATION

8258 UP 3.12 2.98 2.93 2.88 2.83 2.80 2.76 2.69 2.69 2.67 2.62

8259 P 2.98 2.96 2.9S ABORTED ON DAY 22 OF GESTATION

8260 P 2.93 2.04 2.80 2.65 2.93 3.00 3.10 3.08 3.20 3.10 3.11
-------------------------------------------------------------------------------------------------------------------------

P - PREGNANT MP - NOT PREGNANT (VALUES EXCLUDED FROM AVERAGES)

DAY - DAY OF PRESUMED GESTATION
ALL WEIGHTS WERE RECORDED IN GRAMS (G), ROUNDED TO THREE SIGNIFICANT DIGITS AND REPORTED IN KILOGRAMS (KG).

ALL CALCULATIONS EXCEPT BODY WEIGHT AVERAGES ARE PERPORMED WITH THE UNROUNDED GRAM (G) VALUE.

BODY WEIGHT AVERAGES ARE CALCULATED WITH THE ROUNDED KILOGRAM (KG) VALUE.



PROTOCOL 418-012P: ORAL (STOMACH TUBE) DOSAGE-RANGE DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS

(SPONSOR'S STUDY NUMBER: T-6295.10)

TABLE 13 (PAGE 6); MATERNAL BODY WEIGHTS INDIVIDUAL DATA

-----------------------------------------------------------------------------------------------------------------------------

PREGNANCY

STATUS DAY 0 7 a 9 10 21 12 13 14 15 16 17

-----------------------------------------------------------------------------------------------------------------------------

RABBIT N DOSAGE GROUP VI . 10 MG/KG/DAY
-----------------------------------------------------------------------------------------------------------------------------

8261 p 3.77 3.94 3.92 3.95 3.07 3.73 3.64 3.68 3.60 3.54 3.48 3.44

6262 P 3.33 3.35 3.40 3.41 3.28 3.18 3.10 3.04 2.98 2.97 2.97 2.96

8263 UP 3.42 3.45 3.51 3.52 3.41 3.29 3.24 3.17 3.15 3.08 3.00 2.92

6264 P 3.26 3.52 3.60 3.57 3.SO 3.42 3.33 3.27 3.22 3.17 3.15 3.10

8265 P 2.77 3.00 3.02 2.94 2.86 2.91 2.69 2.64 2.59 2.54 2.54 2.51

-----------------------------------------------------------------------------------------------------------------------------

DAY 19 20 21 22 23 24 25 26 27 28 29

-----------------------------------------------------------------------------------------------------------------------------

8261 P 3.39 3.39 3.36 3.34 3.28 3.24 3.20 3.03 ABORTED ON DAY 26 OF GESTATION

8262 p 2.82 2.80 2.74 ABORTED ON DAY 22 OF GESTATION

6263 UP 2.91 2.68 2.03 2.77 2.73 2.68 2.64 2.56 2.57 2.56 2.53

0264 P 3.06 3.04 3.03 2.90 ABORTED ON DAY 23 OF GESTATION

6265 P 2.40 2.35 2.34 2.30 2.27 2.25 ABORTED ON DAY 25 OF GESTATION

-----------------------------------------------------------------------------------------------------------------------------

P - PREGNANT NP - NOT PREGNANT (VALUES EXCLUDED FROM AVERAGES)

DAY - DAY OF PRESUMED GESTATION
ALL WEIGHTS WERE RECORDED IN GRAMS (G), ROUNDED TO THREE SIGNIFICANT DIGITS AND REPORTED IN KILOGRAMS (KG).

ALL CALCULATIONS EXCEPT BODY WEIGHT AVERAGES ARE PERFORMED WITH THE TJNROUNDED GRAM (G) VALUE.

BODY WEIGHT AVERAGES ARE CALCULATED WITH THE ROUNDED KILOGRAM (KG) VALUE.



PROTOCOL 418-012P: ORAL (STOMACH TUBE) DOSAGE-RANGE DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS

(SPONSOR'S STUDY NUMBER: T-6295.10)

TABLE 13 (PAGE 7); MATERNAL BODY WEIGHTS - INDIVIDUAL DATA

------------ ------------------------- -------------------------------------------------------------------------------------

PREGNANCY

STATUS DAY 0 7 8 9 10 11 12 13 14 15 16 17
------------------------------------------------------------------------------------------------------------------------------

RABBIT I DOSAGE GROUP VII 20 MG/KG/DAY
-----------------------------------------------------------------------------------------------------------------------------

6266 P 3.59 3.70 3.74 3.61 3.51 3.42 3.34 3.29 3.24 3.16 3.10 2.98

8267 P 3.37 3.37 3.37 3.28 3.21 3.18 3.15 3.14 3.13 3.09 3.00 2.92

8268 P 3.43 3.64 3.48 3.36 3.27 3.19 3.12 3.06 3.00 2.94 2.88 b

8269 P 3.49 3.75 3.87 3.77 3.67 3.59 3.51 3.45 3.39 3.34 3.26 3.20

e270 P 3.10 3.26 3.21 3.16 3.06 2.98 2.es 2.80 2.72 2.65 c
-----------------------------------------------------------------------------------------------------------------------------

DAY 19 20 21 22 23 24 25 26 27 28 29
-----------------------------------------------------------------------------------------------------------------------------

8266 P FOUND DEAD ON DAY 17 OF GESTATION

8267 P 2.79 FOUND DEAD ON DAY 20 OF GESTATION

8266 P FOUND DEAD ON DAY 17 OF GESTATION

8269 P ABORTED ON DAY 19 OF GESTATION

8270 P FOUND DEAD ON DAY 16 OF GESTATION
-----------------------------------------------------------------------------------------------------------------------------

P - PREGNANT UP - NOT PREGNANT (VALUES NCLUDED FROM AVERAGES)

DAY - DAY OF PRESUMED GESTATION

ALL WEIGHTS WERE RECORDED IN GRAMS (G), ROUNDED TO THREE SIGNIFICANT DIGITS AND REPORTED IN KILOGRAMS (KG).

ALL CALCULATIONS EXCEPT BODY WEIGHT AVERAGES ARE PERFORMED WITH THE UNROUNDED GRAN (G) VALUE.

BODY WEIGHT AVERAGES ARE CALCULATED WITH THE ROUNDED KILOGRAM (KG) VALUE.

a. Doe 8266 was found dead on day 17 of gestation.

b. Doe 8268 was found dead on day 17 of gestation.

c. Doe 8270 was found dead on day 16 of gestation.



PROTOCOL 418-012P: ORAL ISTOMACH TUBE) DOSAGE-RANGE DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS

(SPONSOR'S STUDY NUMBER: T-6295.10)

TABLE 14 IPAGE 1): MATERNAL FEED CONSUMPTION VALUES - INDIVIDUAL DATA

-----------------------------------------------------------------------------------------------------------------------------

PREGNANCY

STATUS DAYS 7 - 6 8 - 9 9 - 10 10 - 11 11 - 12 12 - 13 13 - 14 14 - 15 15 - 16 16 - 17 17 - 18 18 - 19
------------------------------------------------------------------------------------------------------------------------------

RABBIT # DOSAGE GROUP 1 0 (VEHICLE) MG/KG/DAY
------------------------------------------------------------------------------------------------------------------------------

6236 P 181. 103. 183. 185. 180. 183. 164. 185. 181. 182. 182. 183.

8237 P 180. 105. lei. 183. 181. 183. 181. 182. 160. 161. la4. 181.

8238 P 184. 185. 181. 185. 284. 185. 180. 183. 182. 181. 182. 180.

8239 P 282. 162. 282. 181. 181. 102. 184. 183. 180. ISO. 164. 261.

8240 P 178. 166. 182. 159. 127. 109. 102. 122. 105. 180. 13S. 150.
------------------------------------------------------------------------------------------------------------------------------

DAYS 20 - 21 21 - 22 22 - 23 23 - 24 24 - 25 25 - 26 26 - 27 27 - 28 28 - 29
------------------------------------------------------------------------------------------------------------------------------

8236 P 184. 151. 106. 75. 82. 92. 96. 108. 121.

8237 P 264. 185. 185. 184. 182. 170. 119. 124. 125.

8238 P 180. 182. 180. 185. 104. 102. 180. 184. 165.

8239 P 163. 182. ISO. 182. 184. 162. 170. 152. 180.

8240 P 133. 120. Ill. 114. iie. 97. 116. 71. 12S.
------------------------------------------------------------------------------------------------------------------------------

P - PREGNANT NP - NOT PREGNANT (VALUES EXCLUDED FROM AVERAGES)

DAYS - DAYS OF PRESUMED GESTATION

ALL WEIGHTS WEBB RECORDED IN GRAMS (G).



PROTOCOL 418-012P: ORAL (STOMACH TUBE) DOSAGE-RANGE DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS

(SPONSOR'S STUDY NLYMBER: T-6295.10)

TABLE 14 (PAGE 2); MATERNAL FEED CONSUMPTION VALUES - INDIVIDUAL DATA

--------------------------------------------------------------------------------------------------------------------------------

PREGNANCY

STATUS DAYS 7 - 0 8 9 9 - 10 10 - 11 11 - 12 12 - 13 13 - 14 14 - 15 15 - 16 16 - 17 17 - IS 18 - 19 19
--------------------------------------------------------------------------------------------------------------------------------

RABBIT DOSAGE GROUP 11 0.1 MG/KG/DAY
--------------------------------------------------------------------------------------------------------------------------------

8241 P 101. 184. 182. 182. 183. 167. 182. 181. 182. 183. 184. 184.

8242 UP 185. 264. 162. 181. 184. 181. 181. 180. 181. 184. 182. 180.
8243 P 181. 165. 98. 126. 102. 123. 125. 185. a 184. 183. les.

8244 P 180. 102. 183. 181. 182. 104. 180. 184. 182. lei. 182. 180.
6245 P 138. 143. 141. 93. lie. 09. 124. 93. 61. 136. 182. 181.

--------------------------------------------------------------------------------------------------------------------------------

DAYS 20 - 21 21 - 22 22 - 23 213- 24 24 - 25 25 - 26 26 - 27 27 - 28 28 - 29
--------------------------------------------------------------------------------------------------------------------------------

8241 P 185. 160. 127. 78. 45. 15. 4. 8. 41.

8242 UP 181. 100. ISO. 182. 185. 181. 185. 185. 185.

8243 P le5. 181. 182. 181. 184. 152. 124. 83. 132.

8244 P 280. a 180. 182. 163. 104. 123. 58. 8.
8245 P 182. 153. 173. 183. 182. 145. 140. 135. 152.

--------------------------------------------------------------------------------------------------------------------------------

P - PREGNANT UP - NOT PREGNANT (VALUES EXCLUDED FROM AVERAGES)

DAYS - DAYS OF PRESUMED GESTATION

ALL WEIGHTS WERE RECORDED IN GRAMS (G).

a. Spilled feed precluded the calculation of this value.



PROTOCOL 418-012P: ORAL (STOMACH TUBE) DOSAGE-RANGE DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS

(SPONSOR'S STUDY NUMBER: T-6295.10)

TABLE 14 (PAGE 3); MATERNAL FEED CONSUMPTION VALUES - INDIVIDUAL DATA

-----------------------------------------------------------------------------------------------------------------------------

PREGNANCY

STATUS DAYS 7 - 8 8 - 9 9 - 10 10 - 11 11 - 12 12 - 23 13 - 14 14 - 15 15 - 16 16 - 17 17 - 18 18 - 19
------------------------------------------------------------------------------------------------------------------------------

RABBIT I DOSAGE GROUP III I 14G/KG/DAY
------------------------------------------------------------------------------------------------------------------------------

0246 NP 181. 182. 183. lei. 183. 185. 185. 181. 180. 180. 182. 184.
6247 P 181. 182. 181. 202. 181. 168. 182. 181. 190. 100. 181. 180.
8248 P 182. 181. 182. 181. 181. 182. 185. 183. 169. 180. 180. 184.
8249 P ISS. 181. 185. 184. 180. 182. 185. 183. ISO. 181. 184. 181.
8250 P 180. 180. 182. 102. 101. 124. 131. 183. 145. 145. 176. 152.

------------------------------------------------------------------------------------------------------------------------------

DAYS 20 - 21 21 - 22 22 - 23 23 - 24 24 - 25 25 - 26 26 - 27 27 - 28 28 - 29
------------------------------------------------------------------------------------------------------------------------------

8246 RP 185. 102. 183. 182. 184. 183. 184. 183. 181.
8247 P 183. 182. 183. 283. lei. 173. 181. 174. 183.
e248 P le4. 182. 176. 175. 167. 166. 181. 152. 181.
8249 P le2. ie2. 167. 146. 143. 150. 115. 115. 126.
82SO P 182. lei. 175. 153. 138. 114. 113. 93. 90.

------------------------------------------------------------------------------------------------------------------------------

P - PREGNANT MP - NOT PREGNANT (VALUES EXCLUDED FROM AVERAGES)
DAYS - DAYS OF PRESUMED GESTATION

ALL WEIGHTS WERE RECORDED IN GRAMS (G).



PROTOCOL 418-012P: ORAL (STOMACH TUBE) DOSAGE-RANGE DEVELOPMENTAL TOXICITY STUDY OF PPOS IN RABBITS

(SPONSOR'S STUDY NUMBER! T-6295.10)

TABLE 14 (PAGE 4): MATERNAL FEED CONSUMPTION VALUES - INDIVIDUAL DATA

-- -- --- -- -- -- -- -- --- --- -- -- --- --- -- --- --- - --- --- -- --- --- -- --- --- -- -- --- --- - ---- --- --- -- --- --- -- -- -- --- --- --- ---- --- --- --- -- --

PREGNANCY

STATUS DAYS 7 - 8 a - 9 9 - 10 10 - 11 11 - 12 12 - 13 13 - 14 14 - 15 15 - 16 16 - 17 17 - 18 18 - 19

---- -- -- -- -- --- - --- --- -- --- -- -- --- --- -- --- --- -- -- ---- - --- --- --- -- --- -- --- -- ---- -- --- --- --- -- -- --- -- -- ---- --- --- ---- -- -- --- -- -

RABBIT V DOSAGE GROUP IV 2.5 MG/KG/DAY
-----------------------------------------------------------------------------------------------------------------------------

8251 P 263. 180. 180. 182. 284. 184. 183. 185. 182. 180. 182. 184.

8252 P 184. 181. 183. 183. 182. 180. 126. 284. ISO, 183. 181. 183.

7650 P 28S. 182. 182. 184. 283. 184. 167. 181. 110. 102. 76. So.

8254 P 100. lei. 176. 153. 122. 43. 17. 1. 2. 0. 2. 0.

82SS P 262. 179. 183. 166. 164. 148. 162. 180. 269. 166. 165. 168.

-----------------------------------------------------------------------------------------------------------------------------

DAYS 20 - 21 21 - 22 22 - 23 23 - 24 24 - 25 25 - 26 26 - 27 27 - 28 28 - 29
-----------------------------------------------------------------------------------------------------------------------------

8251 P 168. 180. 162. 182. 181. 181. 163. 160. 183.

8252 P 183. 152. 152. 148. 161. 148. 148. 141. 181.

7650 P 37. 30. 30. 10. 94. 123. 161. 155. 269.

8254 P 11. 36. 100. 130. 117. 84. 102. 93. 113.

82SS P 162. 158. 134. 156. 166. 153. 142. 115. 249.

-----------------------------------------------------------------------------------------------------------------------------

P - PREGNANT UP - NOT PREGNANT (VALUES EXCLUDED FROM AVERAGES)

DAYS - DAYS OF PRESUMED GESTATION

ALL WEIGHTS WERE RECORDED IN GRAMS (G).



PROTOCOL 418-012P: ORAL (STOMACH TUBE) DOSAGE-RANGE DEVELOPMENTAL TOXICITY STUDY OF PPOS IN RABBITS

(SPONSOR'S STUDY NUMBER: T-6295.10)

TABLE 14 (PAGE 5); MATERNAL FEED CONSUMPTION VALUES - INDIVIDUAL DATA

-------------------------------------------------------------------------------------------------------------------------------

PREGNANCY

STATUS DAYS 7 - 8 8 - 9 9 - 10 10 - 11 11 - 12 12 - 13 13 - 14 14 - 15 15 - 16 16 - 17 17 - 18 18 - 19
------------------------------------------------------------------------------------------------------------------------------

RABBIT # DOSAGE GROUP V 5 MG/KG/DAY
------------------------------------------------------------------------------------------------------------------------------

8256 P 185. 183. 182. 168. 137. 123. 36. 0. 1. 0. 45. 13.
8257 P 117. 144. 131. 115. 66. 9. 1. 0. 3. I. 3. 0.
8258 UP 182. 182. 169. 134. 84. 13. 1. 0. 0. 0. 2. 0.
8259 P 184. 280. 182. 173. 56. 21. 0. 0. 0. 2. 2. 1.
8260 P 182. 166. 185. 142. 44. 7. 0. 0. 4. 5. 6. 57.

------------------------------------------------------------------------------------------------------------------------------

DAYS 20 - 21 21 - 22 22 - 23 23 - 24 24 - 25 25 - 26 26 - 27 27 - 28 28 - 29
------------------------------------------------------------------------------------------------------------------------------

8256 P 79. 133. 181. 164. 185. 184. 185. 181. 185.
8257 P 7. 7. 14. ABORTED ON DAY 23 OF GESTATION
82SO UP 2. 3. 1. 0. 0. 1. 4. 1. 1.
0259 P 2. ABORTED ON DAY 22 OF GESTATION
8260 P 0. 55. 62. 223. 169. 180. 181. 182. 183.

------------------------------------------------------------------------------------------------------------------------------

P - PREGNANT NP - NOT PREGNANT (VALUES EXCLUDED FROM AVERAGES)
DAYS - DAYS OF PRESUMED GESTATION

ALL WEIGHTS WERE RECORDED IN GRAMS (G).



PROTOCOL 418-012P: ORAL (STOMACH TUBE) DOSAGE-RANGE DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS
(SPONSOR'S STUDY NUMBER: T-6295.10)

TABLE 14 (PAGE 6): MATERNAL FEED CONSUMPTION VALUES - INDIVIDUAL DATA

---------------------------------------------------------------------------------------------------------------------------

PREGNANCY
STATUS DAYS 7 - e 0 - 9 9 - 10 10 - 11 11 - 12 12 - 13 13 - 14 14 - 15 15 - 16 16 - 17 17 - 18 18 - 19

-----------------------------------------------------------------------------------------------------------------------------

RABBIT N DOSAGE GROUP VI 10 MG/KG/DAY
----------------------------------------------------------------------------------------------------------------------------

8261 P 181. 171. 86. 2. 0. 3. 0. 0. 0. 1. 0. 1.
8262 P ieo. 145. 28. 1. 0. 2. 0. 2. 0. 0. 0. 1.
8263 UP 180. 164. 28. 2. 1. 2. 0. 0. 0. 1. 0. 1.
8264 P 179. 128. 93. 0. 24. 2. 0. 4. 0. 4. 0. 0.
8265 P 121. 30. 0. 3. 0. 2. 0. 1. 1. 2. S. 0.

-----------------------------------------------------------------------------------------------------------------------------

DAYS 20 - 21 21 - 22 22 - 23 23 - 24 24 - 25 25 - 26 26 - 27 27 - 28 28 - 29
-----------------------------------------------------------------------------------------------------------------------------

8261 P 1. 5. 0. 1. 1. ABORTED ON DAY 26 OF GESTATION
8262 P 0. ABORTED ON DAY 22 OF GESTATION
0263 UP 0. 2. 1. 0. 2. 4. 3. 0. 0.
e264 P 0. 2. 1. ABORTED ON DAY 23 OF GESTATION
8265 P 0. 1. 0. 3. 2. ABORTED ON DAY 25 OF GESTATION

-----------------------------------------------------------------------------------------------------------------------------

P - PREGNANT NP - NOT PREGNANT (VALUES EXCLUDED FROM AVERAGES)
DAYS - DAYS OF PRESUMED GESTATION
ALL WEIGHTS WERE RECORDED IN GRAMS (G).



PROTOCOL 418-012P: ORAL (STOMACH TUBE) DOSAGE-ILANCE DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS

(SPONSOR'S STUDY NUMBER: T-6295.10)

TABLE 14 (PAGE 7): MATERNAL FEED CONSUMPTION VALUES - INDIVIDUAL DATA

-------------------------------------------------------------------------------------------------------------------

PREGNANCY

STATUS DAYS 7 - 8 8 - 9 9 - 10 10 - 11 11 - 12 12 - 13 13 - 14 14 - 15 15 - 16 16 - 17 17 - 18 18 - 19
-----------------------------------------------------------------------------------------------------------------------------

RABBIT I DOSAGE GROUP VII 20 MG/KG/DAY
------------------------------------ ----------------------------------------------------------------------------------------

8266 P 143. 12. 0. 1. 2. 0. 0. 2. 2. 0. a
8267 P 124. 5. 3. 0. 0. 1. 0. 2. 1. 0. 1. 1.
8268 P 71. 4. 0. 2. 0. 0. 1. 2. 1. c
8269 P 181. 69. 2. 2. 0. 1. 0. 2. 1. 3. 2. d
8270 P 52. 27. 0. I. 0. 0. 0. 2. e

-----------------------------------------------------------------------------------------------------------------------------

DAYS 20 - 21 21 - 22 22 - 23 23 - 24 24 - 25 25 - 26 26 - 27 27 - 28 28 - 29
-----------------------------------------------------------------------------------------------------------------------------

8266 P FOUND DEAD ON DAY 17 OF GESTATION
8267 P FOUND DEAD ON DAY 20 OF GESTATION

8268 P FOUND DEAD ON DAY 17 OF GESTATION

8269 P ABORTED ON DAY 19 OF GESTATION
8270 P FOUND DEAD ON DAY 16 OF GESTATION

-----------------------------------------------------------------------------------------------------------------------------

P - PREGNANT UP - NOT PREGNANT (VALUES EXCLUDED FROM AVERAGES)

DAYS - DAYS OF PRESUMED GESTATION
ALL WEIGHTS WERE RECORDED IN GRAMS (G).

a. Doe 8266 was found dead on day 27 of gestation.

b. Doe 8267 was found dead an day 20 of gestation.

c. Doe 0268 was found dead on day 17 of gestation.

d. Doe 8269 aborted on day 19 of gestation.

e. Doe 6270 was found dead on day 16 of gestation.



PROTOCOL 418-012P: ORAL (STOMACH TUBE) DOSAGE-RANGE DEVELOPMENTAL TOXICITY STUDY OF PPOS IN RABBITS

(SPONSOR'S STUDY NUMBER: T-6295.10)

TABLE 15 (PAGE 1); CAESAREAN-SECTIONING OBSERVATIONS - INDIVIDUAL DATA

------------------------------------------------------------------------------------------------------------------------------

VIABLE FETUSES DEAD FETUSES EARLY RESORPTIONS LATE RESORPTIONS IMPLANTATION SITES CORPORA LUTEA
------------------------ ---------------- ---------------- ---------------- ---------------- ----------------

SEX RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT
RABBIT # N p HORN TOTAL HORN TOTAL HORN TOTAL HORN TOTAL HORN TOTAL OVARY TOTAL
-------------------------------------------------------------------------------------------------------------------------------

DOSAGE GROUP 1 0 (VEHICLE) MG/KG/DAY
-------------------------------------------------------------------------------------------------------------------------------

8236 6 4 3 7 10 0 0 0 0 0 0 0 1 1 3 a 11 4 0 12
8237 3 4 4 3 7 0 0 0 0 0 0 0 0 0 4 3 7 4 4 a
6238 6 3 4 5 9 0 0 0 0 0 0 1 0 2 5 5 10 s 6 11

8239 4 4 5 3 8 0 0 0 0 0 0 0 0 0 5 3 a 7 4 11
8240 4 4 5 3 a 0 0 0 0 0 0 0 0 0 5 3 a 6 3 9

-------------------------------------------------------------------------------------------------------------------------------

DOSAGE GROUP 11 0.1 MG/KG/DAY
-------------------------------------------------------------------------------------------------------------------------------

8241 4 6 6 4 10 0 0 0 0 0 0 0 0 0 6 4 10 7 5 12
8242 NOT PREGNANT

8243 4 6 6 4 20 0 0 0 0 0 0 0 0 0 6 4 10 a 4 12

6244 4 6 5 5 10 0 0 0 0 0 0 0 1 1 5 6 11 6 9 15
8245 2 5 5 2 7 0 0 0 0 0 0 0 0 0 s 2 7 5 3 a

-------------------------------------------------------------------------------------------------------------------------------

DOSAGE GROUP III I MG/KG/DAY
-------------------------------------------------------------------------------------------------------------------------------

8246 NOT PREGNANT

8247 2 6 2 6 8 0 0 0 0 0 0 0 0 0 2 6 a 3 7 10

8248 4 6 5 5 10 0 0 0 0 0 0 0 0 0 5 5 10 5 6 11
8249 3 4 3 4 7 0 0 0 0 0 0 0 0 0 3 4 7 5 5 10

82SO 4 5 s 4 9 0 0 0 0 0 0 0 0 0 5 4 9 5 4 9
-------------------------------------------------------------------------------------------------------------------------------

DOSAGE GROUP IV 2.5 MG/KG/DAY
------------------------------------------------------------------------------------------------------------------------------

8251 4 6 7 3 20 0 0 0 0 0 0 1 0 1 a 3 11 9 3 12
8252 4 6 2 8 10 0 0 0 0 1 1 0 0 0 2 9 11 4 9 13
7650 S 2 4 3 7 0 0 0 0 0 0 0 0 0 4 3 7 5 5 10
8254 5 3 4 4 a 0 0 0 0 0 0 0 0 0 4 4 8 6 4 10

8255 2 5 6 1 7 0 0 0 0 0 0 0 0 0 6 1 7 7 3 10
------------------------------------------------------------------------------------------------- ------ - ---- --- -

N - MALE F - FEMALE

PLACENTAE APPEARED NORMAL UNLESS NOTED OTHERWISE.



PROTOCOL 418-012P: OPAL (STOMACH TUBE) DOSAGE-RANGE DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS

ISPONSORIS STUDY NUMBER: T-6295.10)

TABLE 15 (PAGE 2): CAESAREAN-SECTIONING OBSERVATIONS - INDIVIDUAL DATA

-- -- -- -- -- -- -- - -- - -- -- ---- --- --- --- -- --- - ---- --- -- --- --- --- - --- -- -- --- ---- - ---- --- --- -- -- --- -- -- ---- -- ---- -- --- --- --- -- --- --- -

VIABLE FETUSES DEAD FETUSES EARLY RESORPTIONS LATE RESORPTIONS IMPLANTATION SITES CORPORA LUTEA
------------------------ ---------------- ---------------- ---------------- ---------------- ----------------

SEX RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT
RABBIT # M F HORN TOTAL HORN TOTAL HORN TOTAL HORN TOTAL HORN TOTAL OVARY TOTAL
------------------------------------------------------------------------------------------------------------------------------

DOSAGE GROUP V 5 MG/KG/DAY
------------------------------------------------------------------------------------------------------------------------------

6256 2 2 2 2 4 0 0 0 0 5 5 0 0 0 2 7 9 2 a 10

8257 ABORTED ON DAY 23 OF GESTATION

8258 NOT PREGNANT
6259 ABORTED ON DAY 22 OF GESTATION

8260 3 4 2 5 7 0 0 0 0 0 0 2 1 3 4 6 10 4 7 11
------------------------------------------------------------------------------------------------------------------------------

DOSAGE GROUP VI 10 MG/KG/DAY
------------------------------------------------------------------------------------------------------------------------------

6261 ABORTED ON DAY 26 OF GESTATION

8262 ABORTED ON DAY 22 OF GESTATION

8263 NOT PREGNANT

8264 ABORTED ON DAY 23 OF GESTATION

0265 ABORTED ON DAY 2S OF GESTATION
------------------------------------------------------------------------------------------------------------------------------

DOSAGE GROUP VII 20 MG/KG/DAY
------------------------------------------------------------------------------------------------------------------------------

8266 FOUND DEAD ON DAY 17 OF GESTATION

8267 FOUND DEAD ON DAY 20 OF GESTATION

8268 FOUND DEAD ON DAY 17 OF GESTATION

8269 ABORTED ON DAY 19 OF GESTATION

8270 FOUND DEAD ON DAY 16 OF GESTATION
------------------------------------------------------------------------------------------------------------------------------

N = MALE F = FEMALE

PLACENTAE APPEARED NORMAL UNLESS NOTED OTHERWISE.



PROTOCOL 418-012P: ORAL (STOMACH TUBE) DOSAGE-RANGE DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS
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TABLE 16 (PAGE 1): LITTER OBSERVATIONS (CAESAREAN-DELIVERED FETUSES) - INDIVIDUAL DATA

-------------------------------------------------- --------------------------------I --------------------- -------------------

NUMBER OF LIVE AVERAGE FETAL ---- CONCEPTUSES ------

FETUSES BODY WEIGHT (G) RESORBED

------------------------------------------------------------------------------------------------------------------------------

RABBIT N MALE FEMALE TOTAL MALE FEMALE TOTAL a N N t
-----------------------------------------------------------------------------------------------------------------------------

DOSAGE GROUP 1 0 (VEHICLE) MG/KG/DAY
------------------------------------------------------------------------------------------------------------------------------

8236 6 4 10 41.51 44.35 42.64 11 1 9.1

8237 3 4 7 49.42 48.62 49.08 7 0 0.0

8238 6 3 9 35.68 32.03 34.46 10 1 10.0

8339 4 4 8 47.94 49.68 48.80 a 0 0.0

8240 4 4 8 45.74 41.99 43.87 a 0 0.0
------------------------------------------------------------------------------------------------------------------------------

DOSAGE GROUP Il 0.1 MG/KG/DAY
------------------------------------------------------------------------------------------------------------------------------

8241 4 6 10 31.86 32.38 32.17 10 0 0.0

8242 NOT PREGNANT

8243 4 6 10 40.24 36.62 38.06 10 0 0.0

6244 4 6 10 43.30 42.58 42.86 11 1 9.1

824S 2 5 7 49.83 50.02 49.97 7 0 0.0
------------------------------------------------------------------------------------------------------------------------------

DOSAGE GROUP III I MG/KG/DAY
------------------------------------------------------------------------------------------------------------------------------

8246 NOT PREGNANT

8247 2 6 a 43.46 44.07 43.92 8 0 0.0

8248 4 6 10 45.87 40.83 42.84 10 0 0.0

8249 3 4 7 49.48 46.60 47.84 7 0 0.0

8250 4 5 9 43.88 39.77 41.59 9 0 0.0
-----------------------------------------------------------------------------------------------------------------------------

DOSAGE GROUP IV 2.5 MG/KG/DAY
------------------------------------------------------------------------------------------------------------------------------

8251 4 6 10 37.63 33.19 34.97 11 1 9.1

8252 4 6 10 36.26 33.94 34.86 11 1 9.1

7650 5 2 7 43.25 48.32 44.70 7 0 0.0

8254 5 3 a 32.69 32.30 32-54 8 0 0.0

8255 2 5 7 47.36 42.44 43.85 7 0 0.0
----------------------------------------------------------------------------------------------------- --

a. TOTAL = SUM OF FETAL WEIGHTS/NUMBER OF LIVE FETUSES.
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(SPONSOR'S STUDY NUMBER: T 6295-10)

TABLE 16 IPAGE 2); LITTER OBSERVATIONS (CAESAREAN-DELIVERED FETUSES) - INDIVIDUAL DATA

---------------------- ------------------------- ----------------------------------------------------------------------------

NUMBER OF LIVE AVERAGE FETAL ---- CONCEPTUSES ------

FETUSES BODY WEIGHT (G) RESORBED
-----------------------------------------------------------------------------------------------------------------------------

RABBIT # MALE FEMALE TOTAL MALE FEMALE TOTAL a u N t
-----------------------------------------------------------------------------------------------------------------------------

DOSAGE GROUP V 5 MG/KG/DAY
----------------------------------------------------------------------------------------------------------------------------

8256 2 2 4 36.72 23.02 29.87 9 5 5S.6

8257 ABORTED ON DAY 23 OF GESTATION

8258 NOT PREGNANT

8259 ABORTED ON DAY 22 OF GESTATION

8260 3 4 7 20.31 23.68 22.23 10 3 30.0
-----------------------------------------------------------------------------------------------------------------------------

DOSAGE GROUP VI 10 14G/KG/DAY
-----------------------------------------------------------------------------------------------------------------------------

8261 ABORTED ON DAY 26 OF GESTATION

8262 ABORTED ON DAY 22 OF GESTATION

8263 NOT PREGNANT

8264 ABORTED ON D" 23 OF GESTATION

8265 ABORTED ON DAY 2S OF GESTATION
----------------------------------------------------------------------------------------------------------------------------

DOSAGE GROUP VII 20 MG/KG/DAY
----------------------------------------------------------------------------------------------------------------------------

8266 FOUND DEAD ON DAY 17 OF GESTATION

8261 FOUND DEAD ON DAY 20 OF GESTATION

8268 FOUND DEAD ON DAY 17 OF GESTATION

8269 ABORTED ON DAY 19 OF GESTATION

8270 FOUND DEAD ON DAY 16 OF GESTATION
----------------------------------------------------------------------------------------------------------------------------

a. TOTAL = SUM OF FETAL WEIGHTS/NUMBER OF LIVE FETUSES.
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TABLE 17 (PAGE 1); FETAL SEX, VITAL STATUS AND BODY WEIGHT - INDIVIDUAL DATA

-----------------------------------------------------------------------------------------------------------------------------

FETUS N 1 2 3 4 5 6 7 a 9 10 11 12 13 14 15 16 17 is
-----------------------------------------------------------------------------------------------------------------------------

DOSAGE GROUP 1 0 (VEHICLE) MG/KG/DAY
-----------------------------------------------------------------------------------------------------------------------------

RABBIT I CLa

8236 4/ 8 MA MA FA / PA MA MA MA MA FA PA L

49.46 45.09 46.98 50.29 40.84 41.52 34.50 37.65 40.06 40.06 1.95

8237 4/ 4 FA PA MA FA / MA FA MA

51.77 46.72 51.46 50.21 47.56 44.56 49.25

0238 S/ 6 PA MA 14A 14A FL MA FA 14A MA FA

28.71 39.23 34.06 29.22 3.43 37.90 34.83 36.81 36.85 32.S6

8239 7/ 4 FA FA MA MA 14A PA 14A FA

52.85 46.42 44-55 46.27 53.37 48.22 47.55 50.21

8240 6/ 3 MA PA MA PA FA MA MA FA

40.74 46-03 42.61 39.01 41.56 44.95 46.48 41.33
-----------------------------------------------------------------------------------------------------------------------------

DOSAGE GROUP 11 0.1 MG/KG/DAY
------------------------------- ---------------------------------------------------------------------------------------------

8241 7/ 5 FA PA FA MA MA PA FA FA MA MA

35.65 35.91 34.09 26.52 29.38 27.65 29.03 31.97 34.81 34.72

0242 NOT PREGNANT

8243a S/ 4 FA FA FA Ph MA MA 14A FA FA MA

36.00 44.04 41.86 31.80 35.20 36.12 44.09 27.20 38.79 45.53

8244b 6/ 9 KA FA FA FA FA MA FA MA MA FL FA

47.16 46.85 44.45 39.22 32.31 39.16 52.80 51.48 35.38 7.32 37.84

8245 5/ 3 FA FA FA FA FA MA MA

52.45 48.54 52.22 46.73 50.17 52.15 47.51
-----------------------------------------------------------------------------------------------------------------------------

N - KALE F - FEMALE A - ALIVE E = EARLY RESORPTION L - LATE RESORPTION DENOTES POSITION OF CERVIX

CLO = CORPORA LUTRA/OVARY FETAL BODY WEIGHTS WERE RECORDED IN GRAMS (G).

a. Fetus 8243-8 had a short snout, and small and displaced nares.

b. Fetus 8244-7 had abdominal distention.
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TABLE 17 (PAGE 2): FETAL SEX, VITAL STATUS AND BODY WEIGHT - INDIVIDUAL DATA

------------------------------------------ ----- ---------------------------------------------------------------------------

FETUS # 1 2 3 4 5 6 7 a 9 10 11 12 13 14 15 16 11 18
-----------------------------------------------------------------------------------------------------------------------------

DOSAGE GROUP 111 1 MG/KG/DAY
-----------------------------------------------------------------------------------------------------------------------------

RABBIT I CLO

6246 NOT PREGNANT

8247 3/ 7 14A PA / PA FA PA PA FA MA

46.57 46.46 45.73 42.90 45.12 46.63 37.60 36.34

8248 5/ 6 MA PA FA MA FA MA PA FA PA MA

51.27 39.44 44.56 37.77 37.44 54.03 44.11 42.15 37.26 40.42

8249 S/ S KA PA FA MA MA FA FA

52.58 47.34 42.63 50.08 45.79 49.87 46.SS

82SO S/ 4 NA MA PA MA FA MA PA FA FA

46.56 43.22 42.44 40.21 33.62 45.52 38.82 43.04 40.91
-----------------------------------------------------------------------------------------------------------------------------

DOSAGE GROUP IV 2.5 MG/KG/DAY
-----------------------------------------------------------------------------------------------------------------------------

82SIa 9/ 3 KA L PA FA MA PA FA MA / PA MA PA

47.06 1.21 31.11 31.19 31.49 28.19 29.34 40.49 40.44 31.48 38.87

8252 4/ 9 FA FA / MA PA 14A FA MA PA B MA PA

40.31 37.60 39.80 30.92 36.40 30.75 36.62 32.98 32.20 31.05

76SO 5/ 5 t4A FA MA MA PA MA NA

55.61 50.54 45.68 49.64 46.11 34.14 31.18

8254 6/ 4 FA MA MA PA MA PA NA MA

38.36 37.08 32.34 32.57 38.10 25.98 28.90 27.03

8255 7/ 3 PA MA PA FA FA FA / MA

47.02 46.53 41.50 40.14 38.39 45.17 48.19
-----------------------------------------------------------------------------------------------------------------------------

N - MALE F - FE14ALE A - ALIVE E . EARLY RESORPTION L - LATE RESORPTION ./" DENOTES POSITION OF CERVIX

CLO - CORPORA LUTEA/OVARY FETAL BODY WEIGHTS WERE RECORDED IN GRAMS (G).

a. Fetus 8251-10 had a cleft snout and no incisors.
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(SPONSOR'S STUDY NUMBER: T-6295.10)

TABLE 17 (PAGE 3): FETAL SEX, VITAL STATUS AND BODY WEIGHT - INDIVIDUAL DATA

-------------------------------------------------------------------------------------------------------------------------------

FETUS 1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 is
-------------------------------------------------------------------------------------------------------------------------------

DOSAGE GROUP V 5 MG/KG/DAY
------------------------------------------------------------------------------------------------------------------------------

RABBIT I CLe

82S6 2/ 8 MA MA / FA E E E E E FA

40.97 32.48 32.20 14.84

8257 ABORTED ON DAY 23 OF GESTATION

8258 NOT PREGNANT

62S9 ABORTED ON DAY 22 OF GESTATION

8260 4/ 7 PA L FA L / MA MA FA MA L FA

26.90 4.03 28.15 4.33 19.67 20.02 21-85 21.23 3.13 17.82
-------------------------------------------------------------------------------------------------------------------------------

DOSAGE GROUP VI 10 14G/KG/DAY
-------------------------------------------------------------------------------------------------------------------------------

8261 ABORTED ON DAY 26 OF GESTATION

8262 ABORTED ON DAY 22 OF GESTATION

8263 NOT PREGNANT

8264 ABORTED ON DAY 23 OF GESTATION

8265 ABORTED ON DAY 25 OF GESTATION
-------------------------------------------------------------------------------------------------------------------------------

DOSAGE GROUP VII 20 MG/KG/DAY
-------------------------------------------------------------------------------------------------------------------------------

RABBIT # CLo

8266 FOUND DM ON DAY 17 OF GESTATION

8267 FOUND DEAD ON DAY 20 OF GESTATION

8268 FOUND DEAD ON DAY 17 OF GESTATION

8269 ABORTED ON DAY 19 OF GESTATION

8270 FOUND DEAD ON DAY 16 OF GESTATION
--------------------------------------------------------------------------------------------------------- -------

N - MALE F - PB4ALE A - ALIVE E - EARLY RESORPTION L = LATE RESORPTION "/" DENOTES POSITION OF CERVIX

CLs = CORPORA LUTEA/OVARY FETAL BODY WEIGHTS WERE RECORDED IN GRAMS (G).
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Argus PAseamh Labomtorl", Inc.
905 Sheehy Drive,BuildingA

Homhom, Pennsylvania 190"

.-Argc.s
T: (215)4434710 F:(215) "3-8587

PROTOCOL 418-012P

SPONSOF;VS STUDY NUMBER: T-6295.10

STUDY TITLE: Oral (Stomach Tube) Dos@age-Range Developmental
ToxicityStudy ofPFOS inRabbits

PURPOSE: The purpose ofthisstudy istoprovide informationforthe
selectionofdosages tobe used inthe developmental
toxicity(embryo-fetaltoxicityand teratogenicpotential)study
of PFOS administeredorallyviastomach tube to
New Zealand White [Hra:(NZW)SPF] presumed pregnant
female rabbits.

TESTING FACILI Argus Research Laboratories,Inc.
905 Sheehy Drive,BuildingA
Horsham, Pennsylvania 19044-1297
Telephone: (215)443-8710
Telefax: (215)443-8587

STUDY DIRECTOR: Raymond G. York, Ph.D.,DABT
Associate DirectorofResearch

SPONSO 3M ToxicologyServices
3M Center, Building220-2E-02
St.Paul, Minnesota-55144-1000

STUDY MONITOR: Marvin T. Case, D.V.M.,Ph.D.
Telephone: (612)733-5180
Teleftx: (612)733-1773

ALTERNAT
STUDY MONITO Andrew M. Seacat, Ph.D.

Telephone: (612)575-3161
Telefax: (612)733-1773
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REGULATORY CITATION

U.S. Food and Drug Administration(1994). InternationalConference on
Harmonisabon; Guidelineon detectionoftoxicityto reproductionformedicinalproducts.
Federal Register,September 22, 1994, Vol.59, No. 183.

U.S. Food and Drug Administration.Good LaboratoryPracticeRegulations;FinalRule.
21 CFR Part 58.

Japanese Ministryof Health and Weffare (1997). Good Laboratory PracticeStandard
forSafety Studies on Drugs, MHW Ordinance Number 21, March 26, 1997.

European Economic Community (1989). Council decisionon 28 July 1989 on the
acceptance by the European Economic Community ofan OECD decisionlrecom-
mendation on compliance withprinciplesofgood laboratorypractice.OfficialJournal of
theEuropean Communities: Legislation.32 (No.L 315; 28 October): 1-17.

REGULATORY COMPLIANC :

This studywillbe conducted inthe spiritoftheGood LaboratoryPractice(GLP)
regulationscitedabove inthatthe TestingFacilitypersonnel willadhere to the Standard
Operating Procedures forlaboratoryoperationsand data collection.The Testing
FacilityQualityAssurance Unit(GAU) willnotauditthe protocol,the raw data,the
reportsorthe criticalphases ofthe study.

Allchanges or revisionsofthisprotocolshallbe documented, signed by the Study
Directorand the Sponsor, dated and maintainedwiththe protocol.

SCHEMATIC OF STUDY DESIGN AND STUDY SCHEDULE:

See ATTACHMENT 1 to the protocol.
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TEST ARTICLE AND VEHIC

Identification:

Test Article:

Name: PFOS.

PhysicalDescription: Light-coloredpowder.
LotIBatchNumber: 217.

SpecificGravity: -0.6.
Purity: 98.9%.
ExpirationDate: May 2000.

Informationon the identity,composition,strengthand purityofthe testarticleison file
withthe Sponsor.

Vehicle:

0.5% TweenO 80 inReversed Osmosis Membrane Processed Deionized Water (R.O.
Deionized Water). Supplierand lotidentificationofTweenO 80 to be documented in
the raw data.

Neitherthe Sponsor nor the Study Directorisaware ofany potentialcontaminants likely
tobe present inthe vehiclethatwould interferewiththe resultsofthisstudy. Therefore,
no analyses otherthan those mentioned inthisprotocolwillbe conducted.

Safely Precautions:

Gloves, mask, appropriateeye protectionand a uniform/labcoatare tobe wom during
formulationpreparationand dosage administration.The MaterialSafety Data Sheet
(MSDS) isattached tothe protocol(ATTACHMENT 2).

Storage:

Bulk Test Article: Room temperature.

Vehicle Components: Room temperature.
Prepared Vehicle: Room temperature.

Prepared Formulations: Frozen (-200C).

Alltestarticleshipments to the Testing Facilityshould be addressed tothe attentionof
JulianGuibinski,Manager ofFormulations,atthe previouslycitedaddress and
telephone number.

Shipments should includeinformationconcerning storageconditionsand shipping
cartonsshould be labeledappropriately.The recipientshould be notifiedinadvance of
shipment.
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FORMULATION:

Freauency of Preparaton:

Formulations(suspensions)willbe prepareddailyattheTestingFacility.Vehiclewillbe
preparedweekly atthe TestingFacility.

Detailedpreparationproceduresare attachedtothisprotocol(ATTACHMENT 3).

Adiustment forPurl :

The testarticlewillbe considered 100% pure forthepurpose ofdosage calculations.

Testing FaclillyReserve SamRIO :

The Sponsor willreservea sample (1g)ofeach lotofthebulktestarticleused during
the course ofthisstudy.The TestingFacilitywillreservea sample (5mL) ofeach lotof
the vehiclecomponents used duringthe courseofthisstudy.Samples willbe stored
under the previouslycitedconditions.

ANALYSE :

Samples additionaltothose describedbelow may be taken ifdeemed necessary during
thecourse ofthestudy.

Bulk Test ArticleSamRiin

No analyses ofthe bulktestarticlewillbe conducted duringthecourse ofthisstudy.
Informationon the stabilityofthe bulktestarticleison filewiththeSponsor.

Analyses ofPrepared Formulations:

At the requestofthe Sponsor, no analysesofpreparedtestarticleformulationswillbe
conducted duringthe course ofthe study.However, recordswillbe maintainedto
document how the testarticleformulationswere prepared.

DISPOSITION:

Prepared formulationswillbe discardedattheTestingFacility.Allremainingbulktest
articlewillbe returnedto the Study Monitoratthe previouslycitedaddress.
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TEST SYSTEM:

Species/Strainand Reason forSelection:

The New Zealand White [Hra:(NZW)SPF) rabbitwas selectedas the Test System
because: 1)itisone non-rodentmammalian speciesacceptedand widelyused
throughoutthe industryfornonclinicalstudiesof developmentaltoxicity(embryo-fetal
toxicitytteratogenicity);2)thisstrainofrabbithas been demonstrated tobe sensitiveto
developmentaltoxins;3)historicaldata and experienceexistatthe TestingFacility(");
and 4) thetestarticleispharmacologicallyactiveinthe speciesand strain.

Number and Sex:

Populationevaluated: 35 timed-pregnantfemale rabbits(5per dosage group).

Body Wei-ghtand Age:

The individualbody weightsofthefemale rabbitswillrange from 2.5 kg to5.5kg;the
rabbitswillbe approximatelyfiveto seven months ofage atthe timeofstudy
assignment. Actualbody weights recordedatreceiptand atstudy assignment willbe
documented inthe raw data.

Source:

Covance Research Products,Inc.
Swampbridge Road, Box 7200
Denver,Pennsylvania 17517

The rabbitswillbe shipped infifteredcartonsby truckfrom Covance Research
Products,Inc.,Denver, Pennsylvania,to theTestingFacility.

Identification:

Rabbitsare permanently identifiedusingMoneW self-piercingear tags(Gey Band and
Tag Co.,Inc.,No. MSPT 20103). Female rabbitsaregivenunique permanent
identificationnumbers when assigned to thestudyon the basisofday 0 ofpresumed
gestationbody weights.

ANIMAL HUSBANDRY:

Allcage sizesare incompliance withthe Guide fortheCare and Use ofLaboratory
Animals("'.
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Housing:

The rabbitswillbe individuallyhoused inunitsofsixto eightstainlesssteelcages. No
nestingmaterialswillbe suppliedbecause the female rabbitswillbe sacrificedbefore
parturitionisexpected.

Room Air.Tomperatum and Humidity:

The animal room isindependentlysuppliedwith atleastten changes per hour of 100%
freshairthathas been passed through 99.97% HEPA filters.Room temperature willbe
maintainedat61 OF (160C) to72*F (220C) and monitored constantly.Room humidity
willalso be monitored constantlyand maintained at30% to 70%.

An automaticallycontrolled12-hour light:12-hour dark fluorescentlightcyclewillbe
maintained. Each dark periodwillbegin at 1900 hours EST.

Diet:

Approximately 150 g ofCertifiedRabbit ChowS #5322 (PMI NutritionInternational)will
be availabletoeach rabbiteach day untilthe firstday ofdosage, atwhich time
approximately 180 g ofthe same certifiedfeed willbe offeredtoeach rabbiteach day.

The certifiedfeed willbe availablefrom individual,stainlesssteel,"J-type"feeders
attachedto each cage.

Water:

Water willbe availablead libitumfrom individualboftlesattached tothe cages orfrom
an automaticwatering access system. Allwater willbe from a localsource and passed
through a reverseosmosis membrane before use. Chlorinewillbe added tothe
processed water as a bacteriostat;processed water isexpected to containno more
than 1.2 ppm chlorineatthe time ofanalysis.Water isanalyzed monthly forpossible
bacterialcontaminationand twice annuallyforpossiblechemical contamination.

Contaminants:

Neitherthe Sponsor nor the Study Directorisaware ofany potentialcontaminants likely
to be present inthe certifieddietor inthe drinkingwater at levelsthatwould interfere

withthe resultsofthisstudy. Therefore,no analyses otherthan those routinely
performed by the feed supplierorthose mentioned inthisprotocolwillbe conducted.
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MATING AND RANDOMIZATION:

The female rabbitswillbe naturallybred atthe Supplier by breeder male rabbitsofthe
same sourceand strainbeforeshipmenttotheTestingFacility.The day matingoccurs
willbe designatedday 0 ofpresumed gestation.The rabbitswillbe shippedtothe
TestingFacilityaftermating,toarriveon day 1 ofpresumed gestation.Beforeshipment
oftherabbits,theSupplierwillforwardbreedingrecordsand day 0 ofpresumed
gestationbody weights.A computer-generated(weight-ordered)randomization
procedurewillbe used toassigntherabbitstodosage groups based on this
information.

ADMINISTRATION:

Route and Reason forChoice:

The oral(stomachtube)routewas selectedforuse because: 1)incomparisonwiththe
dietaryroute,theexactdosage can be accuratelyadministered;and 2)itisone ofthe
possibleroutesofhuman exposure.

Method and Freguency:

Female rabbitswillbe giventhetestarticleonce dailyon days 7 through20 of
presumed gestation.Dosages willbe adjusteddailyforbody weightchanges and given
atapproximatelythesame timeeach day.

RationaleforDosage Selection:

Dosages willbe selectedby theSponsor on thebasisofpreviousstudiesconducted
withthetestarticle.
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Dosage Levels,Concentrationsand Volumes:

Number
Dosage Of Dosage Concentration Volume
Group Animals (mgikg/day) (mg/mL) iMUk NumberArgus Batch

1 5 0 (Vehicle) 0 10- B-418-012P-A(Day.Month.Year)

11 5 0.1 0.01 10 B-418-012P-B(Day.Month.Year)

111 5 1 0.1 10 B-418-012P-C(Day.Month.Year)

IV 5 2.5 0.25 10 B-418-012P-D(Day.Month.Year)

v 5 5 0.5 10 B-418-012P-E(Day.Month.Year)

vi 5 10 1 10 B-418-012P-F(Day.Month.Year)

5 1 20 2 1 10 1 B-418-012P-G(Day.Month.Year)

The testarticlewillbe considered100% pureforthepurposeofdosage calculabons.

TESTS, ANALYSES AND MEASUREMENTS:

Viability:

AllPeriods: At leasttwicedaily.

ClinicalObservations and/or General Appearance:

Predosage Period: At leastonce.

Dosage Period: Twice daily.Priortodosage administrationand once
approximatelyone hour postdosage.

Postdosage Period: Once daily.

Clinicalobservationsmay be recorded more frequentlythan citedabove, ifdeemed
appropriateby the Study Directorand/orStudy Monitor.

Body Weights:

Predosage Period: Day 0 of presumed gestationand on the day of arrival
atthe Testing Facility.

Dosage Period: Daily.

Postdosage Period: Daily.
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Food Consumption Values:

Predosage Period: Recorded dailyafterarrivalattheTestingFacility
(valuesnottabulated).

Dosage Period: Recorded'daily.

Postdosage Period: Recorded daily.

Feed consumption valuesduringthe dosage periodwillbe tabulatedforthe same
intervalsas body weightevaluations.

Caesarean-Sectioning Observations:

Rabbitswillbe Caesarean-sectionedon day 29 ofpresumed gestation.The fetuseswill
be removed from the uterusand placed inindividualcontainers.The rabbitswillbe
examined fornumber and distributionof

Corpora Lutea.

ImplantationSites.
[Placentaethatappear abnormal (size,colororshape) willbe noted inthe raw
data.]

Liveand Dead Fetuses.
(A livefetusisdefinedas one thatresponds tostimuli;a dead fetusisdefinedas
a term fetusthatdoes notrespond to stimuliand thatisnotmarkedly autolyzed;
dead fetusesdemonstratingmarked toextreme autolysisareconsideredto be
lateresorptions.)

Eady and LateResorptions.
(A conceptus isdefinedas a lateresorptionffitisgrosslyevidentthat
organogenesis has occurred;ffthisisnotthe case,theconceptus isidentifiedas
an earlyresorption.)

FetalObservations:

Body Weights:

The body weight ofeach fetuswillbe recorded.Only body weightsoflivefetuseswill
be used todeterminelitterfetalbody weight averages.
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Gross ExternalAlterations:

Allfetuseswillbe examined forgrossexternalalterations.Late resorptionsand dead
fetusesalsowillbe examined forgross externalalterationstothe extentpossiblebut
such observationswillnot be includedineitherdata summarizationor statistical
analyses. Fetuses withgross externalalterationswillbe preservedinneutralbuffered
10% formalin.Allotherfetuseswillbe discarded.

Representativephotographs offetalgross alterationswillbe taken.

Sex:

Allfetuseswillbe examined intemallytodeterminesex.

METHOD OF SACRIFICE:

BeuthanasiaO-D Special(manufacturedby Schering-PloughAnimal Heafth)willbe
used tosacrificerabbits(viaintravenousinjection)and livefetuses(viaintrapedtoneal

injection).

NECROPSY:

Gross lesionswillbe retainedinneutralbuffered10% formalinforpossiblefuture
evaluation(correspondingtissueswillbe retainedfrom rabbitsinthe vehiclecontrol
group atthe discretionofthe Study Director).(Exception:Parovadan cystswillbe
discarded;theseare common, spontaneous lesionsinrabbits.)Unless specifically
citedbelow,allothertissueswillbe discarded.

Scheduled Sacrifice:

On day 29 ofpresumed gestation,female rabbitswillbe Caesarean-sectioned,and a
gross necropsy ofthethoracic,abdominal and pelvicviscerawillbe performed. Uteriof
apparentlynonpregnant does willbe stainedwith10% ammonium sulfideto confirmthe
absence ofimplantationsftes(S).

Rabbits Found Dead or Moribund:

Rabbitsthatdieor are sacrificedbecause ofmoribund condition,abortionor premature
deliverywillbe examined forthe cause ofdeath or moribund conditionon the day the
observationismade. Pregnancy statusand uterinecontentswillbe recorded.Aborted
fetusesand/ordeliveredpups willbe examined totheextentpossible,usingthe same
methods describedforfetuses.Uteriofapparentlynonpregnant does willbe stained
with10% ammonium sulfidetoconfirmthe absence ofimplantationsites().
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STATISTICAL EVALUATIO

Averages and percentages willbe calculated.Littervalueswillbe used where
appropriate.Additionalprocedures and/oranalyses may be performed ffdeemed
appropriate.

DATA ACQUISITION,VERIFICATIONAND STORAO

Data willbe hand- and/or computer-recorded. Records willbe reviewed by the Study
Directorand/or appropriatemanagement personnelwithin21 days aftergeneration.All
originalrecordswillbe storedinthe archivesofthe Testing Facility.Alloriginaldata will
be bound and indexed. A copy ofallraw data willbe suppliedto the Sponsor upon
request. Preserved tissueswillbe storedatthe Testing Facilityatno charge forone
year aftermailingofthe draftfinalreport,afterwhich time the Sponsor willbe contacted
todetermine the dispositionofthese materials.

RECORDS TO BE MAINTAINE

Protocoland Amendments.
Test Article,Vehicleand/or Reagent Receipt,Preparationand Use.
Animal Acquisition.
Randomization Schedules.
VeterinarianExamination.
Mating History.
Treatment (ifprescribedby StaffVeterinarian).
General Comments.
ClinicalObservations and/or General Appearance.
Body Weights.
Feed Consumption Values.
Caesarean-Sectioning and FetalObservations.
Gross Necropsy Observations.
Organ Weights (ifrequired).
Photographs (ifrequired).
Study Maintenance (room and environmentalrecords).
Feed and Water Analyses.
Packing and/or Shipment Lists.
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KEY PERSONNE

Executive Directorof Research: Mildred S. Christian,Ph.D., ATS
DirectorofResearch: Alan M. Hoberman, Ph.D.,DABT
AssociateDirectorof Research and Study Director:Raymond G. York, Ph.D.,DABT
DirectorofLaboratoryOperations:John F.Barnett,B.S.
Manager ofStudy Coordination:ValerieA. Sharper,M.S.
Manager ofAnimal Operationsand Member, InstitutionalAnimal Care and
Use Committee: Dena C. Lebo, V.M.D.

Manager ofRegulatoryCompliance: KathleenA. Moran, M.S.
Consultant,VeterinaryPathology:W. Ray Brown, D.V.M.,Ph.D.,ACVP

REPO :

A letterreportforthe purpose ofdosage selectionforthefullstudywillbe prepared
immediatelyfollowingcompletionofthe in-Iffephase.

A summary reportwillbe prepared including:abstract,summaries ofthe methods,
resultsand conclusion;tableofcontents;copy ofthe protocol;amendments; summary
and individualtables;and reportsofsupportingdata (ffappropriate).The reportwillbe
includedas an appendix tothe fullstudy report.The Sponsor willreceiveone copy of
thedraftreportand two copiesofthe finalreport.

INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE STATEMEN

The procedures describedinthisprotocolhave been reviewedby theTestingFacility's
InstitutionalAnimal Care and Use Committee. Allprocedures describedinthisprotocol
thatinvolvestudyanimals willbe conducted ina manner toavoidor minimize
discomfort,distressor paintothe animals.

The Sponsoes signaturebelow documents the factthatinformationconcerningthe
necessityforconductingthisstudyand thefactthatthisisnotan unnecessarily
duplicativestudy may be obtainedfrom theSponsor. No alternative(invitro)
procedureswere availableformeeting the statedpurposes ofthe study.
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7

Dena C. Lebo, V.M.D. Date
Member, InstitutionalAnimal Care and
Use Committee

FOR THE SPONSOR

Marvin T. Case, D.V.M.,Ph.D. Daie
Study Monitor
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STUDY SCHEMATIC

DOSAGE-RANGE DEVELOPMENTAL TOXICITY STUDYO

Caesarean-
Secbonind'

StartOf End of

Timed-
Dosage Dosage

Pregnant
Rabbits

Day 0 of Day 7 of Day 20 of
Presumed Presumed Presumed

Gestation Gestation Gestation

Day 29 of
Presumed
Gestation

Dosage Pedod.

a. For additionaldetailssee 'Tests,Analyses and Measurements" section of the

protocol.

b. Fetalevaluations(allfetuses -externalexaminations).



418-012:PAGE D-83

418-012P:PAGE 83

ATTACHMENT 1 Protocol418-012P
Page 2 of2

SCHEDULE8

26 JUN 98 Animals Arrive-AcclimationBegins.

02JUL98-15JUL98 Dosage Period(Days 7 through 20 ofpresumed
gestation).

24JUL98 Caesarean-SectioningPeriod (Day 29 of
presumed gestation).

31 JUL 98 LetterReport.

08 OCT 98 Summary Report.

a. The study initiationdate isthe date the Study Directorsignsthe protocol.
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MATERIAL SAFETY 3M PFC)IS
DATA SHEET 3M Center

St. Paul, Kinnesota
551"-Iooo
i.soo-364-3577or (612) 737-5501 (24 hours)

Copyright, 1998, Minnesota Mining and Manufacturing Company.
All rights reserved. Copying and/or downloadingof this
inforaationfor the purpose of properly utl2izing 3M products
is allowed provided that:
1) the information in copied in full with no changes unless

prior agreement is obtained from 3M, and
2) neitherthe copy nor the original is resold or otherwise

distributedwith the intention of earning a profit thereon.

DIVISION: 3H CHEMICALS
TRADE NAME:

Fe-95 FLUORAD Brand Fluorochanical Surfactant
ID NUMBER/U.P.C.:
98-0207-0103-7 00-51135-09OS4-1 98-0207-0104-5 00-51135-09OSS-8
98-0211-0888-5 00-51135-09362-7 9B-0211-3916-1 00-51135-02311-2
ZF-0002-10"-l

ISSUED: January 29, 1998
SUPERSEDES: November 05, 1997
DOCUMENT: 10-3796-9

-----------------------------------------------------------------------------
1. INGREDIEN7 C.A.S. NO. PERCENT

-----------------------------------------------------------------------------

POTASSIUM PERFLUOROALKYL SULFONATE ...... 2795-39-3 82 - 86
POTASSIUM PERFLUOROALKYL SULFONATE ...... 3871-99-6 3 - 8
POTASSIUM PERFLLIOROALKYL SULFONATE ...... 29420-49-3 3 - 7
POTASSIUM PERFLWROALKYL SULFONATE ...... 60270-55-5 2 - 6
POTASSIUM PERFLUOROALKYL SULFONATF ...... 3872-25-1 1 - 3

.............................................................................
2. PHYSICAL DATA

-----------------------------------------------------------------------------

BOILING POINT: .................N/A
VAPOR PRESSURE: ................N/A
VAPOR DENSITY: .................N/A
EVAPORATION RATE: ..............N/A
SOLUBILITY IN WATER: ...........alight
SPECIFIC GRAVITY: ..............ca. 0.6 Water-I

(Sulk)
PERCENT VOLATILE: ..............0 %
PH: ............................7 - 6

(0.1% Aqueous)
VISCOSITY: .....................N/D
MELTING POINT: .................N/D

APPEARANCE AND ODOR:
Light colored, free flowing powder.

.............................................................................
Abbreviations: N/D - Not Deterained N/A - Not Applicable CA Approximately
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isnuary 29, 1991B

.............................................................................

3. FIRE AND EXPLOSION HAZMD DATA
----------------a----------------------a -------------------------------------

FLASH POINT: ...................None
FLAMMABLE LIMITS - LEL: ........N/A
FLAMMABLE LIMITS - UEL:..a .....N/A
AUTOIGNITION TEMPERATURE: ......N/A

EXTINGUISHING MEDIA:
Water, Carbon dioxide, Dry chemical, Foam

SPECIAL FIRE FIGHTING PROCEDURES:
Wear full protective clothing, including helmet, self-contained,
positive pressure or pressure demand breathing apparatus, bunker coat
and pants, bonds around arms, waist and logs, face mak, and
protective covering for exposed areas of the head.

UNUSUAL FIRE AND EXPLOSION HAZARDS:
See hazardous Decomposition section for products of combustion.

-----------------------------------------------------------------------------

4. REACTIVITY DATA
-----------------------------------------------------------------------------

STABILITY: Stable

INCOMPATIBILITY - MATERIALS/CONDITIONS TO AVOID:
Not applicable.

HAZARDOUS POLYMERIZATION: hazardous polymerization will not occur.

HAZARDOUS DECOMPOSITION PRODUCTS:
Carbon Monoxide and Carbon Dioxide, Oxides of Sulfur, hydrogen
Fluoride, Toxic Vapors, Gases or Particulates.

-----------------------------------------------------------------------------

S. EWIRONMENTAL INFORMATION
-----------------------------------------------------------------------------

SPILL RESPONSE:
Observe precautions from other sections. Vacuum, use wet sweeping
compound or water to avoid dusting. CAUTIONI A vacuum cleaner could
be an ignitionsource. Clean up residue with water. Place in an
approved metal container. Seal the container.

RECOMMENDED DISPOSAL:
Do not release to waterways or sewer. Do not use in products or
processes that could result in aquatic concentrationsgreater than
1110 of the lowest ECSO or LCSO concentration. Incinerate in an
industrialor commercial facility in the presence of a combustible
material. Combustion products will include HF. Disposal
alternative: Dispose of waste product in a facility permittedto

-----------------------------------------------------------------------------
Abbreviations: N/D - Not Determined N/A - Not Applicable CA - Approximately
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.................................................a ..........................

5. ENVIRONMENTAL INFORMATION (continued)
..........................................................

accept chemical waste.

ENVIRONMENTAL DATA:
gSaHr. Aquatic Fish LCSO, Fathead Hinnow(Pinsphalespromelas)m36 mg/l,
BluegillSuntish(Lopomismarochirus)-IM mg/l, RainbowTrout(Salmo
gairdneri)-llag/l; 48-Mr. EC50, Daphnis Magna - 50 mg/l; CDD=.004
g/g; 80020- Nil.

REMJLATORY INFORMATION:
Volatile Organic Compounds: N/A.
VOC Less M20 & Exempt Solvents: N/A.

Since regulationsvary, consult applicableregulationsor authorities
before disposal. U.S. EPA Hazardous Waste Number - None (Not U.S.
EPA hazardous).

This product CDMPli93 with the chemical registration requirements of
TSCA, EINECS, CDSL, AICS, MITI and Korea.

EPCRA HAZARD CLASS:
FIRE HAZARD: No PRESSURE: No REACTIVITY: No ACUTE: Yes CHRDNIC: Yes

-----------------------------------------------------------------------------

6. SUGGESTED FIRST AID
-----------------------------------------------------------------------------

EYE CONTACT:
Immediatelyflush eyes with large amounts of water for at least 15
minutes. Get immediatemedical attention.

SKIN CONTACT:
Immediatelyflush skin with large amounts of water. Remove
contaminatedclothing.If irritationpersists,can a physician.Wash
contaminatedclothing before rouse.

INHALATION:
If signsisymptomsoccur, remove person to fresh air. If
signs/symptomscontinue, call a physician.

IF SWALLOWED:
Drink two glassesof water. Call a physician.

--------------------------------------------------a --------------------------

7. PRECAUTIONARY INFORMATION
-----------------------------------------------------------------------------

EYE PROTECTION:
Avoid eye contact. Wear vented gaggles.

-----------------------------------------------------------------------------
Abbreviations:N/D - Not Determined N/A - Not Applicable CA - Approximately
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.............................................................................

7. PRECAUTIONARY INFOR14ATION (continued)
.............................aa-----------aa ----------a--a------------------

SKIN PROTECTION:
Avoid skin contact. Wear appropriategloves when handling this
material. A pair of glovesmad* from the followingmaterial(s)are
recommended: butyl rubber. Use on* or ro of the following
personal protectionitems as necessary to preventskin contact: head
covering,coveralls. Protectivegarments (otherthan gloves)should
be made of either of the followingmaterials:
polyethylene/palyvinylidenechloride (Saranex).

RECOMMENDED VENTILATION:
U30 with appropriate local exhaust ventilation. Use in a well-
ventilatedarea. Providesufficientventilationto maintain
emissions below recommendedexposure limits. If exhaust ventilation
is not adequate,use appropriaterespiratoryprotection.

RESPIRATORY PROTECTION:-
Avoid breathingof dust. Select on* of the followingNIOSM approved
respiratorsbased an airborne concentrationof contaminantsand in
accordancewith OSHA regulations: half-maskdust and mist respirator,
half-masksuppliedair respirator,full-facedust and mist respirator,
full-facesuppliedair respirator.

PREVENTION OF ACCIDENTAL INGESTION:
Do not sat, drink or smoke when using this product. Wash exposed
areas thoroughlywith soap and water. Wash hands after handling and
before eating.

RECDMMENDED STORAGE:
Keep containerdry. Keep container closed when not in use.

FIRE AND EXPLOSION AVOIDANCE:
Nonflammable.

OTHER PRECAUTIONARY INFORMATION:
No smoking: Smoking while using this product can result in
contaminationof the tobacco and/or smoke and lead to the formation
of the hazardousdecompositionproducts mentioned in section 4 of
this MSDS.

HMIS HAZARD RATINGS: HEALTH: 2 FLAMMABILITY: 0 REACTIVITY: 0
PERSONAL PROTECTION: X (See precautions, section 7.)

EXPOSURE LIMITS

INGREDIENT VALUE UNIT TYPE AUTH SKIN*
.............................................................................

POTASSIUM PERFLUOROALKYL SULFONATE ... 0.1 MGIM3 TWA 3M y

POTASSIUM PERFLUORDALKYL SULFONATE ... 0.1 MGIM3 TWA 3M y

POTASSIUM PERFLUOROALKYL SULFONATE ... 0.1 MGIM3 TWA 3M y

POTASSIUM PERFLUOROALKYL SULFONATE ... 0.1 MGIK3- TWA 3M y
-----------------------------------------------------------------------------
Abbreviations:N/D - Not Determined N/A - Not Applicable CA - Approximately
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EXPOSURE LTHRM (continued)

INGREDIENT VALUE UNIT TYPE AUTH SKIN-
-----------------------------------------------------------------------------
POTASSIUM PERFLUOFTOALKYL SULFONATE... 0.1 MG/K3 TWA 3M y

w SKIN NOTATION: Listed substancesindicatedwith 'Y' under SKIN refer to
the potentialcontributionto the overallexposureby the cutaneousroute
including mucous membrane and my*, either by airborne or, more particularly,
by direct contactwith the substance. Vehiclescan alter skin absorption.

SOURCE OF EXPOSURE LIMIT DATA:
- 3M: 3M Recommended Exposure Guidelines

-----------------------------------------------------------------------------
S. HEALTH HAZARD DATA

-----------------------------------------------------------------------------

EYE CONTACT:
Mild Eye Irritation:signstsymptomscan includeredness,swelling,
pain, and tearing.

SKIN CONTACT:
Mild Skin Irritation(afterprolongedor repeatedcontact):
signs/symptomscan include redness,swelling, and itching.

May be absorbed through the skin and persist in the body for an
extended time.

INHALATION:
May be harmful it inhaled.

May be absorbedby inhalationand persist in the body for an extended
time.

Single overexposure, above recommended guidelines, may cause:

Irritation(upperrespiratory):signs/symptomscan include
soreness of the nose and throat, coughing and sneezing.

IF SWALLOWED:
Ingestionis not a likelyroute of exposureto this product.

Illness may result from a single swallowingof a moderatequantityof
this material.

May be harmful if swallowed.

MUTAGENICITY:
Mutagenicityassays indicatethe productis not autagenic.

------------------------------------------------------a ---------------------

Abbreviations:N/D - Not Determined N/A Not Applicable CA - Approximately
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-----------------------------------------------------------------------------

a. HEALTH HAZARD DATA (continued)
-----------------------------------------------------------------------------

REPRODUCTIVE/DEVELOPMENTAL TDXINS:
Not toratogenicin the rat at oral doses belowmaternallytoxic
levels.

OTHER HEALTH HAZARD INFORMATION:
This product is not known to contain any substancesregulatedunder
CaliforniaProposition65.

A ProductToxicity Summary Sheet is available.

-----------------------------------------------------------------------------
SECTION CHANGE DATES
-----------------------------------------------------------------------------

HEADING SECTION CHANGED SINCE November 05, 1997 ISSUE

-----------------------------------------------------------------------------
Abbreviations:N/D - Not Determined N/A - Not Applicable CA - Approximately

-----------------------------------------------------------------------------

The informationin this Material Safety Data Shoot (MSDS)is believedto
be correct as of the date issued. 3M MAKES NO WARRANTIES, EXPRESSED OR
IMPLIED, INCLUDING, BUT NOT LIMITED TO, ANY IMPLIED WARRANTY OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE OR COURSE OF
PERFORMANCE OR USAGE OF TRADE. User is responsible for determining
whether the 3M product is fit for a particularpurposeand suitablefor
user'smethodof use or application. Given the varietyof factorsthat
can affect the use and applicationof a 3M product, some of which are
uniquelywithinthe user's knowledgeand control,it is essentialthat
the user evaluatethe 3M productto determinewhetherit is fit for a
particularpurposeand suitable for user'smethod of use or application.

3M providesinformationin electronicfare as a service to its customers.
Due to the remotepossibilitythat electronictransfermay have resulted
in errors, omissionsor alterationsin this information,3M makes no
representationsas to its completenessor accuracy. In addition,
informationobtained from a databasemay not be as current as the
informationin the MSDS available directly from 3M.
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ATTACHMENT 3 Protocol418-012P
Version:418-012P (12JUN 98)

Page 1 of3
TEST ARTICLE AND VEHICLE PREPARATION PROCEDURE

TestArticle: PFOS

Vehicle: 0.5% TweerS 80,inR.O.Water

A. Purpose:The purposeofthisprocedureistoprovidea method forthepreparation
ofdosage suspensionsofPFOS and thevehiclefororaladministrationto
rabbitson Argus Study418-012P.

B. GeneralInformation:

1. Allsuspensioncontainerswillbe labeledand colorcoded. Each labelwill
specifytheprotocolnumber,testarticleidentification,Argus batch
number,concentration,dosage level,preparationdate,expirationdate
and storageconditions.

2a. Suspensionswillbe prepared:
X Daily - Weekly - For@__ daysofuse

2b. Vehiclewillbe prepared:
- Daily X Weekly - For_ daysofuse

3. Suspensionswillbe preparedata finaldosage volume of10 mL/kg.

4. Safety:
_L_ Gloves,labcoat,gogglesorsafetyglassesand faceshield
X Dust-MistRespirator

Haff-FaceRespirator
Ful@-FaceRespirator/PosftivePressureHood
Tyvek Suit/Apron

5. Dosage solutionsadjustedforFreebase and % Purity.
Yes X No (Calculationsbasedon 100%)
FreeBase - Purity

6. Samplingrequirements:Citedinprotocol.

7. Storage:Citedinprotocol.



418-012:PAGE D-93

418-012P:PAGE 93

ATTACHMENT 3 Protoeol418-012P
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Page 2 of3
TEST ARTICLE AND VEHICLE PREPARATION PROCEDURE

NOTE: Test articlewillbe prepared as a serialdilutionfrom the high dosage to
the low dosage. Once the finalvolumes are achieved, stirbars are to be
added to the containers; mixing should occur during sampling and/or
administration.

C. Preparation of Vehicle

1. Add the required amount of R.O. deionized water to an appropriately
labeled container. Heat the water to 500C,:t5oC, add the required
amount of TweenO 80 and mix untiluniform (See TEST ARTICLE
CALCULATIONS).

D. Test ArticleSuspension Preparation:

1. To prepare the 2-mg/mL, Group VII suspension, add the required amount

of test article(See TEST ARTICLE CALCULATIONS) into an
appropriately sized, labeled container. Add the required amount of
vehicle and heat the mixture to 800C, *50C for approximately 30 minutes.

2. Once the test articlehas dissolved; spin while the solution cools. (Be sure
there isa visiblevortex,thiswillachieve the desired emulsion. This may
be prepared the fty before use.)

3. To prepare the 1-mg/mL, Group Vi suspension, remove the required
amount of stock suspension (Group VII) (See TEST ARTICLE
CALCULATIONS), add the required amount of vehicle and mix.

4. To prepare the .5-mg/mL, Group V suspension, remove the required
amount of stock suspension (Group VI) (See TEST ARTICLE
CALCULATIONS), add the required amount of vehicle and mix.

5. To prepare the .25-mg/mL, Group IV suspension, remove the required
amount of stock suspension (Group V) (See TEST ARTICLE

CALCULATIONS), add the required amount ofvehicle and mix.
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ATTACHMENT 3 Pmtocol418-012P
Vemion:418412P_LILJUN 98)

Page 3 of3

TEST ARTICI 1=AND VEHICLE PREPARATION PROCEDURE

6. To prepare the 0.1-mg/mL, Group IIIsuspension,remove the required
amount ofstocksuspension(Group IV)(See TEST ARTICLE
CALCULATIONS), add the requiredamount of vehicleand mix.

7. To prepare the 0.01-mg/mL, Group 11suspension,remove the required
amount ofstocksuspension (Group 111)(See TEST ARTICLE
CALCULATIONS), add the requiredamount ofvehicleand mix.

Writtenby-

Appmv b, /Z July-78

Cla *i tion: No Yes (See attachedclarificationform.)

A

Initials/Date
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SUMMARY OF REPRODUCTIVEINDICES
NZW RABBIT

PERIOD: JANUARY 1996 -JANUARY 1998

NUMBER OF STUDIES: 66

NUMBER OF RABBITS:
TESTED 901

PREGNANT 861
FOUND DEAD 6*

ABORTED 22
DELIVERED PREMATURELY 4

NUMBER OF RABBITS PREGNANT AT
CAESAREAN-SECTIONING ON
DAY 29 OF GESTATION: 825

NUMBER OF RABBITS WITH
SINGLE CONCEPTUS LiTrER:

LIVE 1
RESORBED I
ABORTED 2

RANGE/STUDY
MEAN or% MEAN or%

% PREGNANT 96.0 (75.0-100)

AVERAGE # CORPORA LUTEA 9.7 (7.8-11.7)

AVERAGE # IMPLANTATIONS 8.9. (3.8-10.6)

AVERAGE LITTER SIZE

AVERAGE # LIVE FETUSES 8.4 (3.2-10.4)

AVERAGE # DEAD FETUSES 0.0 (0-0.1)

AVERAGE # RESORPTIONS 0.4 (0-3.2)

AVERAGE # EARLY RESORPTIONS 0.3 (0-2.8)

AVERAGE # LATE RESORPTIONS 0.1 (0-1.2)

Three were moribund sacrifices,one was
attributedtoan intubationaccident
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SUMMARY OF REPRODUCTIVE INDICES
NZW RABBIT

RANGE/STUDY
MEAN or% MEAN or%

AVERAGE % DOES WITH ANY
26.8 (0-100)RESORPTIONS

AVERAGE % DOES WITH ALL
CONCEPTUSES RESORBED 0.6 (0-20.0)

AVERAGE % DOES WITH ONE OR
99.4 (80.0-100)MORE LIVE FETUSES

AVERAGE SEX RATIO.
(% MALES/LITTER) 51.2 (31.4-61-0)

AVERAGE FETAL BODY WEIGHT (G) 43.74 (31.85-55.74)

AVERAGE FOR MALES (G) 44.26 (29.55-56-97)

AVERAGE FOR FEMALES (G) 43.08 (32.25-53.76)

AVERAGE % DEAD OR RESORBED
CONCEPTUSES/LITTER 4.4 (0-18.8)
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SUMMARY OF MATERNAL NECROPSY OBSERVATIONS
NZW RABBITS

PERIOD JANUARY 1996-JANUARY 1998
TOTAL # STUDIES 67
TOTAL # DOES 921
#PREGNANT 876 % OF PREGNANT

DIED 6* 0.6
ABORTED 22 2.4
DELIVERED PREMATURELY 4 0.4
DOES WITH 100% RESORPTIONS 5 0.5

RANGE /STUDY
E)CRERNAL OBSERVATIONS N % N %

Fecalmaterialin
perianalregion I o.11 0-1 (0-5.0)
Localizedalopecia 2 0.22 0-1 (0-5.0)
Leftear,tom 1 0.11 0-1 (0-5.0)

GROSS LESIONS

THYMUS
Small 1 0.11 o-i (0-5.0)

LUNGS
Discolored 6 0.65 0-4 (0-20.0)
Tear inrightdia-
phragmaticlobe 1 0.11 0-1 (0-4.0)

Multiplelesions 1 0.11 o-i (0-4.2)

THORACIC CAVITY
Containedredfluid 1 0.11 0-1 (0-4.0)

LIVER
Paleand/ordiscolored 7 0.76 0-4 (0-16.0)
Accentuatedlobuiar
patternon lobe(s) 1 0.11 0-1 (0-5.0)

BACK
Break presentin
iumbarregionof
spine 1 0.11 0-1 (0-5.0)

Threewere moribundsacrifices.one was
attributedtoan intubationaccident
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SUMMARY OF MATERNAL NECROPSY OBSERVATIONS
NZW RABBITS

GROSS LESIONS RANGE /STUDY
N % N %

BACK(CONT.)
Dorsalmuscles,three
hemorrhagicareas
inlumbarregion 1 0.11 0-1 (0-12.5)

STOMACH
Trichobazoar 2 o.22 0-1 (0-4.3)
Mucosa,erodedin
areas 1 0.11 0-1 (0-4.2)

SPLEEN
Small 3 0.32 0-1 (0-20.0)
Large 1 0.11 0-1 (0-4.0)

KIDNEY(S)
Small 1 0.11 0-1 (0-20.0)
Right,displaced
caudally 1 0.11 0-1 (0-5.0)

ADRENALGLAND
Right,absent 1 0.11 0-1 (0-5.0)

UTERUS
Righthom contained
darkbrownfluid I o.11 0-1 (0-16.7)

Homs containeda
viscous,green-brown
substance 1 0.11 0-1 (0-4.0)

Vascularization I o.11 0-1 (0-4.3)
Placentaesurrounded
by a thick,yellow
substance 1 0.11 0-1 (0-5.0)

OVARIES
Parovariancyst(s) 30 3.26 0-5 (0-25-0)
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SUMMARY OF FETAL GROSS EXTERNAL ALTERATIONS
NZW RABBITS

PERIOD JANUARY 1996 -JANUARY 1998
OF STUDIES 65
LITTERS EXAMINED 816
LIVEFETUSES EXAMINED (DAY 29) 6929

ALTERATION RANGE/STUDY
N % N %

SKIN
Absentarea L 1 0.12 0-1 (0-5.3)

F 1 0.01 0-1 (0-0.6)

HEAD
Maningocele L 2 0.24 0-1 (0-16.7)

F 3 0.04 0-2 (D-3.7)

Cyclops L 1 0.12 0-1 (0-5.9)
F 1 0.01 0-1 (D-0.7)

Upperjaw intwo L 1 0.12 0-1 (0-5.9)
segments F 1 0.01 0-1 (0-0.7)

Nares absent L 1 0.12 0-1 (0-5.3)
F 1 0.01 0-1 (0-0.6)

Fleshyprotrusion L 1 0.12 0-1 (0-5.3)
F 1 o.01 0-1 (0-0.6)

EYES
Bulgedepressed L 3 0.37 0-1 (0-5.3)

F 3 0.04 0-1 (0-0.6)
Eyelidsopen L 1 0.12 0-1 (0-5.9)

F 1 0.01 0-1 (0-0.7)

SNOUT
Short L 2 0.24 0-1 (0-5-9)

F 2 0.03 0-1 (0-0.7)

TONGUE
Protrudes L 1 0.12 0-1 (0-5.3)

F 1 0.01 0-1 (0-0.6)

BODY
UmbilicalHemia L 9 1.10 0-2 (0-50.0)

F 10 0.14 0-3 (0-12.0)
Edema L 1 0.12 0-1 (0-5.3)

F 1 0.01 0-1 (0-0.6)

L:LITTER INCIDENCE
F:FETAL INCIDENCE
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SUMMARY OF FETAL GROSS EXTERNAL ALTERATIONS
NZW RABBITS

ALTERATION RANGE/STUDY
N % N %

BODY(CONT.)
skindiscolored L 1 0.12 0-1 (0-5.3)
purple F 3 0.04 0-3 (0-1.9)
Spina bifida L 2 0.24 ()-1 (0-20.0)

F 2 0.03 D-1 (0-1-9)
Hemorrhagicarea(s) L 2 0.24 0-1 (0-5.0)

F 2 0.03 0-1 (0-0-6)
Meningocele L 2 0.24 0-1 (0-16.7)

F 2 0.03 0-1 (0-2.0)
HematDma L 1 0.12 0-1 (0-5.9)

F 1 O.Oj 0-1 (0-0.8)

Dark redareas L 1 0.12 0-1 (0-5.6)
F 1 0.01 0-1 (0-0-6)

FORELIMBS AND/OR HINDLIMBS
Paw(s):Flexed/ L 2 0.24 0-1 (0-5.6)
Rotated F 2 0.03 0-1 (0-0.6)

Paw: Shortdigits L 1 0.12 0-1 (0-5.6)
F 1 o.ol 0-1 (0-0.7)

Limb(s):Rotated L 2 0.24 0-1 (0-16.7)
F 2 0.03 0-1 (0-1-9)

Limb(s):Absent L 1 0.12 0-1 (0-5.3)
F 1 0.01 0-1 (0-0.6)

TAIL
Short L 7 0.86 0-1 (0-20.0)

F 10 0.14 0-4 (0-2.3)

L:LITTER INCIDENCE
F:FETAL INCIDENCE
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SUMMARY OF FETAL SOFT TISSUE ALTERATIONS
NZW RABBITS

PERIOD JANUARY 1996-JANUARY 1998
STUDIES 38
LITTERS EXAMINED 674
FETUSES EXAMINED 5739

ALTERATION RANGE/STUDY
N % N %

BRAIN
Dilatedlateralventricles L 2 0.30 0-1 (0-5.0)
(Moderate)(Grade2) F 2 0.03 0-1 (0-0.6)

EYE(S)
Circumcomeal hemorrhage L 20 2.97 0-2 (0-16.7)

F 21 0.36 0-3 (0-1.9)
Microphthalmia L 1 0.15 0-1 (0-5.0)

F 1 0.02 0-1 (0-0.6)

HEART
Large L 1 0.15 0-1 (0-5.9)

F 1 0.02 0-1 (0-0.6)
Three ventricles L 1 0.15 0-1 (0-5.9)

F 1 0.02 0-1 (0-0.6)

VESSELS
Persistenttruncus L 1 0.15 0-1 (0-5.0)
arteriosis F 1 0.02 O@-1 (0-0.6)
Innominate,absent L 1 0.15 0-1 (0-5.3)

F 1 0.02 0-1 (0-0.7)
Two pulmonaryarteries L 1 0.15 0-1 (0-5.9)

F 1 0.02 D-1 (0-0.6)

LUNGS
One ormore lobes,parual L 69 10.24 0-5 (0-27.8)
orcompleteagenesis F 90 1.57 0-9 (0-5.0)
Rightapicaland cardiac L 1 0.15 0-1 (0-5.3)
lobesfused F 1 0.02 0-1 (0-0.6)

DIAPHRAGM
Hemia L 1 0.15 0-1 (0-5.0)

F 1 0.02 0-1 (0-0.6)

L:LITTER INCIDENCE
F:FETAL INCIDENCE
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SUMMARY OF FETAL SOFT TISSUE ALTERATIONS
NZW RABBITS

ALTERATION RANGE/STUDY
N % N %

KIDNEY(S)
Absent L 1 0.15 0-1 (0-5.6)

F 1 0.02 0-1 (0-0.6)
Displacedcaudally L 1 0.15 0-1 (0-4.3)

F 1 0.02 0-1 (0-0.5)

SPLEEN
Pale L 1 0.15 0-1 (0-7-1)

F 1 0.02 0-1 (0-0-9)

GONADS
Righttestisdisplaced L 1 0.15 0-1 (0-5.9)
caudally F 1 0.02 0-1 (0-0.6)

L:LITTER INCIDENCE
F:FETAL INCIDENCE
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SUMMARY OF FETAL SKELETAL ALTERATIONS

NZW RABORTS

PERIOD JANUARY 1996 -JANUARY 1998

# STUDIES 37

# LRTTERS EXAMINED 668

# FETUSES EXAMINED 5684
OF

STUDIES

ALTERATIONS RANGE /STUDY WITH

SKULL N % N % ALTERATION

Summarizabon ofallirregularL lg5 27.eg 0-11 (0-66.7) 35

oufficationofskull F 237 4.17 0-17(0-9.8)

AnteriorFontansile
irregularlyshaped L 1 0.15 0-1(0-5.3) 1

F 1 0.02 0-1 (0-0-5)

PosteriorFontenelle

Enlarged(Slight) L 1 0.15 0-1 (0-5.3) 1

(Grade1) F 1 0.02 0-1 (0-0.6)

Frontals
irregularsuture L 18 2.69 0-3 (0-16.7) 13

F 20 0.35 0-3 (0-1-8)

interfrontalspresent L 17 2.54 0-3 (0-15-0) 13

F 17 0.30 0-3 (0-1.7)

Fused L 5 0.75 0-2 (0-10.5) 4

F 5 0.09 0-2 (0-1-1)

Two segments L 1 0.15 0-1 (0-5.9) 1

F 1 0.02 0-1 (0-0.7)

Suturelarge L 1 0.15 0-1 (0-5.0) 1

F 1 0.02 0-1 (0-0.6)

Small L 1 0.15 0-1 (0-5.3) 1

F 1 0.02 0-1 (0-0.6)

Parietal(s)
:Containholes L 3 0.45 0-1 (D-5-6) 3

F 3 0.05 0-1 (0-0.6)

:Fused and small L 1 0.15 0-1 (0-5.3) 1

F 1 0.02 0-1 (0-0.6)

:interparietals L 1 0.15 0.1 (0-5.3) 1

irregulartyshaped F 1 0.02 0-1 (0-0.5)

:lnterparistalsincom- L 1 0.15 0-1 (0-16.7) 1

pletelyossffied F 1 0.02 0-1 (0-1.9)

L:LITTER INCIDENCE
F:FETAL INCIDENCE
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SUMMARY OF FETAL SKELETAL ALTERATIONS
NZW RABBITS

# OF
STUDIES

ALTERATIONS RANGE /STUDY WITH

SKULL (CONT.) N % N % ALTERATION

Nasals
:irregularsubire L 4 0.60 0-2 (0-10-0) 3

F 4 0.07 0-2(0-12)

:lntemasais L 26 3.89 0-3 (0-15.8) is
F 29 0.51 0-4 (0-2.3)

lntranssals L 16 2.40 0-2 (0-16.7) 13

F 16 0.28 0-2(0-1.9)

Displacedsuture L 116 17.36 0-8 (0-40.0) 34

F 129 2.27 0-9 (0-5.2)

Fused L 10 1.50 0-2(0-10-0) 9

F 11 0.19 0-2(0-1.3)
Small L 1 0.15 0-1(0-5.0) 1

F 1 0.02 0-1(0-0.6)

Nasal/Fmntalsutures: L 12 1.80 0-2(0-11-1) 9

irregularand/ormisaligned F 13 0.23 G-3 (0-1.9)

Promaxillae:fused L 1 0.15 0-1 (0-5.9) 1

F 1 0.02 0-1 (0-0.7)

Promaxillae:notossified L 1 0.15 0-1 (0-5.0) 1

F 1 0.02 0-1 (0-0.6)

Maxillae:fused L 1 0.15 0-1 (0-5.3) 1

F 1 0.02 0-1 (0-0.6)

Supraoccipitals:irregularly L 1 0.15 0-1 (0-5.3) 1

shaped F 1 0.02 0-1 (0-0.5)

Eye socket.small L 2 0.30 0-1 (0-5.0) 2

F 2 0.04 0-1 (0-0.6)
Skull:extraossification L 1 0.15 0-1 (0-5.6) 1

F 1 0.02 0-1 (0-0.6)

HYOID

Ala(e),angulated L 108 16.17 0-8 (0-40.0) 34
F 137 2.41 0-18 (0-9-9)

Small L 1 0.15 0-1 (0-5.3) 1

F 4 0.07 0.4 (0-2.4)

Irregularlyshaped L 1 0.15 0-1 (0-5.3)

F 1 0.02 0-1 (0-0.6)

L:LRMR INCIDENCE
F:FETAL INCIDENCE
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SUMMARY OF FETAL SPELETAL ALTEmnoNs
NZW RABBITS

# OF
STUDIES

RANGE /STUDY WITH

ALTERATIONS N % N % ALTERATION

VERTEBRAE
CANViC8l

Contrum, unDaWal L 2 030 0-1 (0-5.6) 2
ossification F 2 0.04 0-1 (0-0.7)

Ardws and/orContra. L 3 0.45 0-1 (0-5.6) 3

fww F 3 0.05 0-1 (0-0.7)

Hemivertabra L 3 OA5 0-1 (".9) 3

F 3 0.05 0-1 (0-0.6)

Contrum, asymmetric L 1 0.15 0.1 (0-5.6) 1

F 1 0.02 0-1 (0-0.7)

Contra,bifid L 1 0.15 0-1 (0-5.3) 1

F 1 0.02 0-1 (0-0.6)

Thoracic
:Hemivertebra L 10 1.50 0-1 (".g) 10

F 11 0.19 0-2(0-1.1)

:Arches and/orContra, L 5 0.75 0-2 (0-10-5) 4

fused F 6 0.10 0-2 (0-1.2)

:Centrum, unilateral L 5 0.75 0-1 (0-5.3) 5

ossification F 5 0.09 0-1 (0-0.6)

:centra,one ormore L 1 0.15 0-1 (0-5.6) 1

asymmetric F 1 0.02 0-1 (0-0.6)

:Centrum, bifid L 4 O-W 0-2 (0-10-5) 3

F 4 0.07 0-2 (0-1.2)

:Contra,notOSSiflOd L 1 0.15 0-1 (0-4.5) 1

F 1 0.02 0-1 (0-0.6)

:Arch,absent L 1 0.15 0-1 (0-5.6) 1

F 1 0.02 0-1 (0-0.6)

Arch,small L 3 OA5 0-1 (0-5.9) 3

F 3 0.05 0-1 (0-0.8)

Lumbar
:Hemivertebra L 2 0.30 0-1 (0-5.9) 2

F 2 0.04 0-1 (0-0.8)

:Centrum, unilateral L 1 0.15 0-1 (0-5.0) 1

ossification F 1 0.02 0-1 (0-0-6)

:Arch,small L 2 0.30 0-1 (0-5.0) 2

F 2 0.04 0-1 (0-0.6)

:Contrum, notossified L 1 0.15 0-1 (0-5.0) 1

F 1 0.02 0-1 (0-0.6)

L:LITTER INCIDENCE
F:FETAL INCIDENCE
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SUMMARY OF FETAL SPELETAL ALTERATIONS
NZW RABBITS

# OF

STUDIES

RANGE /STUDY WITH

ALTERATIONS N % N % ALTERATION

VERTEBRAE(CONT.)
sacrai

Arches open L 1 0.15 0-1 (0-5.3) 1

F 1 0.02 ()-l(0-0.5)

Caudal
One ormore L 30 4.49 0.3 (0-16.7) 24

n-isaligned F 31 0.54 0-3 (0-2.0)

:Fused L 8 1.20 0-1 (0-5.6) 8

F 10 0.18 0-3 (0-1-6)

11 present L 1 0.15 0-1(0-4.3) 1

F 1 0.02 0-1 (0-0.5)

12 present L 1 0.15 0-1 (0-4.3) 1

F 2 0.04 0-2 (0-1-0)
13 to14 present L 3 OAS 0-1 (0-5.6) 3

F 3 0.05 0-1 (0-0.6)

15 present L 1 0.15 0-1 (0-4.3) 1

F 1 0.02 0-1 (0-0.5)

irregularlyshaped L 1 0.15 0-1 (0-5.0) 1

F 1 0.02 0-1 (0-0.6)

VERTEBRAE/RIB

interrelatedVertebral Rib L 3 0.45 0-3 (0-15.8) 1

malformations F 3 0.05 0-3 (0-1.6)

RIBS

CervicalPjbpresent L 2 0.30 0-1 (0-5.6) 2

F 2 0.04 0-1 (0-0.6)

Two ormre, fused L 6 0.90 0-2 (0-10-5) 5

F 6 0.10 0-2 (0-1.2)

Bases pmximate L 10 1.50 0-2 (0-9-1) 9

F 10 0.18 0-2 (0-1-1)

one ormore, split L 8 1.20 0-1 (0-5.6) 8

F 8 0.14 0-1 (0-0.6)

One ormore, thickenedareas L 27 4.04 0-3 (0-16-7) 19

F 29 0.51 0-3 (0-2.2)

Flat L 2 0.30 0-1 (0-5.6) 2

F 2 0.04 0-1 (D-0.6)

L:LITTER INCIDENCE

F:FETAL INCIDENCE
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SUMMARY OF FETAL SPELETAL ALTERATIONS

NZW RABBITS
0 OF
STUDIES

RANGE /STUDY WTRH.
ALTERATIONS N % N % ALTERATION

F;UBS(CONT.)
Extrarib L 1 0.15 0-1 (0-4.3) 1

F 1 0.02 0-1 (0-0.5)

Small L 2 0.30 0-1 (0-5.9) 2

F 2 0.04 0-1 (0-0.6)

Broad L 1 0.15 0-1 (0-5.9) 1

F 1 0.02 0-1 (0-0.8)

Bent L 1 0.15 10-1 (04.5) 1

F 1 0.02 0-1 (0-0.6)

MANUBRIUM

Duplicated L 1 0.15 D-1 (0-5.9) 1

F 1 0.02 0-1 (0-0.7)

Fused L 3 0.45 0-2 (0-10.5) 2

F 3 0.05 0-2 (0-1-1)

STERNEBRAE

Two ormore, fused L 64 9.58 0-5 (0-27.8) 31
F 78 1.37 0-7 (0-3.9)

One ormore, asymmetric L 6 0.90 0-2 (0-10-5) 5
F 6 0.10 0-2 (0-1.2)

One ormore, incompletely L 11 1.65 0-2 (0-10.5) 9

ornotossified F 11 0.19 0-2 (0-1.2)

Duplicated L 1 0.15 0-1 (0-5.9) 1
F 1 0.02 0-1 (0-0.7)

PELVIS

Pubis(es):incompletely L 4 0.60 0-1 (0-5.9) 4

ornotossified F 5 0.09 0-2 (0-1-1)

SCAPULAE

Ala(e):irregularly L 4 0.60 0-2 (0-10.5) 3

shaped F 4 0.07 0-2 (0-1.2)

Ala(e):wavy L 1 0.15 0-1 (0-5.3) 1

F 1 0.02 0-1 (0-0.6)

L: LRTTER INCIDENCE
F:FETAL INCIDENCE
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SUMMARY OF FETAL SKELETAL ALTMTIONS
NZW RABBITS

# OF
STUDIES

RANGE /STUDY WITH

ALTERATIONS N % N % ALTERATION

SCAPULAE (CONT.)

Misaligned L 5 0.75 0-2(0-10.5) 4
F 5 0.09 0-2(0-12)

Bent L 1 0.15 0-1(()-5.0) 1

F 1 0.02 0-1 (0-0.6)

FORELIMB(S)

I Phalanxpresent L 1 0.15 0-1 (0-5.6) 1
F 1 0.02 0-1 (0-0.7)

0 Phalangespresent L 1 0.15 0-1 (0-5.6) 1
F 1 0.02 0-1 (0-0.7)

Humerus, Radius,Ulna,
Carpals,Metacarpals,FORG-
digitsand Forephalanges L 1 0.15 0-1 (0-5.3) 1

absent F 1 0.02 0-1 (0-0.6)

L:LITTER INCIDENCE
F:FETAL INCIDENCE
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Argus ResearchLaboratories,Inc.riPM,WDICA 905 Sheehy Drive,BuildingA
Horsham, PA 19044

Telephone:(215)443-8710
Telefax:(215)443-8587

PROTOCOL 418-012: ORAL (STOMACH TUBE) DEVELOPMENTAL
TOXICITY STUDY OF PFOS IN RABBITS
SPONSOR'S STUDY NUMBER: 8295.10

STATEMENT OF THE STUDY DIRECTOR

Thisfinalreportaccuratelyreflectstheraw dataobtainedduringtheperformance
ofthestudy.No significantdeviationsfrom theU.S.Food and Drug
Administration(FDA) Good LaboratoryPracticeRegulations;FinalRulea,the
Japanese Ministryof Healthand Welfare(MHW) Good LaboratoiyPractice
StandardforSafetyStudieson Drugsband theEuropean Economic Community
(EEC) Councildecisionon 28 July1989 on theacceptanceby theEuropean
Economic Community ofan OECD decisionlrecommendationon compliancewith
principlesofgood laboratorypractic6coccurredthataffectedthequalityor
integrityofthestudy.

a ond G. Yor Ph DAB Date
Aq-- ---'enorecto esearch
and Study Director

a. U.S.Food and Drug Administration.Good LaboratoryPractice
Regulations;FinalRule. 21 CFR Part58.

b. Japanese Ministryof Health and Welfare (1988). Good Laboratory
Practice Standard forSafety Studies on Drugs, MHW Ordinance
Number 21, March 26, 1997.

laxc;
Ae

C. European Economic Community (1989). Councildecisionon 28 July
1989 on theacceptance by theEuropean Economic Community ofan
OECD decisionlrecommendation on compliance withprinciplesofgood
laboratorypractice.OfficialJournalofthe European Communities:
Legislation.32(No.L 315;28 October):1-17.
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Argus Research Laboratories,Inc.@JPRMEDICA 905 Sheehy Drive,BuildingA
Horsham, PA 19044

Telephone: (215)443-8710
Tolefax:(215)443-8587

QUALITY ASSURANCE UNIT FINAL REPORT STATEMENT

StudyDirector:Raymond G. York,Ph.D.,DABT

ExecutiveDirectorofResearch: MildredS. Christian,Ph.D.,Fellow,ATS

Protocol418-012: Oral(Stomach Tube) DevelopmentalToxicityStudy ofPFOS
inRabbits
Sponsors Study Number: 6295.10

The draftprotocolforthisstudywas auditedforadherence toU.S.Food
and Drug Administration(FDA) Good LaboratoryPracticeRegulations,Japanese
MinistryofHealthand Welfare(MHW); Good LaboratoryPracticeStandardfor
SafetyStudieson Drugs,and European Economic Community (1989)council
decisionon 28 July1989 on theacceptance by theEuropean Economic
Community ofan OECD decision/recommendationon compliancewithprinciples
ofgood laboratorypracticeon 10 AUG 98.

Criticalphases ofthisstudywere inspectedfivetimes;studyinformation
and raw datawere auditedtwice(seetables1 and 2 fordatesand phases/data).

The draftfinalreportand theraw dataforthisstudy[exceptfor
Appendix F,thePilotReport,which was conducted inthespiritofGood
LaboratoryPractice(GLP)]were compared and auditedforaccuracy,for
adherence toprotocolrequirements,and foradherence to U.S.Food and Drug
Administration(FDA) Good LaboratoryPracticeRegulations,Japanese Ministry
ofHealthand Welfare(MHW); Good LaboratoryPracticeStandardforSafety
Studieson Drugs,and European Economic Community (1989)councildecision
on 28 July1989 on theacceptance by the European Economic Community ofan
OECD decision/recommendationon compliancewithprinciplesofgood
laboratorypracticebetween 04 DEC 98 and 17 DEC 98,forrevisionsrequested
by theSponsor 23 DEC 98,and forfinalizationon 11 JAN 99.
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ThisstudywasconductedaccordingtoU.S.FoodandDrug
Administration(FDA)GoodLaboratoryPracticeRegulations,JapaneseMinistry
ofHealthandWelfare(MHW);GoodLaboratoryPracticeStandardforSafety
StudiesonDrugs,andEuropeanEconomicCommunity(1989)councildecision
on28July1989ontheacceptancebytheEuropeanEconomicCommunityofan
OECD decision/recommendationoncompliancewithprinciplesofgood
laboratorypractice.

- - /

BarbaraJ. erson,B.A. Date HeatherL.Rabuftino,M.S. Date
Directorof0 rations QualityAssuranceSupervisor
andCompliance andPrincipalAuditor

@B araJ,e@o n,B.,A
r@ rsD
ctor0 0 io s

irer rat
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TABLE 1

CRITICAL PHASES INSPECTED

TestArticleAdministration-Gavage

Date ofinspection:25 AUG 98

Date resultsreportedtotheStudy Directorand Management: 12 SEP 98

TestArticlePrel2aration

Date ofinspection:04 SEP 98

Date resultsreportedtotheStudy Directorand Management: 12 SEP 98

Blood Collection

Date ofinspection:10 SEP 98

Date resultsreportedtotheStudy Directorand Management: 10 SEP 98

Caesarean-Sectioning

Dates ofinspection:10 SEP 98,18 SEP 98

Dates resultsreportedtotheStudy Directorand Management:
10 SEP 98,24 SEP 98
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TABLE 2

RAW DATA AUDIT(S)

The followingstudyinformationand raw datawere audited
on 12 OCT 98:

Vehiclereceipt,preparationand use.
Testarticlereceipt,preparationand use.
Testarticlepackinglists.

The resultsofthisauditwere reportedtotheStudy Directorand
Management on 13 OCT 98.

The followingstudyinformationand raw datawere audited
on 13 OCT 98:

Protocol.
Protocolamendments.
Listofpersonneland computeroperatorcodes.
Errorcodes and codes forclinicalsignobservations.
Animal receipt,randomization,and acclimation.
Veterinaryexamination.
In-lifetransactionrecord.
Feed consumption.
Caesarean-sectioning.
Maternalgrossobservations.
Fetalgross observations.
Fetalfixativeassignment.
Fetalvisceralexamination.
Fetalskeletalexamination.
Necropsy.
Organ weights.
Tissuepacking lists.
General comments.
Study maintenance records.
Tempscribes.
Feed and water analyses.
Editrequests.
Dosage volumes.
Deviations.
Data reviewpage.
Blood collection.

The resultsofthisauditwere reportedtotheStudy Directorand
Management on 14 OCT 98.



CorporateHealthPhysics 3M Center,220-2E-02
CorporateOccupationalMedicine PO Box 33220
CorporateProductResponsibility St Paul,MN 55133-3220

CorporateToxicology 651733 1110
3M MedicalDepartment

An Epidemiologic Investigationof ClinicalChemistries,Hematology and Hormones
in Relationto Serum Levelsof PerfluorooctaneSulfonateinMale Fluorochemical
Production Employees

Followingreportsof thefindingof organicfluorineinserasamples,a fluorochemical

medical surveillanceprogram began at3Ms Decatur manufacturingfacilityinthelate

1970's.The surveillanceprogram hasgenerallyconsistedofannual or biannualtestsof

clinicalchemistries,pulmonary function,blood countsand a biomonitorof

fluorochemicalexposure.A totalorganicfluorinemeasurement was routinelydone until

1993. This measures theamount of fluorinethatwas covalentlybound to carbon inthe

serum sample. When testdatawere available,a company physicianreviewed each

employee'sresults.These physiciansdidnot and have not,found abnormalitiesin

individualsthattheyfeltwere relatedtofluorochemicalexposure.Thatis,medical

conditions,medicationsand lifestylefactorsadequatelyexplainedthelaboratory

abnormalities(which one expectstofindinthistypeofprogram.)

Beginning in 1994,the3M Decatur(Alabama) plantmedicalsurveillanceprogram

incorporateda serum measurement of perfluorooctanesulfonate(PFOS) and

perfluorooctanoate(PFOA). Totalorganicfluorinewas notmeasured. A formalreport

was writtenof theaggregateanalysesconducted of themedical surveillanceclinical

program datafortheDecatur (Alabama) and Antwerp (Belgium)employees who

voluntarilyparticipatedin 1994,@1995and 1997. The findingsfrom thisaggregate



analysissuggestedthat,among theseparticipatingAntwerp and Decatur male

fluorochemicalproductionemployees,significanthematological,clinicalchemistryand

hormonal abnormalitieswere not associatedwith serum PFOS levelsup to 6 ppm. Itwas

notpossibleto deriveinferencesfrom thefew employees with serum PFOS levels> 6

ppm. Limitationsofthisstudyincludeitscross-sectionaldesign,thevoluntary

participationrates,thefew subjectsexposed atthehighestlevels,and thelower levelsof

serum PFOS measured among theseemployees compared tothose estimatedtocause

effectsinlaboratoryanimals.Resultsofthehepaticand lipidclinicalchemistrytests

were publishedintheJournalof Occupationalcmd EnvironmentalMedicine

(1999;41:799-806).In theSpringof 2000, medicalsurveillancewillagainbe offeredto

3M fluorochemicalproductionemployees attheAntwerp and Decatur manufacturing

sites.
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An EpidemiologicInvestigationof

ClinicalChemistries,Hematology and Hormones inRelationtoSerum Levelsof

PerfluorooctaneSulfonateinMale FluorochemicalProductionEmployees

Geary W. Olsen,D.V.M., Ph.D.

JeanM. Burris,R.N.,M.P.H.

JeffreyH. Mandel,M.D., M.P.H.

LarryR. Zobel,M.D.,M.P.H.

MedicalDepartment,3M Company, 220-3W-05, St.Paul,MN 55144
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ABSTRACT

3M manufacturesproductswhich containchemicalcompounds, eitheras

intentionalcomponents orresidualimpurities,thathave asa parentmolecule,

perfluorooctanesulfonylfluoride.These chemicalsinclude:perfluorooctanesulfonate

(PFOS),N-ethylperfluorooctanesulfonamide,N-ethylperfluorooctanesulfonarnido

ethanol,N-methylperfluoroctanesulfonamidoethanoland chemicalsderivedfrom it,and

themixtureofmono-, di-and tri[N-ethylperfluorooctanesulfonamidoethyl]phosphates.

There may be otherprecursorsintheworkplace.These moleculesentera number of

productapplications(e.g.,surfactants,foodpackagingadditives,polymers).These

compounds may be expectedtotransformmetabolically,toan undetermineddegree,to

PFOS asan end-stagemetabolite.Potassiumperfluorooctanesulfonate(C8Fl70SO2K@)

is,itself,a surfactantused asa wettingand foaming agentinindustrialand commercial

processes.

Subchronicstudiesinratsand primatessuggesttheremay be a potentialfor

cumulativetoxicitywithPFOS overtimewiththeprimaryeffectrelatedtometabolic

wasting.Althoughthemechanism oftoxicityisnotfullyunderstood,toxicitymay be

due toan effecton peroxisomeproliferation,fattyacidmetabolism,membrane function,

proteinsynthesisand/ormitochondrialbioenergetics.

Niedicalsurveillancehasbeen routinelyperformedon 3M fluorochemical

productionworkers(inDecatur,Alabama and Antwerp,Belgium)withpotentialexposure

toPFOS and/ortoperfluorinatedprecursorsthatmay metabolicallydegradetoPFOS.

The purposeofthisstudywas toprovidean analysisof thehematology(hematocrit,

hemoglobin,redblood cells,whitebloodcellsand plateletcount),clinicalchemistries
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(alkalinephosphatase,gamma glutamyltransferase,aspartateaminotransferase,alanine

aminotransferase,totaland directbilirubin,blood ureanitrogen,creatinine,glucose,

cholesterol,low densitylipoproteins,highdensitylipoproteinsand triglycerides)and

hormonal parameters(cortisol,dehydroepiandrosteronesulfate,estradiol,follicle

stimulatinghormone, 17-alphahydroxyprogesterone,luteinizinghormone,prolactin,sex

hormone bindingglobulin,freetestosterone,bound testosterone,and thyroidstimulating

hormone) inrelationtoserum PFOS asdeterminedby highperformanceliquid

chromatographymass spectrometrymethods.These relationshipswere assessedin

fluorochemicalproductionemployeesfrom two timeperiods,1995(N = 178)and 1997

(N = 149).

Descriptivesimpleand stratifiedanalyses,Pearsoncorrelationcoefficients,

analysisofvarianceand multivariableregressionwere used toevaluateforpossible

associationsbetween PFOS andeach hematologicaland clinicalchemistrytestand

hormonalassay. Age, body mass index,currentalcoholconsumption(drinksperday)

and cigaretteuse (cigarettessmoked perday)were potentialconfoundingfactorsthat

were consideredintheanalyses.Multivariableregressionmodels were fittedwith PFOS

analyzedasa continuousvariableusinglinearaswellasnon-lineartransformationsin

ordertomaximize thepossibilityoffindingassociationsbetweenPFOS and the

parametersofinterest.

Four categorizationsofserum PFOS levelswere assessedinrelationtothe

responsevariables:0 - < I ppm; I -< 3 ppm; 3 - < 6 ppm; and > 6 ppm. In 1995,mean

serum PFOS levelsby categorywere 0.49ppm, 1.82ppm, 4.12ppm and 8.17ppm,

respectively.In 1997,mean serum PFOS levelsby categorywere 0.52ppm, 1.78ppm,
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3.87ppm and 7.20ppm, respectively.For bothyears,95 percentoftheemployees'

serum PFOS levelswere below 6 ppm. Although thetwo plantpopulationsdifferedby

age,body mass indexand alcoholconsumption,no consistentassociations,by bothplant

locationsand year,were observedbetween theclinicalchemistries,hematology and

hormone parametersand theemployees'serum PFOS levels.

The findingsfrom thisstudysuggestthat,among theseAntwerp and Decaturmale

fluorochemicalproductionemployees,significanthematological,clinicalchemistryand

hormonal abnormalitiesarenotassociatedwith serum PFOS levelsup to6 ppm. Itisnot

possibletodeiiveinferencesfrom thefew employees withserum PFOS levels> 6 ppm.

Limitationsofthisstudyincludeitscross-sectionaldesign,thevoluntaryparticipation

rates,thefew subjectsexposed atthehighestlevels,and thelowerlevelsofserum PFOS

measured among theseemployees compared tothosethatcausedeffectsinlaboratory

animals.
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INTRODUCTION

3M manufacturesproductswhich containchemicalcompounds, eitheras

intentionalcomponents orresidualimpurities,thathave asa parentmolecule,

perfluorooctanesulfonylfluoride.These chemicalsinclude:perfluorooctanesulfonate

(PFOS),N-ethylperfluorooctanesulfonamide,N-ethylperfluorooctanesulfonamido

ethanol,N-methyl perfluoroctanesulfonamidoethanoland chemicalsderivedfrom it,and

themixtureofmono-, di-and tri[N-ethylperfluorooctanesulfonamidoethyl]phosphates.

There may be otherprecursorsintheworkplace.These moleculesentera number of

productapplications(e.g.,surfactants,foodpackagingadditives,polymers).These

compounds can be expectedtobe transformedmetabolically,toan undetermineddegree,

toPFOS asan end-stagemetabolite[Gibsonetal.,1983].Potassiumperfluorooctane

sulfonate(C8Fl70SO2K) is,itself,a surfactantusedasa wettingand foamingagentin

industrialand commercial processes.

Potassiumperfluorooctanesulfonateisreadilyabsorbedby ingestion[Johnson

and Ober,1979;O'Malley and Ebbens,19801. Ninetyfivepercentofa singleoraldose

of [14C] PFOS administeredtomale ratswas absorbedwithin24 hours[Johnsonand

Ober, 1979].

Aftera single,24-houroccludeddermal exposuretoPFOS ata doseof5000

mglkg,totalserum organicfluorineconcentrationswere 10.3and 0.9ppm formale and

femalealbinorabbits,respectively[O'Malleyand Ebbens,19801. Twenty eightdays

afterdosing,totalserum organicfluorineconcentrationshad risento130.2and 128.0

ppm formale and femalealbinorabbits,respectively.On theotherhand,no quantifiable
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organicfluorinecouldbe detected28 daysaftera single,24 hour occludeddermal

exposuretoa 0.06% solutionofPFOS inwateratdosesof0,0.003,0.06,and 0.3mg

PFOS solution/kg,respectively,to3 male and 3 femalealbinorabbitsperdose group

[Glaza,1995].

Once inthebody,PFOS concentratesprimarilyintheliverofrats[Johnsonetal.,

19791.Eighty-ninedaysaftera singleintravenousdose (mean 4.2mgtkg)of

radiolabeledPFOS, mean tissueconcentrations(ggPFOS equivalent/gtissue)were:

liver,20.56;plasma,2.21;kidney,1.09;lung,1.06;spleen,0.51;bone marrow, 0.46;red

bloodcells,0.45;adrenals,0.41;testes,0.36;skin,0.35;muscle,0.29;subcutaneousfat,

0.20; eye,0.16;abdominalfat,< 0.08;and brain,< 0.05. Johnson etal.[1979]observed

that30.2percentofthedose 89 daysafteradministrationhad been excretedintheurine

and 12.6percentinthefeces. Analysesoftheurine,fecesand tissueshave suggested

thatPFOS isnotmetabolized[Johnsonetal.,1984]. The plasma half-lifewas calculated

tobe 7.5daysaftera singleoraldoseofradiolabeledPFOS (mean dose,4.2mg/kg) in

solutiontothreemale rats[Johnsonand Ober, 1979].

There appearstobe significantenterohepaticcirculationofPFOS with both

urinaryand fecalexcretion[Johnsonetal.,1979;1980;1984].Inmale rats,

cholestyramineadministeredinthefeeddecreasedtheretentionofradiolabeledPFOS in

liver,plasma,and redbloodcells,3.8,7.7and 6.0fold,respectively,and increasedits

eliminationviafeces9.5foldaftertheratswere givenintravenousradiolabeledPFOS

(mean dose,3.4mg/kg) [Johnsonetal.,1980;1984]. Therewas a lowerclearancerate

of 14C intheurinecompared tocontrolanimalsbecauseoftheincreasedrateoffecal

elimination.Cholestyramineisa bileacidsequestrantthatactsby bindingbileacidsin
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theintestinaltract.Thisreducesbileacidresorptionanditsreturntotheliver.Decreased

flowof bileacidsintheenterohepaticcirculationresultsinincreasedconversionof

hepaticcholesterolintobileacids.Thisresultsina declineinhepaticcholesterol

concentrationand thestimulationoflow densitylipoprotein(LDL) receptorsynthesis,

which subsequentlyproducesa declineinserum LDL cholesterollevels.

Upon acuteexposure,PFOS was moderatelytoxicby oraladministration[Gabriel,

1976;Dean etal.,1978;Rusch and Rinehart,1979],butnotdermal[O'Maey and

Ebbens, 1980]. There havebeen two acuteoraltoxicitystudiesreported[Gabriel,1976;

Dean etal.,1978]. Inthemore recentstudyPFOS was suspendedina 20% acetone/80%

com oilmixtureand administeredorallyby gavagelevelsto5 male and 5 femaleratsper

group atthefollowingdosages:100,215,464 and 1000 mg/kg [Dean etal.,1978].

Animals were observedfor14 days.The acuteoralLD50 values(95% confidencelimits

inparentheses)were male rats,233 (160-339)mgtkg;femalerats271 (200-369)mg/kg;

combined male and femalerats;251 (199-318)mgtkg. Clinicalsignsincludeddiarrhea,

hypoactivity,decreasedlimb tone,ataxia,cornealopacity,ptosis,piloerection,prostration

and tremors. Inthepreviousstudy,PFOS was administeredinwaterand theLD50 inthe

ratwas determinedtobe 1.25-2.50g/kg [Gabriel,1976].Gabriel'sresultsappeartobe

inconsistentwithsubsequenttoxicitystudies.

Inan acuteinhalationtoxicitystudy[Ruschand Rinehart,1979],a seriesofone-

hour inhalationexposuresinratsatexposureconcentrationsofPFOS at24.09,7.05,6.49,

4.88,2.86,1.89and 0.0mg/L produced 100 percentmortalityat.thehighestleveland

partialmortality(10-80%) atallotherPFOS levels.Observationsincludeddyspnea,

tremors,convulsions,hypersensitivity,hypoactivity,excessivesalivationand laciimation
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and generalpoorcondition.The LC50 was determinedtobe 5.2mg/L (95% CI = 4.4-

6.4mg/L).

PFOS hasbeen shown tobe a potentinducerofhepaticperoxisomesand fatty

acidbeta-oxidationintherat[Ikedaetal.,1987]and mouse [Sohleniusetal.,1993].

Afterfeedingmale ratsfortwo weeks witha powdered chow containing0.02% PFOS,

hepaticcatalase,fattyacyl-CoA,camitineacetyltransferaseand camitinepalmitoyl

transferaseincreasedby 1.74,4.90,6.84and 1.69fold,respectively,compared tocontrol

animals[Ikedaetal.,1987].PFOS alsoinducedcytochromeP450 activity.Male mice

administeredperfluorooctanesulfonicacidata concentrationof0.05% weight/weightin

thedietfor5 daysresultedinweightlossand increasedperoxisomalfattyacidbeta-

oxidation,peroxisomalcatalaseactivity,&2-hydroxylationoflauricacid,cytosolic

epoxidehydrolaseactivityand cytosolicDT-diaphoraseactivity[Sohleniuseta].,1993].

Haughom and Spydevold[1992]fed 0.02% perfluorooctanesulfonicacidinthe

dietfor7 - 14 daystomaleWistarratswhich resultedinincreasedliverweight,liver

triacylglycerol,liverfreecholesteroland decreasedlivercholesterolesteraswellas

decreasedserum cholesterolandtriacylglycerollevels.There was reducedcholesterol

synthesisfrom acetate,pyruvateand hydroxymethylglutaratebutno reductionin

synthesisfrom mevalonicacid inthehepatocytesfrom thetreatedrats.The activityof

liverhydroxymethylglutaricacid-Co-Areductase(IB4G-CoA) and acyl-CoAcholesterol

acyltransferase(ACAT) was reduced.Haughom and Spydevold[1992]suggestedthatthe

hypolipidemiceffectofperfluorooctanesulfonicacidmay be due todownregulationof

HMG-COA reductaseand ACAT withenhancedfattyacidoxidationintheliver.This

would subsequentlyreduceverylow densitylipoprotein(VLDL) productionby theliver.
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Recently,Nabbefeldetal.[1998]testedthehypothesisthatPFOS and other

fluorocompoundsmay actasperoxisomeproliferatorsby displacingfattyacidsfrom liver

fattyacidbindingprotein(L-FABP). 10 pM PFOS causeda 66 percentreductionofthe

fluorescentlylabeledfattyacidanalogll-(5-dimethylaminonapthalenesulfphonyl)-

undecanoicacidfrom L-FABP invitro.Comparable resultswere observedforbovine

serum albumin.These findingsdemonstratedthatPFOS hasa highaffinityforfattyacid

carrierproteinsand can displacetheendogenous ligand.

Resultsfrom threesubchronicstudieshave been reported[Goldenthaletal.,

1978a;1978b;1979].PFOS was fedinthedietofCharlesRiverCD ratsat0 (control),

30, 100,300,1,000and 3,000ppm for90 days[Goldenthaletal.,1978a]. At the300,

1,000and 3,000ppm dosage level,allratsdiedpriortoscheduledtermination.Toxicity

signsincludedemaciation,convulsions,ocularand anogenitaldischarges,increased

sensitivitytoexternalstimuliand reducedmotor activity.Bstopathologyshowed

compound-relatedlesionswhich includedhepatichypertrophyand necrosis,thymic and

splenicfollicularatrophy,bone marrow hypocellularityand atrophyofmesentericlymph

nodes,smallintestinalvilliand skeletalmuscle. Among the100 ppm dosegroup there

was weightloss,elevatedplasma creatininephosphokinase,alkalinephosphatase,blood

glucoseand blood ureanitrogen,decreasedhemoglobin,hematocrit,erythrocyteand

leukocytecounts,hepaticenlargementand necrosis,and stomachdiscolorationand

hemorrhage. Among the30 ppm dosegroup therewas weightloss,elevatedplasma

glutamate-pyruvatetransaminaseand plasma glutamateoxalacetatetransaminase,and

liverdiscoloration.
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Inasubchronic(90day)study[Goidenthaletal.,1979],twomaleandtwofemale

rhesusmonkeyspergroupreceived0(control),10,30,100and300mg/kg/dayofPFOS

by oralgavage. Allanimals(exceptcontrols)diedwithin20 daysand timingwas related

todosage. Monkeys treatedwith300 mgtkg/daydiedbetween thesecondand fourthday.

Monkeys treatedwith100 mgtkg/daydiedbetweenthe3d and 5h day. Monkeys treated

at30 mg/kg/daydiedbetweenthe7h and IOh day andthosetreatedat10 mg/kg/daydied

between theIIth and 20'hday ofthestudy.Signsoftoxicityateachdosage levelwere

comparableand includedanorexia,diarrhea,decreasedactivity,emesis,weightloss,

marked weakness,prostration,and generalbody tremors.There were no consistent

histopathologicchangeswithexposure.Adrenalchanges,includingcongestion,

hemorrhage and lipiddepletionoftheadrenalcortex,were observedinafldose groups.

An additionalsubchronicrhesusmonkey studywas subsequentlyinitiatedatmuch

lowerdosages[Goldenthal,1978b]. PFOS was administeredby oralgavage totwo male

and two femalemonkeys atdosagesof0,0.5,1.5or4.5mg/kg/dayfor90 days. Animals

treatedatthe4.5mg/kg/daydosage leveldiedorwere sacrificedinextremisby the

seventhweek withsignsofgastrointestinaltoxicitycomparabletothoseobservedinthe

previousrhesusmonkey studyby Goldenthaletal.[1978a].Also,inthe4.5mglkglday

dosegroup,mean serum cholesterollevelsdeclinedfrom 183mg/100 ml to99 within30

days.SGOT increasedfrom 36 to95 uA and alkalinephosphatasedecreasedfrom 1088 to

590 u/1. SGFIT remainedunchanged. lestopathologyshowed compound-related

marked diffuselipiddepletionoftheadrenalsaswellasdiffuseatrophyofthepancreatic

exocrinecells.Animals inthe0.5mgfkg/day and 1.5mg/kg/daydosagegroupssurvived

totheend ofthestudy. Occasionaldiarrhea,anorexiaand emesiswere observed.There
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was a decreaseinserum alkalinephosphataseand inorganicphosphateinthe 1.5

mgtkg/day group and a slightdecreaseinalkalinephosphataseinthe0.5mg/kgtday group

attheend of90 days.festopathologywas unremarkableinbothdosagegroups.

A no observableadverseeffectlevel(NOAEL) was notidentifiedfrom anyofthe

above threesubchronic(90day)studies.The resultsfrom thesethreesubchronicstudies

suggesttheremay be a potentialforcumulativetoxicityovertimewiththeprimarytoxic

effectrelatedtometabolicwasting.Thismay be due toan effecton peroxisome

proliferation,fattyacidmetabolism,membrane function,proteinsynthesisand/or

mitochondrialbioenergetics.

To date,thereareno dataregardingthechronictoxicityand carcinogenicityof

PFOS. PFOS was notobservedtobe mutagenicinseveralSalmonellatyphimurium

strainswithorwithoutmetabolicactivation[Jagannathand Brusic,1978]. PFOS was

negativeinan invivomouse bone marrow micronucleusassay[Murli,1996].

There have been two teratologystudiesconductedwithPFOS. Oral

administration,viacom oil,ofPFOS atdosesof0,1,5 and 10mg/kg/daytopregnantrats

duringdays6 - 15 of gestationresultedinfetuseswithwhat was initiallyreportedas

teratogenicchangesintheeye.[Gortneretal.,1980].These fetallensabnormalities

were subsequentlyinterpretedtobe artifactsofthetissuesectioningprocess.Maternal

body weightsinthehighdosegroupwere significantlyreducedbutno significant

treatment-relatedteratogenicorembryotoxiceffectswere reported.Inthesecond

teratologystudy,PFOS was administeredincom oilby oralgavagetogroupsof 25

pregnantratson days 6 - 15 ofgestationatdosesof0,1,5 and 10 mg/kg/day [Wetzelet

al.,1983].Matemal body weightsand foodconsumptionat5 and 10 mg/kg/daywere
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significantlyreducedcompared tothecontrolanimals. Two femaleratsinthehighdose

group diedbeforeday 20. Clinicalsignsinsurvivingdams includedhunching,thinness,

alopecia,rough haircoatand anorexia.Treatment-relatedeffects,primarilyoccurringin

thehighdose group,includedincreaseresorptionsand fetaldeath,decreasedfetalbody

weight,delayedskeletalossification,cleftpalate,subcutaneousedema and

cryptorchidism.

During thepast15 to20 yearstherehave been severalendeavorsdesignedto

ascertainthehealthand exposurestatusofworkersinvolvedwithfluorochemical

productionatthecompany's Decatur,Alabama and Antwerp,Belgium plants.Medical

surveillancehasbeen routinelyconductedoffluorochemicalproductionworkersatboth

plants.Medicalsurveillanceactivitiesanalyzedfortotalserumorganicfluorinelevels

untilthemid-1990'swhen serum PFOS determination,quantifiableby liquid

chromatographymass spectrometry,became incorporatedinthebiennialmedical

surveillanceexaminations.However, we areaware ofone occasionin1979 where the

serum of5 Decaturemployees was measured forPFOS by electroncapturegas

chromatographand microwave plasmadetectionmethods [CentralAnalyticalLaboratory,

1979].Totalserum organicfluorinelevelsforthesefiveemployeeswere 10.1,5.7,9.4,

11.8and4.lppm. The percentofPFOS foundwas 60%,70%,80%,55% and 65% of

thetotalserum organicfluorinelevels,respectively.In 1981,selectedclinical

chemistriesand hematology valuesofDecaturemployees inthechemicalplantwere

compared tothoseresultsofemployeesintheadjacent3M filmplant[Roach,1982;

Schuman, 1982].There wereno significantcorrelationcoefficientsbetween totalserum

organicfluorineand gamma glutamyltransferase,serum glutamicoxaloacetic
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transaminase,serum glutamicpyruvictransaminase,alkalinephosphatase,cholesterol,

hemoglobinorredbloodcounts.However,thisanalysiswas limitedinscope(nodose

responseanalysis),didnotanalyzespecificallyforPFOS, and didnotaccountforseveral

potentialconfoundingfactors.Anotherresearchinitiativeintothehealthstatusof

Decaturemployeeswas a retrospectivecohortmortalitystudy(1961 - 1991)conductedof

formerand currentemployees who hadworked atleastone yearattheDecaturplant

[Mandel andJohnson,1995].Vitalstatuswas determinedfor99.7% ofthe1,957cohort

members who had,worked inthechemicalandfilmplants.A totalof74 deathswere

identifiedcompared to117.7expected(U.S.rates).Among male employeeswho had

worked onlyintheDecaturchemicalplant,therewere 32 deathscompared to44.1

expected. There were no specificcausesofdeaththathad significantlyelevated

standardizedmortalityratios.Because ofitsmore recentconstructioninthe1970's,

therehasnotbeen a retrospectivecohortmortalitystudyconductedofemployees atthe

Antwerp plant.

The purposeofthisreportistoprovidean aggregateanalysisof the

hematological,clinicalchemistryand hormonal parameters,asmeasured inthemedical

surveillanceexaminationsofAntwerp and Decaturemployees intwo separatetime

periods,inrelationtotheworkers'serum PFOS levels.Although femaleemployeesalso

participatedinthesemedicalsurveillanceexaminations,theiractualnumbers were too

few to providemeaningfulstatisticalanalysis.

METHODS

PFOS Production
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PFOS productionbegan inAntwerp in 1976 and inDecaturin1961. Ingeneral,

perfluorinatedchemicals areproduced viaan electrochemicalprocess:a solutionof

organicsubstrateiselectrolyzedinanhydroushydrogen fluorideata low voltage(Simons

and Bryce,1954).Basically,theproductsof thiselectrolysiscellreactionarehighly

fluorinatedcompounds withtheend-product@efinedby thestartingmaterial.Products

manufacturedatthesetwo plantsinclude:ScotchgardTmbrand fiber,leatherand carpet

protector-,Ught WaterTm brand aqueous filmfonming foam (AFFF); ScotchbanTM paper

treatment;Kel-F7m brand plasticand FluorelTmbrand elastomers.

SubjectSelection

Generalmedical surveillanceoccursbienniallyforemployees atboth of these

plants.Participationisvoluntarywithapproximately100 Antwerp and 250 Decatur

employees eligibleforsurveillance.A totalof88 Antwerp employees participatedinthe

medicalsurveillanceexaminationsin theSpring,1995 and 90 Decatur employees

participatedintheFall,1994. IntheFallof 1997,a totalof 149 employees (Antwerp

65;Decatur= 84) participatedinmedicalsurveillanceexaminations.For purposesof

brevity,thesetime periodswillbe referredto as 1995 and 1997. Altogether,61

employees participatedinbothexaminationyears(1995 and 1997). Thislower number

was due to a largeturnoverof employees atbothplantlocationsduring1996-1997. For

each timeperiod thesurveillanceconsistedof a medicalquestionnaire,measurement of

height,weight and blood pressure,standardclinicalchemistryand hematology tests,and

determinationof serum PFOS levels.
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In 1995,severalhormones were alsoanalyzedfor male employees who were

judged a prioritohave had likelyPFOS exposure(i.e.,thoseworking inorinthe

immediatevicinityofthePFOS productionarea).Of the88 Antwerp employees,50 had

hormone measurements. Of the90 Decaturemployees,38 underwenthormone

measurements.

PFOS Analysis

In1995 theanalysisforserum PFOS was conductedby 3M'S Environmental

TechnologyServicesinSt.Paul,Minnesota.The method usedtetrabutylammoniumto

ion-pairwithPFOS inserum. The ion-pairswere thenextractedwithethylacetate.The

abstractionproductwas thenanalyzedusinghighperformanceliquidchromatography-

thermospraymass spectrometry[Johnsonetal.,1996]. In 1997theserum sampleswere

analyzedby TurbolonSpray liquidchromatography/massspectrometryusingselectedion

monitoringinthenegativeionmode by Advanced BioanalyticalServices,Inc.[Anderson

etal.,1997a;1997b].The lowerlimitofquantitationwas 0.1gg/mL forPFOS.

LaboratoryAnalyses

For bothtimeperiods,theUnitedLaboratoryServices(St.Paul,Minnesota)

performedthestandardhematologicaland clinicalchemistrytests.These includedthe

followinghematologicaltests:hematocrit(percent),hemoglobin(gm/dl),redbloodcells

(RBC, looo/MM3), whitebloodcells(WBC, Iooo/ MM3 )and plateletcount(1000/

MM3); and thefollowingclinicalchemistrytests:alkalinephosphatase(IIJ/L),gamma

glutamyltransferase(GGT, IU/]L),aspartateaminotransferase(AST, IUAL)formerly

Page 15



known as serum glutamicoxaloaceticacid(SGOT), alanineaminotransferase(ALT,

IU/L)formerlyknown as serum glutamicoxaloacetictransaminase(SGPT), totaland

directbilirubin(mg/dl),bloodureanitrogen(BUN, mg/dl),serumcreatinine(mg/dl),

glucose(mg/dl),cholesterol(mg/di),highdensitycholesterol(HDL, mgldl)and

triglycerides(mg/di).Low densitylipoprotein(mgldl)was calculatedasthefollowing:

LDL = [cholesterol-HDL -(tiyglycerides/5)].

Elevenhormones were assayedin1995:cortisol,dihydroepiandrosteronesulfate

(DHEAS), cstradiol,folliclestimulatinghormone (FSH),17 alphahydroxyprogesterone

(17-BP),freetestosterone,totaltestosterone,luteinizinghormone (LH),prolactin,

thyroidstimulatinghormone (TSH) and sexhormone bindingglobulin(SHBG). Allbut

SBBG (EndocrineScienceReferenceLaboratory,Tar-zana,CA) were analyzedatthe

UniversityofNfinnesota'sEndocrinologyLaboratory.

Cortisolwas assayedusinga fluorescencepolarizationimmunoassay (Abbott

TDx). Radioimmunoassays(RIA)wereusedforDHEAS (Pantex),estradiol(modified

Pantex),17-HP (modifiedCIS)and totaltestosterone(DiagnosticProductCorp.Coat-A

Count).Freetestosteronewas determinedusingequilibriumdialysis.LH, FSH and

prolactinwere assayedusinga microparticleenzyme immunoassay (AbbottImx). TSH

was determinedusinga chemiluminescenceimmunometric assay(Nichols).SBBG was

assessedviaa radioimmunoassayafterchromatographicsample purification(Endocrine

ScienceReferenceLaboratory).Bound testosteronewas calculatedastotaltestosterone

lessfreetestosterone.

Data Analysis
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Descriptivesimpleand stratifiedanalyses,Pearsoncorrelationcoefficients,

ANOVA and ordinarymultivariableregressionwere usedtoevaluateassociations

between PFOS and each hematologicaland clinicalchemistrytestand hormonal assay.

Age,body mass index,currentalcoholconsumption(chinksperday)andcigaretteuse

(cigarettessmoked perday)were potentialconfoundingfactorsthatwere consideredin

theanalyses.For stratifiedanalyses,employees were dividedintofourPFOS categories:

0-1 ppm, I -< 3 ppm, 3 -< 6 ppm and > 6 ppm inordertodetermineifan effectexisted

atthehighestserum PFOS levels.Other categoricalcutoffpointswere alsousedwhich

providedsimilarresults.Formultivariableregressionanalyses,PFOS and thepotential

confoundersofage,body mass index(BNU), alcoholuseand cigaretteusewere examined

ascontinuousexplanatoryvariablesinthemodels. Multivariableregressionmodels were

fittedwith PFOS analyzedasa continuousvariableusinglinearaswellasnon-linear

transformations(quadratic,square,squarerootand inverse)inordertomaximize the

possibilityof findingassociationsbetween PFOS and thedependentvariableofinterest.

Linearand nonlinearrelationshipswere examined by residualdiagnosticsusing

studentizedand Cook's distancevalues.Naturallogtransformationsofthedependent

variableswere performed,when necessary,tonormalizevariablesand toenhance model

fit.Traditionalstepwiseselectionprocedureswere alsoemployed (selectioninand out

ofmodel was setatp = 0.1)aswellastakingintoaccountothercovariantsthatmay be on

thebiologicpathway ofeffect[Greenland,1989].We didnotexamine changesin

measured PFOS between thetwo timeperiodsbecausetheestimatedhalf-lifeofPFOS is

atleasttwo years. Studyresultswere analyzedusingtheSAS System [1990].
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Analysesarepresentedby plant,yearand thethreemajor groupsofparticipants:

allemployeeswho participatedineachyear(1995:N = 178;1997:N = 149);onlythose

employees(N = 61) who participatedinbothyears;and onlythoseemployees (N = 88)

who participatedinthehormone measurements in1995.

RESULTS

The distributionofemployees,by serum PFOS exposurecategorization,is

presentedinTable 1. Whereas 20 percentoftheDecaturemployees had exposuresat> 3

ppm forbothyears,thisproportioninAntwerp went from 25 percentin 1995to 13

percentin 1997. Forboth years95 percentofthemeasured serum PFOS levelswere

below 6 ppm. There were no PFOS measurements > 6 ppm inAntwerp in1997.

The overallmean valuesofPFOS, demographic,serum chemistryand

hematologicalparametersforbothlocations,aswellaseach locationseparately,are

presentedinTables2 and 3,respectively.Inparticular,theAntwerp male employee

populationwas significantlyyoungerthanDecatur,had lower body mass indicesand

higherself-reporteddailyconsumptionofalcohol.Inaddition,theirclinicalprofiles

were alsodifferentforseveraltests.The Antwerp employeeshad lowermean alkaline

phosphatase,creatinine,glucoseand triglyceridevaluesand highertotalbilirubin,HDL

and hematocritvalues.

PresentedinTable4 arethePearsoncorrelationcoefficientsbetween PFOS and

theselectedparametersofinterestby bothlocationscombined, each locationseparately,

and by yearofexamination.In 1995,variablesthatwere significantly(p<.05)

correlatedwithPFOS forbothlocationscombined includedtotalbilirubin,whiteblood
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cellsand platelets.Although creatininewas notsignificantlycorrelatedwhen both

locationswere examined,itwas negativelycorrelatedwithPFOS inAntwerp but

positivelycorrelatedinDecatur.In 1997,variablesthatwere significantlycorrelated

withPFOS forbothlocationscombined were BNU, ALT, directbilirubin,cholesterol,

LDL and hematocrit.Inaddition,GGT and triglycerideswere significantlypositively

correlatedwithPFOS among onlyAntwerp employees.

ProvidedinTable 5 arethemean, median,standarddeviationandrangeofthe

covariatesand theclinicalchemistriesand hematologicalparametersby fourlevelsof

PFOS categorization(0-< 1,1 -< 3,3 < 6 and > 6 ppm) forbothyears.Several

observationsarenoteworthy. First,themean forthe > 6 ppm PFOS categorywas one

orderofmagnitudehigherthanthelowestPFOS category(0-< Ippm) forbothyears.

Also,themeans ofthefourPFOS categorieswere significantlydifferentfrom eachother.

Second,theyoungestemployeeshad thelowestserum levelsofPFOS. Third,therewas

onlyone variable,totalbilirubin,which had significant(p< .05)F testsfordifferencesin

means inbothyearsofanalysis. Besidestotalbilirubin,theonlyothervariableinwhich

themean ofthehigherlevelsofPFOS exposure(3-< 6 ppm or> 6 ppm) was

significantlydifferentfrom thelowestcategorylevelofPFOS exposure(0-< I ppm) was

forWBC's in1995. Thiswas notobservedin 1997. The lowestmean plateletcountwas

observedatthehighestPFOS exposurecategoryinboth yearsalthoughthemean platelet

countsby PFOS categorieswere notsignificantlydifferentfrom eachother.

Providedinthenexttwo tablesarethemean, median,standarddeviationand

rangeofthecovariatesand theclinicalchemistriesand hematologicalparametersby the

fourlevelsofPFOS categorizationforeachplantfor1995 (Table6)and 1997 (Table7).
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In 1995 (Table6)inAntwerp only,alcoholconsumptionwas associatedwithhigher

PFOS levels.Mean serum creatininelevelsdeclinedinAntwerp butincreasedinDecatur

employees. Antwerp employees inthe3 -< 6 ppm PFOS categorysmoked more

cigarettesand had higherWBC levels.In 1997,Antwerp employeesinthelowestPFOS

exposurecategorywere significantlyyoungerthantheircounterparts.Antwerp

employees inthehigherPFOS categorylevelshad highermean alcoholconsumption

levels.Mean cholesterol,LDL andtriglyceridelevelstrendedupwards by PFOS

exposurecategoriesforAntwerp employees.

Linearand nonlinearrelationshipsbetween PFOS and thedependentvariablesof

interest,takingintoaccountthepotentialconfoundingaffectsofage,BNE, alcoholand

cigarettes,resultedinnumerous analyses.For purposesofbrevity,linearregression

models arepr-esentedinTable 8 which show theeffectthattheparameterofinterest,

PFOS, hason thevariousdependentvariables,adjustedforage,body mass index,alcohol

andcigaretteuse. These covariateswere analyzedascontinuousvariables.Inthecaseof

serum creatinineand totalbilirubin,a quadratic(PFOS + PFOS2) analysisprovidedthe

beststatisticalmodel ofthedataadjustedforthefourpotentialconfounders.The natural

logtransformationoftotalbilirubin,GGT and glucoseprovidedthebestfitforthese

responsevariables.PFOS was significantlyassociated(p <.10)inbothyearsforonly

one clinicalparameter:totalbilirubin.PFOS was associatedinone ofthetwo yearsfor

thefollowingvariables:directbilirubin,creatinine,cholesterol,LDL, HDL, hematocrit,

hemoglobin and plateletcount.

Those variablesthatwere observedtobe associatedinatleastone yearinthe

regressionmodels inTable 8 are separatedby plantlocationand yearinTable9. After
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separateanalysesby employee population,onlytwo variables,totalbilirubinand HDL,

remainedsignificantly(negatively)associatedwithPFOS foratleastone plantlocation

forbothtimepeiiods.Totalbilirubinshowed a significantnegativeassociationwith

PFOS (quadraticrelation)foremployeesattheDecaturplantinbothyears.Therewere

no significantassociationsamong theAntwerp populationbetween PFOS and total

bilirubin.HDL was significantlynegativelyassociatedwithPFOS inAntwerp inboth

1995 and 1997 butwas notsignificantlyassociatedwithPFOS inDecaturineitheryear.

As forinconsistentassociationsobservedinTable 8,directbilirubinwas notsignificantly

associatedwithPFOS ineitherplantlocation(Table9).The quadraticassociationfor

PFOS withcreatininewas observedinAntwerp in 1995 and Decaturin 1997 butnotin

Antwerp in1997 orDecaturin1995. Cholesterol(andLDL) was observedtobe

positivelyassociatedwithPFOS onlyinDecaturin1997.Hematocritand hemoglobin

were associatedwithPFOS onlyinDecaturin1997. Plateletcountswereobservedto

be significantlynegativelyassociatedwithPFOS onlyinDecaturin1995.

Traditionalstepwiseregressionmodelingtechniqueswere alsoused aswellas

testingmodels withvariablesthatwould be consideredon thebiologicalpathway of

effectforany dependentvariable.The associations(orlackthereof)from theseanalyses

were similartowhat hasbeen presentedinTables8 and 9. For purposesofbrevitythese

analysesarenot shown.

To furtherunderstandtheassociationbetween totalbilirubinandPFOS, scatter

plotsarepresentedforbothtimeperiodsand by locationinAppendix A. Inaddition,

unconjugatedbilirubinwas alsocalculated(totalbilirubin-direct)andthesescatterplots

arepresentedinAppendix B. Table 10isa summary ofthesescatterplotsfrom both
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Appendices. The strongestassociationsappearedtobe quadraticinnatureprimarilyfor

theDecaturlocationand thepercentofvariabilityexplainedrangedbetween 3 (1995

data)and 7 perrent(1997data).The linearcomponent ofthequadraticwas negativein

direction.The upward trendappearedtooccuraround 6 ppm PFOS where thedataare

sparse.These simplelinearand quadraticmodels were notinfluencedby any one

employee accordingtoresidualdiagnostics.

To furtherunderstandthepossibleassociationbetween HDL and PFOS, scatter

plotsarepresentedforbothtimesandby locationinAppendix C. Both locations

combined resultedin significantnegativelinearand nonlinear(quadratic)associationsin

1995 althoughthepercentofvariabilityexplainedinthesemodels rangedbetween 3 and

5 percent.No significantassociationswere observedforeachplantlocationin1995.

There were no significantnegativeassociationsbetweenHDL and PFOS in1997 for

eitherthecombined locationsoreach separateplantsite.

ProvidedinTablesII through14 aretheanalysesrestrictedtothe61 employees

who participatedinsurveillanceinbothyears.Table IIprovidesthemean valuesfor

each parameterfortheemployees who participatedinbothexams compared tothosewho

participatedinonlyone ofthetwo years.Overall,therewere few differences.The

mean ageofthe61 employees was lowerthanthatofthe1995 employees who didn't

participatein1997. Conversely,themean ageofthe61 employees was higherthanthat

ofthe1997 employeeswho didn'tparticipatein 1995. CholesterolandI.DL were

significantlyhigherinthe61 participantsin1997. Tables12 and 13 presentthemean

valuesby plantlocationfor1995 and 1997,respectively.Of these61 employees,27 were

from Antwerp and 34 from Decatur. Of noteworthyimportancearethedifferences
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betweenthe27 Antwerp employeesand theirfellowemployeesin1997 (Table13). The

27 Antwerp employees had significantlyhighermean PFOS exposures,were

significantlyolder,had greaterBNH's and highercholesterolvalues. Multivariable

regressionanalysesforthe61 employees arepresentedinTable 14. The onlysignificant

associationwith PFOS appearedtobe with s@rum creatinine(quadratic)in 1995.

Regardlessofplantlocation,mean PFOS levelswere higherforthoseemployees

who were selectedforhormone measurementsin 1995(Table15).Thiswas expectedas

theseemployeeswere selectedwiththea prioribeliefthattheirserum measurements

would be higherdue totheirworkplaceexperience. For example,ofthe42 employees

in1995 whose serum PFOS levelswere > 3 ppm, 76% had hor-rnonemeasurements.

PresentedinTable 16 arethemean valuesforPFOS, demographic,serum

chemistriesand hematology forthoseemployees who had hormone measurements

compared tothoseemployees who didnotin 1995. Those employees who had hormone

measurementswere younger,higherusersofalcohol(Antwerponly)and cigarettes(both

locations),and had lowerserum creatinine(Antwerponly)and higherVIBC levels(both

locations).The latterobservationisconfoundedby cigarettesmoking asamong non-

smokers,thoseselectedforhormone measurements had a mean WBC of6.24compared

to6.03fornon-selectedemployees(p=.36). Among smokers,thoseselectedhad a mean

WBC of 8.69compared to8.06fornon-selectedemployees(p= .23). Allotherclinical

parameterswere comparable,by PFOS exposurecategories,between subjectswho had

hormone measurements and thosewho didnotin 1995 (Tables17 and 18).

The Pearsoncorrelationcoefficientsbetween PFOS and thehormones tested

among the88 employeeswerethefollowing:cortisol(.07),DBEAS (-.13),estradiol
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(.09),FSH (.06),17-hydroxyprogesterone(-.04),LH (.03),prolactin(.06),SHBG (.11),

freetestosterone(-.06),bound testosterone(.06),TSH (.01).None were statistically

significant.

PresentedinTable 19 arethemean, median,standarddeviationand rangeofthe

varioushormones by thefourPFOS categories:0- <1 ppm, I -< 3 ppm, 3 -< 6 ppm and

2!6 ppm. Severalobservationsarenoteworthy.First,themean ageofthelowestPFOS

exposurecategorywas 10 yearslessthanthatofthehighestexposurecategory.Therefore

itwas notunexpectedtoobservethatthemean DBEAS, 17-HP,freetestosteroneand

bound testosteronelevelsofthislowestexposurecategorywere greaterthanthemeans of

thehigherPFOS exposurecategorizations.Adjustingforthedifferencesinage (aswell

astheotherthreepotentialconfounders)intheregressionmodels (Table20) resultedin

no significantassociationsbetween PFOS and thehormones analyzed,exceptfor

estradiol.With estradiol,a quadraticmodel providedthebestfitofthedataand both

PFOS termswere significant.Upon residualdiagnosticsitwas determinedthatthis

estradiolmodel was influencedby one specificemployee(employeeA).The influenceof

employee A isbestseen inFiguresI and 2 which aresimplescatterplotsofboththe

linearand quadraticfitsofestradioland PFOS, withand withoutemployee A,

respectively.Employee A had a 12.83ppm serum levelofPFOS which was thehighest

valuerecordedin 1995. Es estradiolvaluewas 92 pg/dl(seeupperrighthand comer of

Figure1).Employee'sA estradiolvaluewas alsoinfluencedby thefactthathisbody

mass indexwas 33 kgtM2. Exclusionofthisemployee resultedina nonsignificant

quadraticequation.The variability(R2)ofthedataexplainedwent from 7.6percentto2.1

percentupon exclusionofthisemployee. The slopeofthelinearequationchanged from
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positivetonegativealthoughitwas nonsignificantinbothFiguresI and 2.Finally,it

shouldbe notedthattheestradiolmodels inTable20,withand withoutemployee A, did

predicttheknown positiveassocationbetween estradioland body mass index.

DISCUSSION

We conductedtwo cross-sectionalanalysesofsurveillancedatatoexamine the

associationsbetween serum PFOS levelsand severalhematological,clinicalchemistry

and hormonal parametersinmalefluorochemicalproductionemployees. For bothyears,

95 percentof themeasured serum PFOS levelswere below 6 ppm. Because theAntwerp

and Decaturemployees were dissimilarby age,body mass indicesand self-reported

alcoholuse,we conductedcombined aswellasseparateanalysesby plantlocation.

These threedemographic differenceslikelyexplainwhy theAntwerp employees had

lowermean serum levelsof alkalinephosphatase,HDL, triglyceridesand blood glucose

[Davem and Scharschmidt,1993;Lewis,1994;Friedman,1998;Fu, 1998;Wolf, 1998].

Inthepresentstudy,alkalinephosphatase,GGT, AST and ALT valueswere not

significantlyassociatedwiththemeasured serum PFOS levels.This was an a priori

questiondue tothefactthatPFOS: 1)isa peroxisomeproliferatorintherat[Ikedaetal.,

1987;Sohleniusetal.,1993];2) resultedinslighttomarked increasesinplasma

glutamicoxalaceticand pryuvictransaminaselevelsina 90 day studyofratsfeddiets

which containedPFOS at100 ppm alongwith hypertrophyand livernecrosisobservedat

histopathology[Goldenthal,1978a];and 3)increasedSGOT and decreasedalkaline

phosphataselevelsinmonkeys afteradministration,by oralgavage,for30 days ofdoses

of4.5mg/kg/dayofPFOS (Goldenthal,1978b]. On theotherhand,SGPT values
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remainedconstantand no histopatholocicabnormalitieswere notedintheliversofthese

monkeys which diedby the7"'week ofthestudy.No significantliverenzymaticor

histopathologychangesoccurredinmonkeys inthe0.5and 1.5mgtkg/daydose groups.

We didobservea quadraticassociationwithtotalbilirubinamong onlythe

Decaturemployees. We do notsuspectthisi@a biologicalassociationbecausethe

bilirubinlevelswere withinthenormalreferencerange. Also,thepercentvariability

explainedoftotalbilirubinby PFOS intheregressionmodels was low.The Antwerp

employees'totalbilirubinlevelswere significantlyhigherthantheDecatur

employees'levels.We offerseveralpossibleexplanationsforthisobservation.First,we

suspectthere may be a greaterprevalenceofGilbert'ssyndrome [Lidofskyand

Scharschmi.dt,1993;Friedman,1998]among theAntwerp employees.In 1995,15 (17%)

Antwerp employees had totalbilirubinvalues> 1.2mg/dlcompared to3 (3%) Decatur

employees'levels.In 1997,therewere9 (15%) Antwerp and 2 (2%)Decatur

employeeswithtotalbilirubinvalues> 1.2mg/dI. However, therewas nota

concomitantdeclineinbilirubinconjugation(i.e.,directbilirubinlevels)asmightbe

expectedamong individualsdiagnosedwithGilbert'ssyndrome. Nevertheless,exclusion

ofthesepossibleGilbert'ssyndrome employees stillresultedinhighermean total

bilirubinvaluesamong theAntwerp employeesinbothyears.Secondly,therewere four

Antwerp employees who self-reportedhepatitisA historiesand one employee self-

reporteda historyofHepatitisB. Fishand shellfishconsumptionislikelymuch greaterin

Antwerp thanDecaturdue toitsvicinityneartheNorthAtlantic.Third,bilirubinisa

tetrapyrrolethatisan end-productofheme degradation[Lidofskyand Scharschmidt,

1993]. Bilirubinlevelsmay be increaseddue todisordersofbilirubinmetabolism,liver
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diseaseand obstructionofthebileducts.Other hematologicalandclinicalchemistry

resultsdidnotsuggesttheseconditionsexistedamong theDecaturemployees. Fourth,

post-collectionproceduresmay resultinerror.Totalbilirubindeterminationmay be

falselydepressedifhemolysisispresentbecauseofincreasedabsorbenceintheblank

[Kaplanand Pesce,1984].Bilirubinisalsos@nsitivetoand destroyedby lightand heat.

We areuncertainwhetherthesefactorscouldhavecontributedtothelowertotalbilirubin

levelsintheDecatursamplesinbothyears. Finally,thelinearcomponent ofthe

quadraticassociationobservedamong Decaturemployees isnegativeindirectionin

relationwiththeirmeasuredPFOS levels.Thatis,totalbilirubinlevelsdeclinedwith

increasingPFOS levels.We would expecta positiveassociationifPFOS impaired

bilirubinconjugation.The trendupwards inthequadraticappearstooccuratlevels6 ppm

and higherwhere thedataaresparse.We concludethattheassociationobservedamong

onlytheDecaturemployees isunlikelytobe relatedtoserum levelsofPFOS.

We didobservea positiveassociationbetween serum PFOS and serum cholesterol

levelsinthe1997 timeperiodforDecaturemployees. Thisresultisunlikelytohave a

biologicalexplanationasPFOS isa known peroxisomeproliferatorintheratand was

shown tohave hypolipidemicpropertiesinrhesusmonkeys [Ikedaeta].,1987;Sohlenius

etal.,1993;Goldenthal1978b;1979]. Rhesus monkeys fedPFOS at4.5mg/kg intheir

chow had serum cholesterolvaluesreducedfrom 183 mg[L to99 mg/L within30 days.

Rhesus monkeys fed 1.5mg/kg inthechow had cholesterollevelsreducedfrom 195

mg/kg toIII mglkg within90 days[Goldenthal1978b].As forHDL, althoughthe

mult.ivariableanalyseswere suggestiveofa negativeassociationbetweenHDL and PFOS
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inAntwerp (butnotDecatur),thescatterplotspresentedinAppendix C do notsupport

thenotionof a biologicalassociationbetween PFOS and HDL.

Itshouldbe notedthattotalorganicfluorinelevels,primarilyconsistingof

perfluorooctanoicacid(PFOA, C7Fl5COO-),a sevencarbonperfluorinatedcarboxylic

acid,were reportedtoreducetheeffectthatalcoholhason HDL levelsamong higher

exposedmale PFOA productionworkersinCottageGrove,Minnesota[Gillilandand

Mandel, 1995].However, thisfindingwas notobservedinsubsequentanalysesofthese

employees(Olsenetal.,unpublishedfindings).Thisobservationby Gillilandand

Mandel was testableinthepresentstudyasboth Antwerp and Decaturemployees had

measurablequantitiesofPFOA. We didnotobservea significantnegativemodulationof

theeffectofalcoholconsumptionon HDL levelsamong Antwerp and Decaturemployees

withhigherserum PFOA levelsalthoughtheirserum levelswere approximately3 to5-

foldless,on average,thanthatreportedinCottageGrove employees [Olsenetal.,1998].

The Antwerp and Decaturemployeeswere exposedtoPFOA, notinitsactualproduction,

butratherinitsuseasa surfactantintheproductionoffluoropolymers.In 1995 the

mean serum PFOA levelamong theAntwerp and Decaturemployeescombined was 1.46

ppm (range0 - 13.20ppm) and in1997 themean serum levelwas 1.57ppm (range0.11 -

11.10).Stratifiedby plantlocation,the1995 and 1997mean serum PFOA levelswere

1.19 and 1.78ppm intheAntwerp employees and 1.72and 1.40ppm intheDecatur

employees,respectively.

The multivariableregressionmodels showed a negativeassociationbetween

PFOS and plateletcountsatPFOS levelsabove 6 ppm in1995 and thistrendwas also

apparent,althoughtoa lesserextent,in 1997. Nevertheless,plateletlevelswere well
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withinthenormal referencerangeinbothtimeperiods.Thisassociationisnotsupported

by a 90 day subchronictoxicitystudywhich showed no declineinplateletcountsfor

monkeys fed0.5,1.5or4.5mg/kg forup to90 days [Goldenthal,1978b]. Mean platelet

countsamong the1.5mg/kg/day and 0.5mg/kglday dosegroupswere 226 and 231

(103/CMM) compared to218 inthecontrolgroup [Goldenthal,1978b]. There were no

plateletcountsreportedinthe90 day ratstudyalthoughattheend of3 months ofstudy

therewere slighttomoderate decreasesinhemoglobin,hematocritand erythrocytecounts

observedformale and femaleratsinthe100 ppm dose group [Goldenthal,1978a]. No

consistentassociationswere observedbetweenPFOS and hemoglobin,hematocritor

RBC valuesinthepresentepidemiologicinvestigation.Ina priorsubchronicrhesus

monkey studythatwas abortedearlydue toallanimalsdiedby the20'hday,mean platelet

countswere 203,219, 136,172 and 185 forthe300 mg/kgtday,100 mglkg/day,30

mgtkg/day,10mg/kg/day andcontrolgroups,respectively[Goldenthal,1979].

Aftercontrollingforage,a confounderformale testosteronehormone levels[Dali

etal.,1981;Griffinand Wilson,1994],we observedno significantassociationswith

serum PFOS measurements. We didobservea quadraticassociationbetweenestradiol

and PFOS. Upon furtherexamination,thisfindingwas influencedby one particular

employee who had thehighestPFOS levelbutwas confoundedby theindividual'slarge

body mass index.Exclusionofthisemployee resultedinnonsignificantfindings.Thus,

any interpretationwithestradiolisdifficultbecauseoftheinfluencethisone employee

has on thestatisticalanalyses.

Itshouldbe notedthatperfluorooctanoicacid(PFOA), atapproximately50 - 100

ppm levelsinserum,enhances thearomataseconversionoftestosteronetoestradiolinthe
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rat[Cook etal.,1992;Biegeletal.,1995). However,PFOA productionworkersin

CottageGrove with serum levelsup to30 ppm appearednottohave alteredserum

estradiollevels[Olsenetal.,1998]. Again,likeHDL, thiswas a testablehypothesis

among theAntwerp and Decaturemployees althoughtheirserum PFOA levelswere

lowerthanCottageGrove employees.We di@notobserveany significantpositive

associationbetween estradioland serum PFOA levelsintheseAntwerp and Decatur

employees.

Severalmethodologicalissuesshouldbe consideredinevaluatingtheresultsfrom

thisstudy. First,thecross-sectionaldesigndoesnotallowfora directanalysisofthe

temporalityofan association.Second,thevoluntaryparticipationratesinmedical

surveillancewere notidealasamong eligibleemployees we had 88 and 65 percent

participationinAntwerp for1995 and 1997,respectively,butonly35 to40 percentin

Decaturforbothyears. Third,giventhesuspectedlonghalf-lifeofPFOS (atleasttwo

years),itmay be conceivablethattheremay be some biologicalaccommodation tothe

effectsofPFOS which would minimizethepossibilityoffindingan association.Fourth,

itisknown inlaboratoryanimalsthatPFOS concentratesprimarilyintheliver.Serum

measurementsofPFOS may notadequatelyreflectbody burden. Fifth,thetwo cross-

sectionalanalysescannotbe viewed asindependentpopulationsas61 employees were

studiedinbothyears. Thiswas due,inpart,toa largeturnoverofemployeesatboth

plantsbetween examinations.Sixth,therecouldbe measurement errorinimportant

confoundingvariables.Analysisofthedataofthe61 subjectswho participatedinboth

yearsshowed thattherewas excellentcorrelationfortheconfoundingfactorsofBNE (r

.92,p = .0001),self-reportedaspectsofalcoholconsumption (r= .88,p = .0001)and
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ci-arettesmoking (r=.79,p=.0001). As expected,these61 employees'serum PFOS

levelsforthetwo yearswere highlycorrelated(r=.92,p = .0001).Seventh,thequality

of medicalsurveillancedata,priortoitsuseforstudyingan a priorihypothesis,can often

be evaluatedby whetherknown positiveassociationsareobserved.Inthisregard,we

observedvariousexpectedassociationsincludingcigarettesmoking and elevatedwhite

bloodcellcountsand largebody mass indicesassociatedwithelevatedlivertransaminase

levels[Olsenetal.,1991;Bums etal.,1997].Finally,thepulsatilenatureofsome ofthe

hormones studied(e.g.,FSH, LH, testosterone)hasresultedinpriorrecommendations

thatmean hormone measurements shouldbe theresultofpooledblood from multiple

samplestakenatshortintervals[Goldzieheretal.,1976].Inourstudymultiplesamples

were notfeasiblebecauseofthelow probabilityofemployeesvoluntarilygivingthree

serum samplesovera 45 -60minuteperiodoftime.

Insummary, we conductedtwo cross-sectionalanalysesand didnotobserve

consistentassociationsby plantlocationortimeforseveralhematologicalparameters,

serum chemistriesand reproductivehormones with measured serum PFOS levelsinmale

fluorochemicalproductionemployees. Ninety-fivepercentoftheemployeeshad serum

PFOS levelsbelow 6 ppm. Our findingssuggestthat,among theseAntwerp and Decatur

male fluorochemicalproductionemployees,significanthematological,clinicalchemistry

and hormonal abnormalitieswere notassociatedwithserum PFOS concentrationsless

than6 ppm. Any inferencesderivedfrom thefew employees withserum PFOS levels> 6

ppm would be tenuous,atbest. Limitationsofthisstudyincludeitscross-sectional

design,thevoluntaryparticipationrates,thefew subjectsexposedatthehighestlevels,
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and thelower levelsofserum PFOS measured among theseemployees compared tothose

thatcausedeffectsintwo speciesoflaboratoryanimals.
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TableI

DistributionofEmployees by Year,Locationand PFOS ExposureI-evel(ppm)

1995 Data 1997 D

AllEmRloyees AntweM Decatur AllEmployees Antwe
PFOS N (%) N (%) N (%) N (%) N (%)
0 -< Ippm 45 25 34 39 11 12 60 40 31
I-< 3 ppm 91 51 32 36 59 66 63 43 25
3 -< 6 ppm 35 20 19 22 16 18 21 14 9
>= 6 RRm 7 4 3 3 4 4 5 3 0

178 (100) 88 (100) 90 (100) 149 (100) 65



Table2

Mean, Median, StandardDeviationand Range ofStudyParameters,Both Locations,1995 and 1

1995 Data 1997 Data

Variable Mean Median Std Dev BAnge Mean Median Stc

PFOS 2.19 1.70 1.87 0-12.83 1.75 1.30

Age 40.6 40.0 8.76 21-60 39.3 40.0

Alcohol 0.7 0.1 1.1 0-6.0 0.5 0.1

BMI 26.6 25.8 5.1 17.9-60.7 27.1 26.0

Cigarettes 6.3 0.0 10.7 0-40 6.1 0.0

Alk Phos 86.2 85.0 24.6 31-191 79.8 77.0

GGT 44.4 36.0 32.1 2-293 31.6 .24.0

AST 27.6 26.0 10.9 13-96 26.2 25.0

ALT 45.9 42.0 18.6 18-183 32.6 30.0

T.Bilirubin 0.72 0.70 0.37 0.20-2.90 0.67 0.60

D. Bilirubin 0.21 0.20 0.05 0.10-0.40 0.13 0.10



Table 2
(Continued)

Variable Mean Median Std Dev Ranpc Mean Median St

BUN 15.9 15.0 3.8 8-26 14.4 14.0

Creatinine 1.0 1.0 0.2 0.6-1.6 0.9 0.9

Glucose 86.7 85.0 18.8 60-260 90.7 86.0

Cholesterol 215.9 214.0 42.5 100-340 211.2 213.0

LDL 136.6 134.0 39.1 28-261 135.3 135.0

HDL 48.5 48.0 12.7 .23-94 45.5 45.0

Triglycerides 151.0 126.0 99.9 34-651 156.5 122.0

Hematocrit 46.3 47.0 2.7 38.3-52.0 45.8 46.0

Hemoglobin 15.3 15.3 0.9 13-17.4 15.4 15.5

RBC 4.9 4.9 0.3 4.0-5.74 5.1 4.8

MCH 31.1 31.0 1.5 26.0-36.9 30.5 31.0

MCHC 33.1 33.0 0.7 31.3-34.7 33.6 34.0

mcv 93.7 94.0 4.9 79.7-114.6 90.7 91.0

WBC 6.9 6.6 1.9 3.6-15.5 6.5 6.2

Platelets 226.4 223.0 45.4 122-367 225.7 230.0



Table 3

Mean ValuesofPFOS, Demographic,Serum Chemistryand HematologicParametersforAntwerp
and Decatur,1995 and 1997 Examinations

1995 Data 1997 Data
Variable AntweEp Decatur Antwerp Decatur
PFOS(ppm) 1.93 2.44 1.48 1.96

Age 37*** 45 33*** 44

BNU 23.9*** 29.2 23.5*** 30.0

Cigarettes 4.7* 7.9 5.5 6.6

Alcohol 1.3*** 0.2 1.1*** 0.1

Alk Phosphatase 75*** 97 70*** 87

GGT 41 48 26* 36

AST 26* 29 27 26

ALT 44 47 31 34

Totalbilirubin 0.86*** 0.58 0.80*** 0.58

Directbilirubin 0.22 0.21 0.15*** 0.12

BUN 17.0*** 14.8 14.9 14.1

Creatinine 0.9*** 1.1 0.9** 1.0

Glucose 81*** 92 81*** 98

Cholesterol 214 218 206 215

LDL 138 136 134 137

HDL 54*** 43 50*** 42

Triglycerides 115*** 187 111*** 192



Table 3
(continued)

1995 Data 1997 Data
Variable AntweER Decatur AntweEp Decatur

Hematocrit 47*** 46 46* 45

Hemoglobin 15.4 15.2 15.4 15.3

RBC 4.9 5.0 5.1 5.1

MCH 31.4*** 30.7 30.5 30.4

MCHC 32.9*** 33.4 33.3*** 33.7

NWC 95.7*** 91.8 91.6* 90.0

WBC 6.4*** 7.5 6.5 6.4

Platelets 224 229 237* 217

p <.05; p <.Ol; ***p<.001



Table4

CorrelationCoefficientsBetween PFOS andSelectedVariablesby Locationand Year ofExamin

1995 Data 1997 Data
Variable BothLocations Antwerp Decatur Both Locations Antweip
Age .12 .10 .04 .20 .41

Alcohol .09 .25* .06 .10 .40*

BMI .01 -.14 -.05 .18* .22

Cigarettes .14 .19 .08 -.03 .08

BUN -.05 -.04 .01 .01 .13

Creatinine .05 -.37 .28** .08 -.12

Glucose -.02 -.17 -.02 .10 .04

AlkalinePhosphatase.06 .07 -.06 .07 .09

GGT .01 .02 -.04 .07 .26

AST .06 .06 .0002 .003 .03



Table4
(continued)

1995 Data 1997 Data
Variable Both Locations AntweEp Decatur Both Locations Antwe!p
ALT -.01 -.03 -.03 .16* .11

TotalBilirubin -.15* -.13 -.07 -.13 -.12

DirectBilirubin -.03 -.13 .09 -.18 -.13

Cholesterol -.02 .02 -.08 .25** .34**

LDL .01 .02 .02 .22** .30*

HDL 17* -.14 -.12 -.07 -.05

Triglycerides .04 .11 -.10 .10 .39***

Hematocrit .002 .10 -.0003 -.16* -.05

Hemoglobin -.01 .05 -.02 -.15 -.05

Red Blood Cells -.03 -.I1 .01 -.11 -.15

MCH .04 .21* -.04 -.04 .17



Table4
(continued)

1995 Data 1997 Data
Variable BothLocations Antwerp Decatur Both Locations Antwerp
MCHC -.03 -.11 -.09 .01 -.03

mcv .05 .25* -.01 -.03 .20

White Blood Cells .18* .27** .04 .01 .18

Platelets 15* -.06 -.25* 11 -.06
p<.05; **p<.Ol; p <.001



Table5

Mean, Median, StandardDeviation(SD) ofMean andRange ofPFOS, Demographic,Serum Chemistriesan
forAntwerp and DecaturEmployees Combined, 1995(N=178) and 1997(N=147)

1995 Data 1997 D
PFOS*

(ppm) Mean Median SD Range Mean Median

PFOS(ppm)

0 -< Ippm 0.49' 0.5 0.27 000-0.90 0.52' 0.52
1 -< 3ppm 1.82' 1.77 0.58 1.00-2.91 1.78' 1.64
3 -< 6ppm 4.12' 3.97 0.81 3.00-5.80 3.87' 3.'59
6ppm 8.17' 7.73 2.52 6.06-12.83 7.20' 6.68

F value 321.9,p <'.0001 F value 367.6,p <.0001

Age (yrs)

0 -< Ippm 37 36 8 21-58 36 34
1-< 3 ppm 42' 41 9 25-60 42' 41
3 -< 6 ppm 40 40 7 26-55 41 42
6 ppm 45 43 7 37-56 42 45

F value= 3.7,p = .02 F value= 5.1,p = .002



Table5 (continued)
1995 Data 1997 Data

PFOS

(ppm) Mean Median SD Range Mean Median

Alcohol(drinks/day)

0 -< lppm 0.8 0.6 0.9 0.0 3.6 0.5 0.1
I -< 3 ppm 0.5 0.1 0.7 0.0-3.6 0.5 0.1
3 -< 6 ppm 1.2 0.3 1.9 0.0-6.0 1.0 0.1
6ppm 0.7 0.0 1.1 0.0-2.9 0.2 0.1

F value 4.0,p .009 F value 1.8,p =.15

BMI (k m')

0-< Ippm 25.5 24.8 4.2 17.9-38.7 26.0 24.9
1-<3ppm 27.7 26.3 5.8 19.6-60.7 27.7 26.4
3 -< 6 ppm 24.93 25.0 3.8 17.9-32.5 27.3 27.9
> 6 ppm 27.7 29.4 4.2 20.6-33.0 30.8 29.7

F value 3.7,p .0@ F value 2.1,p =.10

Cigarettes(perday)

0 -< Ippm 2.6 0.0 6.4 0.0-25.0 4.7 0.0
I-< 3 ppm 6.8 0.0 11.3 0.0-40.0 8.2 0.0
3 -< 6 ppm 10.6 8.0 12.4 0.0-40.0 4.1 0.0
6 ppm 0.4 0.0 1.1 0.0-3.0 6.0 0.0

F value 4.8,p =.003 F value= 1.5,p .23



Table5 (continued)

1995 Data 1997 Dat
PFOS

(ppm) Mean Median SD Range Mean Median

BUN

0 -< Ippm 16.5 15 3.5 11 -26 14.5 14.0
1 -<3 ppm 15.4 15.0 4.0 8.0-26.0 14.2 14.0
3 -< 6 ppm 16.4 16.0 3.7 10.0-23.0 15.0 15.0
6 ppm 15.1 14.0 4.2 10.0-21.0 13.8 12.0

F value 1.1,p = .36 F value 0.5,p 0.67

Creatinine

0 -< Ippm 1.0 1.0 0.2 0.7-1.6 0.9 0,9
1-<3 ppm 1.0 1.0 0.2 0.7-1.6 0.9 0.9
3 -< 6 ppm 0.9 0.9 0.2 0.7-1.2 0.9 0.9
6 ppm 1.1 1.2 - 0.3 0.6-1.6 1.0 0.9

F value 2.3,p = .08 F value 0.4,p 0.78

Glucose

0 -< I ppm 85 85 15 66-170 87 85
1-<3 ppm 86 86 22 60-260 93 84
3 -< 6 ppm 84 83 12 66-114 95 89
6 ppm 84 83 14 71-105 89 88

F value= 0.9,p =.44 F value 0.6,p .59



Table5 (continued)

1995 Data 1997 D
PFOS

--Ppm) Mean Median SD Range Mean Median

AlkalinePhosphatase

0-< Ippm 80 78 22 31-158 77 73
1 -<3 ppm 89 89 27 49-191 83 79
3 -< 6 ppm 86 85 21 32-124 76 74
6 ppm 88 85 24 63-136 88 84

F value 1.3,p .28 F value 1.17,p .32

GGT

0 -< Ippm 43 31 28 16-155 28 22
1-<3 ppm 47 36 39 2-293 36 25
3 -< 6 ppm 40 39 15 21-80 28 27
@t6 ppm 43 33 18 28-79 33 37

F value 0.5,p =.71 F value 1.1,p = .34

AST

0 -< Ippm 27 25 13 15-96 27 25
1-<3ppm 29 26 12 14-90 26 25
3-<6ppm 25 24 5 13-37 25 23
6 ppm 33 33 6 26-43 29 28

F value-1.8,p 14 F value 0.5,p =.67



Table5 (continued)

1995 Data 1997 D
PFOS

(ppm) Mean Median SD Range Mean Median

ALT

0 -< 1 ppm 48 43 20 27-118 31 30
1 -<3 ppm 46 42 21 18-183 33 29
3 -< 6 ppm 42 41 7 30-59 34 31
@t6 ppm 51 49 17 29-82 41 45

F value 1.0,p =.38 F value 0.9,p =.46

TotalBilirubin

0 -< I ppm 0.88 0.70 0.50 0.40-2.90 0.77 0.60
1-<3 ppm 0.66' 0.60 0.30 0.20-1.50 0.61' 0.60
3 -< 6 ppm 0.64' 0.60 0.28 0.20-1.40 0.63 0.50
6 ppm 0.76 0.70 0.23 0.50-1.20 0.58 0.50

F value 4.4,p .005 F value 2,9,p .04

DirectBilirubin

0 -< Ippm 0.22 0.20 0.05 0.02-0.40 0.15 0.10
I -<3 ppm 0.21 0.20 0.06 0.10-0.40 0.12' 0.10
3 -< 6 ppm 0.21 0.20 0.04 0.20-0.30 0.12 0.10
6 ppm 0.20 0.20 0.02 0.100.30 0.10 0.10

F value= 0.6,p =.58 F value= 3.5,p =.02



Table5 (continued)

1995 Data 1997 Da
PFOS
(ppm) Mean Median SD Range Mean Median

Cholesterol

0 -<1 ppm 219 215 47 100-340 198 197
1 -<3 ppm 216 213 43 118-315 216 219
3 -<6 ppm 214 214 35 128-278 229' 224
2!6 ppm 213 221 36 160-251 229 238

F value 0.1,p =.96 F value= 4.3,p =.006

LDL

0 -<1 ppm 140 137 43 29-261 124 128
1-<3ppm 134 134 40 44-234 141 134
3 -<6 ppm 137 135 34 65-190 148' 142
2t6 ppm 142 136 32 95-178 145 156

F value 0.2,p =.87 F value= 3.7,p =.Ol

HDL
0 -<1 ppm 53 53 13 31-94 46 48
I-<3 ppm 48 47 13 26-94 44 45
3 -<6 ppm 45 46 11 23-74 48 47
@t6 ppm 45 46 9 34-61 40 38

F value 2.9,p =.04 F value= 1.1,p =.34

Ttip,lycerides

0 -<1 ppm 129 96 98 41-622 148 107
I-<3 ppm 161 133 107 41-651 156 122
3 -<6 ppm 158 142 88 34-413 166. 158
6 ppm 132 151 45 64-187 220 191

F value= 1.1,p =.35 F value= 0.5,p =.67



Table5 (continued)

1995 Data 1997 E
PFOS

(ppm) Mean Median SD Range Mean Median

Hematocrit

0 -<1 ppm 47 47 2 43-51 46 46
1-<3 ppm 46 46 3 38-52 45 46
3 -<6 ppm 47 47 2 41-52 46 44
> 6 ppm 47 48 2 44-49 45 44

F value 2.4,p =.07 F value 2.1,p =.I I

Hemoglobin

0 -<1 ppm 15.5 15.5 0.7 14.0-16.7 15.5 15.5
1 -<3 ppm 15.2 15.2 1.0 13.0-17.4 15.4 15.5
3 -<6 ppm 15.5 15.5 0.8 13.6-17.4 15.0 14.7
6 ppm 15.5 15.4 0.7 14.7-16.2 15.1 15.0

F value 2.2,p =.10 F value 1.8,p 15

RBC

0 -<1 ppm 5.0 5.0 0.3 4.3-5.7 5.1 5.2
1 -<3 ppm 4.9 4.9 0.3 4.3-5.7 5.0 5.1
3 -<6 ppm 5.0 5.o 0.2 4.6-5.5 5.0 5.0
6 ppm 5.0 4.9 0.5 4.0-5.7 5.0 4.9

F value=0.4,p = .75 F value= 1.4,p = .25



Table5 (continued)

1995 Data 1997 D
PFOS

(ppm) Mean Median SD Range Mean Median

MCH

0 -<1 ppm 31.3 31.2 1.6 27.7-34.3 30.4 30.3
1 -<3 ppm 30.9 30.9 1.4 26.4-34.3 30.6 30.5
3 -<6 ppm 31.2 31.3 1.5 26.0-33.6 30.2 31.2
@ 6 ppm 31.2 30.5 2.8 28.2-36.9 30.5 30.5

F value 0.9,p =.45 F value=0.6,p .65

MCHC

0 -<1 ppm 33.1 33.2 0.7 31.9-34.7 33.6 33.6
1 -<3 ppm 33.2 33.1 0.6 31.7-34.5 33.6 33.6
3 -<6 ppm 33.1 32.6 0.7 31.3-34.3 33.5 33.5
6 ppm 33.1 33.3 0.6 32.2-34.0 33.9 33.9

F value= 0.2,p = .90 F value 0.7,p =.56

mcv

0 -<1 ppm 94 95 5.2 85-106 90 90
1 -<3 ppm 93 94 4.3 80-104 91 91
3 -<6 ppm 94 94 4.8 81-104 90 91
@t6 ppm 94 92 9.7 85-115 90 91

F value= 1.1,p =.35 F value= 0.6,p =.59



Table5 (continued)

1995 Data 1997 D
PFOS

(ppm) Mean Median SD Range Mean Median

WBC

0 -<1 ppm 6.1 6.0 1.3 4.1-9.4 6.1 5.8
1 -<3 ppm 7.0' 6.8 2.0 3.6-15.5 6.9 6.6
3 -<6 ppm 7.6' 6.9 2.2 4.1-13.3 6.2 6.1
2:6ppm 7.0 6.9 0.6 6.4-7.8 6.2 7.1

F value= 4.3,p =.006 F value 2.2,p =.09

Platelets

0 -<1 ppm 226 224 40 159-309 227 220
I-<3 ppm 229 224 47 122-367 229 223
3 -<6 ppm 228 226 45 132-344 220 221
6 ppm 185 182 50 132-277 199 191

F value= 2.1,p =.10 F value 0.6,p 0.60

1.Mean issignificantlydifferent(p<.05,Bonferroni(Dunn)test)thanthemean oftheotherPFOS
categories.
2. Mean issignificantlydifferent(p<.05,Bonferroni(Dunn)test)thanthemean of0 -< I ppm PFOS
category.
3. Mean issignificantlydifferent(p<.05,Bonfeffoni(Dunn)test)thanthemean of I -< 3 ppm category.

Sample Size 1995 Data 1997 Data
0 -<1 ppm 45 60
1 -<3 ppm 91 63
3 -<6 ppm 35 21
2:6ppm 7 5



Table 6

Mean, Median (Med),StandardDeviation(SD) ofMean and Range of PFOS,
Demographic, Serum Chemistriesand HematologicalValues by PlantLocation,1995

1995 Data
PFOS* Antwerp Decatur

(I)R Mean Med SD Range Mean Med SD Range

PFOS
0 <1 0.46' 0.45 0.29 0.00-0.90 0.60' 0.63 0.19 0.25-0.88
1 <3 1.69' 1.50 0.57 1.00-2.90 1.89' 1.89 0.58 1.00-2.91
3 <6 3.96' 3.70 0.79 3.00-5.60 4.31' 4.23 0.82 3.11-5.80
> 6 8.171 8.50 1.92 6.10-9.90 8.17' 6.90 3.20 6.06-12.83

F value= 241.0,p =.0001 F value= 114.5,p = .0001

Age
0 <1 36 36 7 21-52 40 39 11 29-58
1 <3 36 34 9 25-60 46 46 7 30-58
3 <6 37 37 7 28-51 44 44 7 26-55
>6 40 37 6 37-47 48 47 7 42-56

F value= 0.5,p =.71 F value= 2.0,p =.12

Alcohol
0 <1 1.0 0.7 1.0 0.0-3.6 0.1 0.0 0.3 0.0-0.9
1 <3 1.0 0.8 0.9 0.0-3.6 0.2 0.0 0.4 0.0-2.0
3 <6 2.0 1.3 2.2 0.0-6.0 0.4 0.0 0.9 0.0-3.4
>6 1.7 1.4 1.1 @0.7- 2.9 0.0 0.0 0.0 0.0-0.1

F value= 2.9,p .04 F value= 1.1,p =.37

BMI
0 <1 24.1 24.3 2.4 17.9-28.1 30.1 28.0 5.3 22.8-38.7
1 <3 24.3 23.8 2.4 19.6-31.6 29.6 28.3 6.2 22.3-60.7
3 <6 23.1 23.0 3.3 17.9-31.4 27.0 27.5 3.4 19.1-32.5
>6 23.7 24.7 2.8 20.6-25.8 30.7 30.2 1.6 29.4-33.0

F value= 0.9, p =.47 F value= 1.1,p = .35



Table 6
(continued)

PFOS AntwerR Decatur

(PRM) Mean Med SD Range Mean Med SD Range

Cigarettes
0 <1 3.0 0.0 7.0 0-25 1.4 0.0 3.8 0-13
1 <3 4.1 0.0 7.0 0-23 8.3 0.0 12.9 0-40

3 <6
9.13 7.5 9.0 0-25 12.5 0.0 15.7 0-40

>6 1.0 0.0 1.7 0-3 0 0.0 0 0-0
F= 3.1, p .03 F value= 2.3,p = .09

AlkalinePho§Rhatase
0 <1 75 75 16 31-104 96 99 29 47-158
1 <3 73 66 19 49-108 98 95 27 49-191

3 <6 79 78 20 32-12195 95 96 18 58-124.
>6 74 74 11 63-85 98 91 27 73-136

F value= 0.5,p =.69 F value= 0.1,p = .98

GGT
0 <1 39 29 22 16-111 55 41 41 21-155
1 <3 48 30 58 12-293 46 40 24 2-118
3 <6 34 34 11 21-55 47 48 16 21-80
>6 31 32 3 28-33 52 49 20 30-79

F value= 0.7,p =.55 F value= 0.5,p = .71

AST
0 <1 26 23 13 15-96 32 31 9 19-52
1 <3 27 26 14 14-90 29 27 10 17-85

3 <6 23 22 5 13-35 27 26 5 21-37

>6 33 35 6 26-37 34 32 7 28-43
F value= 0.9,p =.45 F value= 0.9,p =.44



Table 6
(continued)

PFOS AntweER Decatur
(ppm) Mean Med SD Range Mean Med SD Range

ALT
0 <1 46 42 18 27-108 55 47 24 37-118
1 <3 45 40 18 26-122 47 42 22 18-183
3 <6 40 39 6 30-52 43 42 9 30-59
>6 50 38 28 29-82 52 53 8 41-59

F value= 0.7,p =.59 F value= 0.8,p =.49

TotalBilirubin
0 <1 0.96 0.80 0.55 0.40-2.90 0.65 0.60 0.16 0.40-0.90
1 <3 0.83. 0.80 0.26 0.40-1.30 0.57 0.50 0.28 0.20-1.50
3 <6 0.75 0.70 0.30 0.30-1.40 0.51 0.50 0.18 0.20-1.00
>6 0.93 0.90 0.25 0.70-1.20 0.63 0.65 0.10 0.50-0.70

F value= 1.2,p =.31 F value= 0.7,p =.54

DirectBilirubin
0 <1 0.23 0.20 0.06 0.20-0.40 0.20 0.20 0.00 0.20-0.20
1 <3 0.22 0.20 0.04 0.20-0.30 0.20 0.20 0.06 0.10-0.40
3 <6 0.21 0.20 0.03 0.20-0.30 0.20 0.20 0.04 0.20-0.30
>6 0.20 0.20 0.00 0.20-0.20 0.20 0.20 0.08 0.10-0.30

F value= 0.7,p =.55 F value= 0.4,p =.74

BUN
0 <1 17.0 17.0 3.6 12.0-26.0 14.8 15.0 2.7 11.0-21.0
1 <3 16.7 16.0 3.8 11.0-26.0 14.7 14.0 4.0 8.0-24.0
3 <6 17.3 17.0 3.8 10.0-23.0 15.2 15.0 3.1 10.0-23.0
>6 17.3 21.0 6.4 10.0-21.0 13.5 13.5 0.06 13.0-14.0

F value= 0.1,p = .95 F value= 0.2,p = .87

Creatinine
0 <1 1.0 0.9 0.2 0.8-1.6 1.1 1.1 0.2 0.7-1.3
1 <3 0.9 0.9 0.1 0.7-1.1 1.1 1.1 0.2 0.9-1.6
3 <6 0.93 0.9 0.1 0.7-1.0 1.1 1.1 0.1 0.8-1.2

>6 0.8 0.8 0.2 0.6-0.9 1.3 1.3 0.2 1.2-1.6
F value= 4.7,p = .004 F value= 3.8,p = .01



Table 6
(continued)

PFOS Antwelp Decatur
(R]2m) Mean Med SD Range Mean Med SD Range

Glucose
0 <1 83 83 8 66-103 90 86 28 66-170
1 <3 82 81 13 60-126 93 89 25 67-260
3 <6 80 82 9 66-101 89 89 14 66-114
>6 72 72 2 71-74 93 92 12 83-105

F value= 1.3,p =.29 F value= 0.1,p = .94

Cholesterol
0 <1 220 219 50 100-340 215 208 39 154-276
1 <3 206 211 49 118-315 221 218 39 132-300
3 <6 217 215 30 178-266 209 213 42 128-278
>6 223 221 16 208-240 206 206 47 160-251

F value= 0.6,p =.61 F value= 0.5,p =.69

LDL
0 <1 140 138 45 29-261 139 130 38 79-192
1 <3 131 124 46 44-220 136 136 36 62-234
3 <6 143 139 27 99-189 131 128 41 65-190
>6 144 136 20 130-168 139 142 42 95-178

F value= 0.4,p =.76 F value = 0.1, p =.94

HDL
0 <1 56 57 13 31-94 43 41 9 31-59
1 <3 53 51 13 33-79 45 44 12 26-94
3 <6 50 49 11 31-74 39 39 9 23-51
>6 53 49 7 48-61 39 39 5 34-46

F value = 1.1, p =.35 F value= 1.4,p=.25

Triglycerides
0 <1 117 93 98 41-622 167 151 94 62-307
1 <3 105 75 65 41-368 191 146 114 61-651
3 <6 126 112 64 34-278 199 198 99 78-413
>6 129 116 52 85-187 135 153 48 64-168

F value= 0.3,p =.81 F value= 0.5,p =.67



Table 6
(continued)

PFOS AntweER Decatur
(12vm) Mean Med SD RanLe Mean Med SD Range

Hematocrit
0 <1 47 47 2 43-51 46 45 2 43-50
1 <3 46 47 2 42 -51 45 45 3 38-52
3 <6 48 47 2 44-51 46 46 3 41-52
>6 47 48 1 46-48 46 46 2 44-49

F value= 1.5,p = 23. F value= 0.3,p =.83

Hemoglobin
0 <1 15.5 15.5 0.8 14.0-16.7 15.5 15.4 0.7 14.5-16.4
1 <3 15.2 15.3 0.7 13.8-16.6 15.1 15.1 1.1 13.0-17.4
3 <6 15.6 15.6 0.5 14.6-16.7 15.3 15.3 1.0 13.6-17.4
>6 15.4 15.4 0.6 14.8-16.0 15.5 15.6 0.8 14.7- 16.2

F value= 1.4,p =.26 F value= 0.7,p =.58

RBC
0 <1 4.9 5.0 0.3 4.3-5.7 5.1 5.1 0.2 4.8-5.5
1 <3 4.9 4.9 0.2 4.3-5.4 4.9 4.9 0.3 4.3-5.7
3 <6 5.0 5.0 0.2 4.7-5.3 5.0 4.9 0.3 4.6-5.5
>6 4.7 4.9 0.6 4.0-5.2 5.2 5.1 0.4 4.8-5.7

F value= 0.9,p =.46 F value= 1.1,p = .35

MCH
0 <1 31.5 31.3 1.5 27.7-34.3 30.7 30.7 1.6 28.7-33.5
1 <3 31.2 31.0 1.2 29.5-34.3 30.7 30.9 1.5 26.4-33.1
3 <6 31.5 31.9 1.2 29.1-33.3 30.9 31.2 1.7 26.0-33.6
>6 33.0 32.5 3.7 29.6-36.9 29.9 30.4 1.2 28.2-30.7

F value= 1.4,p =.25 F value= 0.4,p =.74

MCHC
0 <1 32.9 33.0 0.6 31.9-34.5 33.8 33.9 0.6 32.9-34.7
1 <3 32.9 32.8 0.6 31.7-33.8 33.3 33.3 0.5 31.9-34.5
3 <6 32.8 32.7 0.7 31.3-34.2 33.4 33.4 0.6 32.1-34.3
>6 32.6 32.4 0.5 32.2-33.1 33.5 33.4 0.3 33.3-34.0

F value= 0.4,p =.78 F value= 2.2,p=.10



Table 6
(continued)

PFOS AntweEp Decatur
(ppm) Mean Med SD Range Mean Med SD Range

mcv
0 <1 96 96 5 85-106 91 90 4 85-99
1 <3 95 95 3 90 - 10* 92 93 4 80-100
3 <6 96 97 4 88-104 92 92 5 81-101
>6 101 98 12 91-115 89 90 3 85-92

F value= 1.8,p =.16 F value= 0.8,p =.50

WBC
0 <1 5.9 5.7 1.3 4.1-9.4 6.8 6.9 1.1 5.0-9.0
1 <3 6.1 6.1 1.3 3.8-8.8 7.5 7.0 2.2 3.6-15.5
3 <6 7.5' 6.9 2.5 4.1-13.3 7.7 7.4 1.9 4.9-11.5
>6 6.5 6.4 0.2 6.4-6.7 7.4 7.4 0.4 6.9-7.8

F value= 4.5,p = .006 F value= 0.5,p =.72

Platelets
0 <1 224 222 42 159-309 233 246 35 162-271
1 <3 222 220 41 153-318 233 225 50 122-367
3 <6 237 4 234 52 132-344 218 214 34 172-287
>6 162 151 36 132-202 202 194 56 143-277

F value= 2.6,p =.06 F value= 1.0,R =.40

*Sample sizes:
FC95 Level Antwelp Decatur
0 < Ippm 34 11
1 < 3 ppm 32 59
3 < 6 ppm 19 16
2!6 ppm 3 4

88 90

1.Significantlydifferent(p<.05,Bonferroni(Dunn) t-test)thantheremainingthreePFOS
exposure categories.
2. Significantlydifferent(p< .05,Bonferroni(Dunn)t-test)thanthe0 -< I ppm and theI -
< 3 ppm categories.
3. Significantlydifferent(p<.05,Bonfeffoni(Dunn)t-test)thanthe0 -< I ppm category.
4. Significantlydifferent(p< .05,Bonfeffoni(Dunn) t-test)thanthe 3 -< 6 ppm category.



Table 7

Mean, Median (Med),StandardDeviation(SD) ofMean and Range of PFOS,
Demographic, Serum Chemistriesand HematologicalValues by PlantLocation,1997

1997 Data
PFOS* AntwerR Decatur

Mean Med SD Range Mean Med SD Range

PFOS
0 -< 1 0.46' 0.37 0.27 0.10-0.94 0.60' 0.59 0.26 0.10-0.97
I -< 3 1.89' 1.79 0.61 1.02-2.89 1.71' 1.53 0.52 1.04-2.85
3 -< 6 3.87' 3.66 0.59 3.22-4.83 3.87' 3.51 0.81 3.09-5.30
>6 - - - - 7.20' 6.68 1.59 6.05-9.93

F value= 195.3,p = .0001 Fvalue=218.1, p=.0001

Age
0 -< 1 29 28 6 21-50 43 44 9 23-62
1 -< 3 37

3
37 9 24-63 45 45 8 31-62

3 -< 6 37
3

37 3 32-40 45 44 4 36-54
>6 - - - - 42 45 9 29-52

F value= 10.4,p = .0001 F value= 0.5, p =.69

Alcohol
0 -< 1 0.8 0.5 1.0 0.0-4.3 0.2 0.1 0.4 0.1-2.0
1 -< 3 1.0 0.7 1.1 0.0-5.0 0.1 0.1 0.1 0.1-0.3
3 -< 6 2.23 1.4 2.3 0.0-7.1 0.1 0.1 0.1 0.1-0.3
> 6 - - - 0.2 0.1 0.3 0.1-0.8

F value= 4.3, p =.02 F value= 0.8, p =.49

BNU
0 -< 1 22.9 21.9 2.1 20.2-28.3 29.3 28.9 4.9 22.4-41.7
1 -< 3 24.2 23.9 2.8 18.1-30.4 30.0 29.0 6.0 20.2-48.5
3 -< 6 23.6 24.9 3.1 19.2-28.3 30.0 29.3 3.0 25.4-36.0
> 6 - - - 30.8 29.7 4.0 26.1-36.2

F value= 2.0,p =.15 F value= 0.2,p =.91



Table7
(continued)

PFOS AntweIR Decatur

ipp-M) Mean Med SD Range Mean Med SD Range

Ci,earettes
0 -< 1 4.2 0.0 6.7 0-20 5.3 0.0 11.6 0-40
1 -< 3 7.3 2.0 8.1 0-20 8.7 0.0 13.0 0-40

3-<6 5 0.0 7.8 0-20 3.3 0.0 9.0 0-30
>6 - - - - 6.0 0.0 13.4 0-30

F = 1.3,p .28 F value= 0.8,p =.51

AlkalinePhOsRhatase
0 -< 1 69 68 14 49-110 86 84 16 55-132
1 -< 3 74 74 16 41-113 88 83 26 41-163
3 -< 6 64 59 24 29-120 85 83 15 61-109
> 6 - - - - 88 84 18 65-114

F value= 1.5,p =.22 F value= 0.1,p = .96

GGT
0 -< 1 21 17 10 10-50 36 32 25 13-142
1 -< 3 34 24 34 10-144 37 27 33 13-179
3 -< 6 25 22 10 14-43 31 28 15 13-71
> 6 - - - - 33 37 12 17-48

F value= 2.5,p .09 F value= 0.2,p =.91

AST
0 -< 1 27 26 7 17-53 26 25 7 13-48
1 -< 3 27 25 7 15-48 26 25 7 18-56

3 -< 6 25 24 4 19-30 25 23 9 14-43
> 6 - - - 29 28 3 26-34

F value= 0.2,p =.80 F value= 0.4,p = .77



Table7
(continued)

PFOS AntweER Decatur
(R]2 Mean Med SD Range Mean Med SD Range

ALT
0 -< 1 30 25 12 13-60 33 31 11 17-57
I -< 3 33 31 16 13-87 33 28 16 10-89
3-<6 28 23 10 14-46 38 33 21 17-82
>6 - - - - 41 45 10 25-49

F value= 0.6,p = .58 F value= 0.9,p =.45

TotalBilirubin
0 -< 1 0.90 0.80 0.46 0.40-2.30 0.63 0.60 0.30 0.30-1.40
1 -< 3 0.68 0.70 0.23 0.30-1.30 0.56 0.50 0.18 0.30-1.00
3 -< 6 0.79 0.70 0.40 0.30-1.30 0.51 0.50 0.16 0.30-0.90
> 6 - - - - 0.58 0.50 0.24 0.40-1.00

F value= 2.3,p = .11 F value= 1.0,p = .41

DirectBilirubin
0 -< 1 0.16 0.20 0.08 0.10-0.40 0.13 0.10 0.06 0.10-0.30
1 -< 3 0.13 0.10 0.05 0.10-0.20 0.11 0.10 0.03 0.10-0.20
3 -< 6 0.14 0.10 0.05 0.10-0.20 0.11 0.10 0.03 0.10-0.20
> 6 - - 0.10 0.10 0.00 0.10-0.10

F value= 2.2,p =.12 F value= 1.3,p =.28

BLTN
0 -< 1 14.3 14.0 2.1 11.0-19.0 14.7 14.0 3.3 9.0-21.0
1 - < 3 15.2 15.0 2.6 10.0-20.0 13.5 13.5 3.5 6.0-26.0
3 -< 6 16.0 16.0 2.7 12.0-20.0 14.3 14.0 3.0 9.0-19.0
> 6 - - - 13.8 12.0 4.1 9.0-19.0

F value= 2.1, p =.13 F value= 0.7,p =.56

Creatinine
0 -< 1 0.9 0.9 0.1 0.7-1.2 1.0 1.0 0.1 0.6-1.2
1 -< 3 0.9 0.9 0.1 0.7-1.3 1.0 1.0 0.1 0.7-1.3
3-<6 0.9 0.9 0.1 0.8-1.1 1.0 1.0 0.1 0.7-1.1
> 6 - - - 1.0 0.9 0.2 0.8-1.4

F value= 0.3,p = .76 F value= 0.2,p =.89



Table7
(continued)

PFOS Antwerp Decatur
(12R Mean Med SD Ran&e Mean Med SD Range

Glucose
0 -< 1 81 82 10 63-114 93 91 21 58-174
1 -< 3 79 78 9 65 - lo@ 102 89 47 75-303
3 -< 6 84 85 8 74-96 103 93 30 79-192
> 6 - - - - 89 88 7 80-97

F value= 0.8,p =.47 F value= 0.5,p = .67

Cholesterol
0 -< 1 193 190 41 110-277 204 208 38 145-277
1 -< 3 213 205 48 116-365 218 226 39 152-290
3 -< 6 228 223 38 192-321 230 230 23 197-280
> 6 - - - - 229 238 26 186-250

F value= 2.9,p =.07 F value= 2.0,p =.13

LDL
0 -< 1 122 114 35 57-205 127 133 33 50-178
1 -< 3 143 134 42 67-290 139 135 35 61-196
-3-<6 147 141 24 111-195 149 144 25 113-196
> 6 - - - - 145 156 26 103-164

F value= 3.0,p =.06 F value= 1.6,p =.19

HDL
0 -< 1 51 50 12 19-74 42 41 9 26-59
1 -< 3 48 46 10 34-68 42 41 10 28-69
3 -< 6 51 50 10 39-69 45 45 10 32-62
> 6 - - - - 40 38 4 37-45

F value= 0.8,p =.47 F value= 0.5,p =.67

Tiijzlycerides
0 -< 1 99 92 41 38-175 200 128 219 46-1209
1-< 3 112 95 58 44-290 185 147 124 63-534
3 -< 6 150 122 88 65-362 179 183 98 45-394
> 6 - - - 220 191 83 149-352

F value= 2.9,p =.06 F value= 0.1,p = .95



Table 7
(continued)

PFOS AntweM Decatur

(RR Mean Med SD Range Mean Med SD ---Ranae

Hematocrit
0 -< 1 47 47 3 42-52 46 45 2 40-50
1 -< 3 46 47 3 40-53 46 46 3 39-51
3 -< 6 46 45 3 42-50 44 44 2 39-48
>6 - - - - 45 44 2 42-47

F value= 0.7,p =.51 F value= 1.6,p =.18

Hemoglobin
0 -< 1 15.6 15.5 0.8 14.2-17.0 15.4 15.4 0.7 13.5-16.9
1 -< 3 15.4 15.6 1.0 13.3-17.3 15.4 15.5 0.9 13.5-17.3
3 -< 6 15.2 14.7 1.0 14.0-16.7 14.8 14.7 1.0 12.5-16.5
> 6 - - - 15.1 15.0 0.8 14.1-16.2

F value= 0.7,p =.48 F value= 1.7,p =.18

RBC
0 -< 1 5.1 5.2 0.4 4.6-5.9 5.1 5.1 0.3 4.3-5.7
1 -< 3 5.0 5.1 0.3 4.1-5.5 5.1 5.1 0.3 4.2-5.5
3-<6 4.9 4.8 0.4 4.4-5.7 5.0 5.0 0.3 4.5-5.4
> 6 - - - 5.0 4.9 0.3 4.7-5.5

F value= 1.7,p =.19 F value= 0.4,p =.78

MCH
0 - < 1 30.4 30.4 1.3 27.9-33.5 30.3 30.2 1.8 27.6-34.1
1 -< 3 30.6 30.5 0.9 29.2-32.8 30.6 30.6 1.4 26.7-33.8
3 -< 6 30.9 31.4 1.4 28.8-32.7 29.7 30.5 2.2 26.2-32.9
> 6 - - - 30.5 30.5 2.1 27.5-33.4

F value= 0.9,p =.40 F value= 1.0,p = .41

MCHC
0 -< 1 33.4 33.4 0.5 32.2-34.0 33.8 33.7 0.5 32.8-34.9
1 -< 3 33.3 33.2 0.5 31.8-34.1 33.8 33.8 0.5 32.7-34.6
3 -< 6 33.4 33.5 0.5 32.4-34.3 33.6 33.9 0.8 32.0-34.4
> 6 - - - 33.9 33.9 0.5 33.4-34.6

F value= 0.6,p = .54 F value= 0.6,p =.62



Table7
(continued)

PFOS Antwerp Decatur
(ppm) Mean Med SD Range Mean Med SD Range

mcv
0 -< 1 91 91 4 84-101 90 89 5 83-101
1-< 3 92 92 3 87-99 91 90 4 81-99
3 -< 6 93 95 5 86-97 88 89 5 80-96
>6 - - - - 90 91 6 81-96

F value= 1.3,p =.29 F value= 0.9,p =.45

WBC
0 -< 1 6.0 5.7 1.3 3.8-8.8 6.3 5.9 1.6 4.0-10.3
1-< 3 7.1 6.8 2.2 4.4-13.2 6.7 6.6 1.6 3.8-10.1
3 -< 6 6.4 6.0 1.8 4.2-10.0 6.1 6.1 1.3 4.0-8.9
> 6 - - - 6.2 7.1 1.5 4.2-7.4

F value= 2.6,p = .08 F value= 0.8,p =.51

Platelets
0 -< 1 237 232 55 126-406 215 207 50 106-363
1 -< 3 243 232 48 151-359 219 210 48 124-323
3-<6 215 225 41 147-263 224 219 50 159-316
> 6 - - - - 199 191 58 146-295

F value= 1.1.R = .35 F value= 0.3.p =.80

*Sample sizes:
FC95 Level Antwerp Decatur
0 -< I ppm 31 29
1 -< 3 ppm 25 38
3 -< 6 ppm 9 12
2:6ppm 0 5

65 84

1. Significantlydifferent(p<.05,Bonferroni(Dunn)t-test)thantheremainingthree
PFOS exposurecategories.
2. Significantlydifferent(p< .05,Bonfeffoni(Dunn)t-test)thanthe0 -< I ppm andthe
I -< 3 ppm categories.
3. Significantlydifferent(p< .05,Bonferroni(Dunn)t-test)thanthe0 -< I ppm
category.



Table8

MultivariableRegressionofSerum Chemistriesand HematologicalParameters-Examinationofthe
EffectofPFOS AdjustingforAge, Alcohol,BNE and Cigarettes,

Antwerp and DecaturData Combined,
1995 and 1997 Examinations

AlkalinePhosl2hatase
1995 Data 1997 Data

Parameter SE ]2value Parameter SE ]2value

Intercept 52.99 11.14 .0001 40.87 9.60 .0001

PFOS 0.32 0.89 .72 0.19 1.03 .86

Age 0.08 0.20 .68 0.45 0.18 .01

Alcohol -5.43 1.53 .0005 -2.09 1.61 .20

BNE 1.04 0.34 .002 0.69 0.34 .04

Cigarettes 0.85 0.15 .0()Ol 0.49 0.15 .002

R 2 = .26 Adj R2 = .24 R 2 = .19 Adj R 2 = .16-

InGGT
1995 Data 1997 Data

Parameter SE R value Parameter SE 12value

Intercept 2.3816 0.2711 .0001 2.0471 0.2592 .0001

PFOS 0.0032 0.0217 .88 0.0178 0.0280 .53

Age 0.0040 0.0048 .41 0.0036 0.0049 .47

Alcohol 0.0605 0.0373 .11 0.0747 0.0438 .09

BNE 0.0372 0.0082 .0001 0.0365 0.0091 .0001

Cigarettes 0.0076 0.0038 .05 0.0030 0.0042 .48

R 2 = .14 Adj R 2 = .12 R'=.15 Adj R2 =.12

AST
1995 Data 1997 Data

Parameter SE R value Parameter SE p value

Intercept 12.62 5.52 .02 23.25 3.50 .0001

PFOS 0.42 0.44 .35 -0.11 0.38 .77

Age 0.0005 0.10 .99 -0.07 0.07 .29

Alcohol 0.70 0.76 .36 0.40 0.59 .50

BNH 0.54 0.17 .002 0.23 0.12 .07

Cigarettes -0.11 0.08 .14 -0.07 0.06 .20

R 2 = .08 Adj R 2 = .05 R 2 =.04 Adj R 2 =.00



Table8 (continued)

ALT
1995 Data 1997 Data

Parameter SE 12value Parameter SE r)value
Intercept 28.54 9.46 .003 11.60 6.78 .09
PFOS 0.09 0.76 91 0.97 0.73 .19
Age -0.18 0.17 .28 -0.19 0.13 .14
Alcohol -0.16 1.30 .90 0.31 1.14 .79
BMI 0.96 0.29 .001 1.00 0.24 .0001
Cigarettes -0.14 0.13 .28 -0.09 0.11 .40

R 2 = .08 Adj R 2 = .05 R2=.13 Adj R 2
= .10

InTotalBilirubin
1995 Data 1997 Data

Parameter SE p value Parameter SE 12value
Intercept 0.2742 0.1958 .16 -0.1395 0.1945 .47
PFOS -0.0984 0.0368 .008 -0.1620 0.05-15 .002
pFOS2 0.0086 0.0039 .03 0.0188 0.0070 .009
Age 0.0052 0.0035 .14 0.0015 0.0037 .70
Alcohol 0.0738 0.0268 .007 0.1220 0.0327 .0003
BNH -0.0273 0.0059 .0001 -0.0097 0.0068 .16
Cijzarettes -0.0158 0.0028 .0001 -0.0054 0.0031 .09

R 2 = .32 Adj R 2 = .30 R'=.18 Adj R 2 = .14

DirectBilirubin
1995 Data 1997 Data

Parameter SE R value Parameter SE 12value
Intercept 0.2196 0.0259 .0001 0.1929 0.0264 .0001
PFOS -0.0009 0.0021 .68 -0.0061 0.0029 .03
Age 0.0006 0.0005 .17 -0.0002 0.0005 .69
Alcohol 0.0074 0.0036 .04 0.0106 0.0045 .02
BNU -0.0012 0.0008 .13 -0.0017 0.0009 .07
Cijzarettes -O.OW7 0.0004 .06 -O.OW9 0.0004 .05

R 2 = .06 Adj R 2 .03 R'=.14 Adj R 2
=.Il



Table 8 (continued)

BUN
1995 Data 1997 Data

Parameter SE R value Parameter SE p value
Intercept 18.64 1.94 .0001 13.22 1.47 .0001
PFOS -0.02 0.15 .91 -0.08 0.16 .60
Age -0.03 0.03 .39 0.08 0.03 .005
Alcohol 0.37 0.27 .17 0.50 0.25 .05
BNH -0.05 0.06 .42 -0.07 0.05 .20
Ci-garettes -0.08 .03- .004 -0.05 0.02 .05

R 2 = .08 Adj R
2 =

.05 R
2 =.Og

Adj R 2 = .06

Creatinine
1995 Data 1997 Data

Parameter SE R value Parameter SE R value
Intercept 0.5744 0.0779 .0001 0.9478 0.0602 .0001
PFOS -0.0223 0.0146 .13 -0.0302 0.0159 .06
PFOS' 0.0033 0.0016 .04 0.0055 0.0022 .01
Age 0.0059 0.0013 .0001 0.0027 0.0012 0.02
Alcohol -0.0260 0.0106 .02 -0.0242 0.0101 .02
BNE 0.0086 0.0023 .0003 -0.0022 0.0021 .30
Cigarettes -0.0005 0.0011 .65 -0.0019 0.0010 .05

R 2 = .29 Adj R 2 = .27 R'=.16 Adj R 2 =.13

InGlucose
1995 Data 1997 Data

Parameter SE R value Parameter SE R value
Intercept 3.8943 0.0732 .0001 3.8597 0.0919 .0001
PFOS -0.0039 0.0058 .51 0.0014 0.0098 .89
Age 0.0045 0.0013 .0006 0.0025 0.0017 .15
Alcohol -0.0026 0.0101 .79 -0.0068 0.0154 .66

BNH 0.0143 0.0022 .0001 0.0195 0.0032 .0001
Cigarettes -O.OW3 0.0010 .78 -0.0013 0.0015 .39

R 2 = .31 Adj R 2 = .29 R 2 =.30 Adj R
2

.27



Table8 (continued)

Cholesterol
1995 Data 1997 Data

Parameter SE R value Parameter SE R value
Intercept 190.1 22.1 .0001 155.5 19.0 .0001
PFOS -0.99 1.77 .58 4.66 2.04 .02
Age 0.74 0.39 :06 1.39 0.36 .0002
Alcohol -0.40 3.04 .90 7.50 3.18 .02
BNU -0.04 0.67 .95 -0.40 0.67 .55
Cigarettes -0.18 0.31 .56 -0.08 0.30 .80

R 2 = .02 AdjR'=.00 R'=.17 Adj R 2 =.14

LDL
1995 Data 1997 Data

Parameter SE R value Parameter SE p value
Intercept 135.26 20.27 .0001 114.69 17.06 .0001
PFOS 0.50 1.61 .76 4.01 1.82 .03
Age 0.58 0.36 .11 1.04 0.32 .002
Alcohol -3.33 2.78 .23 4.29 2.84 .13
BNE -6.67 0.61 .28 -1.09 0.60 .07
Cigarettes -0.52 0.28 .07 -0.02 0.28 .95

R 2 = .05 Adj R 2 = .02 R 2 = .13 Adj R 2
= .10

HDL
1995 Data 1997 Data

Parameter SE R value Parameter SE R value
Intercept 70.82 5.73 .0001 66.71 4.52 .0001
PFOS -1.17 0.46 .01 -0.22 0.49 .65
Age -0.11 0.10 .27 0.12 0.09 .17
Alcohol 3.53 0.79 .0001 2.01 0.76 .009
BNH -0.63 0.17 .0004 -0.95 0.16 .0001
Ci%zarettes -0.17 0.08 0.03 -0.16 0.07 .03

R 2 = .28 Adj R 2 .26 R 2 = .29 Adj R 2 .26



Table8 (continued)

Tri-glycerides
1995 Data 1997 Data

Parameter SE 12value Parameter SE p value
Intercept -103.29 45.97 .03 -187.99 58.18 .002
PFOS -1.78 3.68 .63 -0.33 6.28 .96
Age 1.54 0.82 .06 1.37 1.11 .22
Alcohol -0.43 6.32 95 14.68 9.82 .14
BMI 6.71 1.39 .0001 10.06 2.05 .0001
Cigarettes 2.70 0.64 .0001 1.87 0.94 .05

R 2 = .24 Adj R' = .22 R' = .23 Adj R 2 = .20

Hematocrit
1995 Data 1997 Data

Parameter SE p value Parameter SE D value
Intercept 48.01 1.36 .0001 46.73 1.28 .0001
PFOS -0.06 0.11 .57 -0.25 0.14 .07
Age 0.0005 0.02 .98 -0.03 0.02 .20
Alcohol 0.10 0.19 .58 0.15 0.22 0.50
BMI -0.08 0.04 .06 0.01 0.05 0.75
Cigarettes 0.05 0.02 .007 0.04 0.02 .04

R' = .08 Adj R 2 = .05 R 2 = .08 Adj R 2 = .04

Hemoglobin
1995 Data 1997 Data

Parameter SE p value Parameter SE R value
Intercept 15.78 0.45 .0001 15.43 0.43 .0001
PFOS -0.02 0.04 .53 -0.08 0.05 .07
Age 0.004 0.008 .57 -0.006 0.01 .46
Alcohol -0.02 0.06 .77 0.01 0.07 .85
BMI -0.03 0.01 .06 0.008 0.02 .59
Cigarettes 0.02 0.006 .02 0.02 0.007 .03

R 2 = .06 Adj R 2 .03 R 2 = .06 Adj R 2 .03



Table 8 (continued)

RBC
1995 Data 1997 Data

Parameter SE 12value Parameter SE p value
Intercept 4.8766 0.1559 .0001 5.1416 0.1626 .0001

PFOS -0.0026 0.0123 .83 -0.0208 0.1756 .24

Age -0.0022 0.0028 .42 -0.0068 0.0031 .03
Alcohol -0.0323 0.0213 :13 -0.0111 0.0274 .69

BNU 0.0069 0.0047 .14 0.0089 0.0057 .12

Cijzarettes -0.0006 0.0022 .77 -0.0025 0.0026 .35
R 2 = .()4 Adj R 2 .0.1 R 2 = .06 Adj R' .02

MCH
1995 Data 1997 Data

Parameter SE R value Parameter SE R value
Intercept 32.292 0.725 .0001 30.062 0.706 .0001

PFOS -0.015 0.058 .79 -0.047 0.076 .54
Age 0.23 0.013 .08 0.028 0.013 .04

Alcohol 0.189 0.099 .06 0.095 0.119 .43

BNU -0.093 0.022 .0001 -0.035 0.025 .16

Cigarettes 0.0347 0.010 .001 0.046 0.011 .0001
R 2 = .20 Adj R 2 = .18 R 2 = .13 Adj R 2

= .10

MCHC
1995 Data 1997 Data

Parameter SE p value Parameter SE p value

Intercept 32.8525 0.3341 .0001 33.0109 0.2675 .0001

PFOS -0.0015 0.0266 .96 -0.0092 0.0289 .75

Age 0.0097 0.0059 .11 0.0101 0.0051 .05
Alcohol -0.1121 0.0458 .02 -0.0589 0.0451 .19

BNE -0.0006 0.0100 .95 0.0072 0.0094 .45
Cigarettes -0.0041 0.0047 .39 0.0016 0.0043 .72

R 2 = .07 Adj R 2 .05 R 2 .07 Adj R 2 =.04



Table8 (continued)

mcv
1995 Data 1997 Data

Parameter SE p value Parameter SE r)value
Intercept 98.29 2.29 .0001 90.91 1.98 .0001
PFOS -0.03 0.18 .88 -0.09 0.21 .67
Age 0.04 0.04 .33 0.06 0.04 .15
Alcohol 0.88 0.31 :01 0.49 0.33 .14
BNH -0.28 0.07 .0001 -0.12 0.07 .08
Cigarettes 0.12 0.03 .0005 0.13 0.03 .0001

R 2 = .23 Adj R 2 = .21 R 2 = .15 AdjR'=.12

Platelets
1995 Data 1997 Data

Parameter SE R value Parameter SE R value
Intercept 272.49 23.37 .0001 260.92 25.27 .0001
PFOS -3.37 1.86 .07 -2.91 2.73 .29
Age -0.88 0.41 .04 -0.25 0.48 .61
Alcohol -4.80 3.20 .14 2.37 4.26 .58
BNH -0.04 0.70 .95 -0.73 0.89. .41
Cigarettes 0.21 0.33 0.52 -0.30 0.41 .46

R 2 =.06 Adj R 2 = .03 R 2 = .03 Adj R 2
= .00

WBC
1995 Data 1997 Data

Parameter SE R value Parameter SE p value
Intercept 3.9538 0.8120 .0001 5.1296 0.6927 .0001
PFOS 0.0893 0.0646 .17 -0.0048 0.0748 .95
Age 0.0214 0.0144 .14 0.0139 0.0132 .30
Alcohol -0.0860 0.1111 .44 0.2471 0.1169 .04
BNH 0.0492 0.0244 .05 0.0045 0.0244 .86
Cigarettes 0.1009 0.0115 .()()Ol 0.0878 0.0111 .0001

R 2 = .36 Adj R 2 = .34 R 2 = .33 Adj R 2 = .31



Table 9

MultivariableRegressionofTotalBilirubin,DirectBilirubin,CreatinineCholesterol,LDL, HDL,
Heamtocrit,Hemoglobin and Platelets-ExaminationoftheEffectofPFOS
AdjustingforAge,Alcohol,BNH and Cigarettes,by Location,1995 and 1997

InTotalBilirubin-Both Locations

1995 Data 1997 Data
Parameter SE p value Parameter SE p value

Intercept 0.2742 0.1958 .16 -0.1395 0.1945 .47
PFOS -0.0984 0.0368 .008 -0.1620 0.0515 .002
pFOS2 0.0086 0.0039 .03 0.0188 0.0070 .009
Age 0.0052 0.0035 .14 0.0015 0.0037 .70
Alcohol 0.0738 0.0268 .007 0.1220 0.0327 .0003
BM -0.0273 0.0059 .0001 -0.0097 0.0068 .16
Cigarettes -0.0158 0.0028 .0001 -0.0054 0.0031 .09

R 2 = .32 Adj R' = .30 R 2 = .18 Adj R 2 = .14

InTotalBilirubin-AntweEp Onl-y

1995 Data 1997 Data
Parameter SE R value Parameter SE -Rvalue

Intercept -0.0776 0.0475 .85 -0.3130 0.5586 0.58
PFOS -0.0473 0.0575 .41 -0.2157 0.1779 .23
pFOS2 0.0035 0.0072 .63 0.0336 0.0385 .39
Age 0.0062 0.0055 .27 -0.0036 0.0081 .66
Alcohol 0.0398 0.0316 .21 0.0826 0.0441 .07
BNU -0.0115 0.0161 .48 0.0114 0.0222 .61
Cijzarettes -0.0176 0.0056 .002 -0.0102 0.0074 .17

R 2 = .15 Adj R 2 = .08 R'=.14 Adj R 2 = .05

InTotalBilirubin-DecaturOply

1995 Data 1997 Data
Parameter SE 12value Parameter SE 12value

Intercept -0.4462 0.3154 16 -0.9486 0.2932 .002
PFOS -0.0862 0.0509 .09 -0.1160 0.0578 .05
pFOS2 0.0081 0.0048 .10 0.0144 0.0072 .05
Age 0.0128 0.0048 .01 0.0134 0.0046 .005
Alcohol -0.0045 0.0828 .59 0.1708 0.1607 .29
BNH -0.0179 0.0068 .01 -0.0045 0.0073 .54
Cigarettes -0.0117 0.0031 .0004 -0.0031 0.0032 .33

R 2 = .29 Adj R 2 .24 R 2 = .17 Adj R 2=.Io



Table9
(continued)

HDL -Both Locations

1995 Data (N 178) 1997 Data (N 149)
Parameter SE R value Parameter SE R value

Intercept 70.82 5.73 .0001 66.71 4.52 .0001
PFOS -1.17 0.46 .01 -0.22 0.49 .65
Age -0.11 0.10 .27 0.12 0.09 .17
Alcohol 3.53 0.79 .0001 2.01 0.76 .009
BNH -0.63 0.17 .0004 -0.95 0.16 .0001
Cigarettes -0.17 0.08 0.03 -0.16 0.07 .03

R 2 = .28 Adj R' = .26 R' = .28 Adj R 2 = .26

HDL - Antwga Only

1995Data (N = 86) 1997Data(N = 63)
Parameter SE R value Parameter SE ' R value

Intercept 73.44 12.69 .0001 57.30 12.12 .0001
PFOS -1.55 0.73 .04 -2.26 1.17 .06
Age 0.01 0.17 .93 0.43 0.17 .01
Alcohol 3.31 0.98 .001 2.78 0.99 .007
BNH -0.87 0.50 .09 -0.82 0.48 .10
Cigarettes -0.19 0.17 .28 -0.45 0.16 .007

R 2 = .16 Adj R 2 = .11 R 2 = .28 Adj R 2 =.21

HDL -DecaturOnly

1995 Data (N = 85) 1997Data(N = 83)
Parameter SE 12value Parameter SE 12value

Intercept 66.35 9.42 .0001 69.17 7.01 .0001
PFOS -0.75 0.60 .22 0.17 0.50 .73
Age -0.14 0.14 .32 0.01 0.11 .96
Alcohol 4.71 2.48 .06 -3.07 3.87 .43
BNH -0.49 0.21 .02 -0.90 0.18 .0001
Cigarettes -0.16 0.09 .09 -0.04 0.08 .61

R 2= .14 Adj R' = .09 R 2 = .27 Adj R 2 =.22



Table9
(continued)

Platelets- Both Locations

1995 Data 1997 Data
Parameter SE p value Parameter SE R value

Intercept 23.37 -272.49 .0001 260.92 25.27 .0001
PFOS -3.37 1.86 .07 -2.91 2.73 .29
Age -0.88 0.41 .04 -0.25 0.48 .61
Alcohol -4.80 3.20 .14 2.57 4.26 .58
Bl@U -0.04 0.70 .95 -0.73 0.89 .41
Cijzarettes 0.21 0.33 .52 -0.30 0.41 .46

R 2 = .06 Adj R 2 = .03 R 2 = .03 Adj R 2 = .00

Platelets,AntweIR Only

1995 Data 1997 Data
Parameter SE p valu Parameter SE p value

Intercept 294.81 48.19 .0001 258.21 66.58 .0003
PFOS -2.57 2.77 .36 -1.99 6.44 .76
Age -0.35 0.65 .60 0.41 0.91 .65
Alcohol -3.65 3.74 .33 -0.87 5.42 .87
BMI -2.23 1.91 .25 -1.16 2.65 .66
Cigarettes 0.82 0.65 .21 -0.70 0.90 .44

R 2 =.06 Adj R 2 =.Oo R 2 =.02 Adj R 2 =.Oo

Platelets,DecaturOnly

1995 Data 1997 Data
Parameter SE I?value Parameter SE R value

Intercept 353.90 39.04 .0001 225.66 42.96 .0001
PFOS -6.08 2.50 .02 -2.75 3.09 .38
Age -1.99 0.59 .001 -0.16 0.69 .82
Alcohol 5.36 10.14 .60 8.45 23.70 .72
BNU -0.64 0.84 .45 0.14 1.10 .90
Cijzarettes -0.35 0.40 .38 -0.19 0.47 .69

R'=.19 Adj R 2 .14 R 2 = .01 Adj R 2 = .()o



Table 9
(continued)

Creatinine- Both Locations

1995 Data 1997 Data
Parameter SE p value Parameter SE p value

Intercept 0.5744 0.0779 .0001 0.9478 0.0602 .0001
PFOS -0.0223 0.0146 13 -0.0302 0.0159 .06
PFOS 2 0.0033 0.0016 .04 0.0055 0.0022 .01
Age 0.0059 0.0013 .0001 0.0027 0.0012 0.02
Alcohol -0.0260 0.0106 - .02 -0.0242 0.0101 .02
BNE 0.0086 0.0023 .0003 -0.0022 0.0021 .30
Cigarettes -0.0005 0.0011 .65 -0.0019 0.0010 .05

R 2 = .29 Adj R2 = .27 R 2 = .16 Adj R 2 =.13

Creatinine-AntweM Onl

1995 Data 1997 Data
Parameter SE 12value Parameter SE R value

Intercept 0.7319 0.1382 .0001 0.8600 0.1430 .0001
PFOS -0.0324 0.0195 .10 -0.0453 0.0455 .32
pFOS2 0.0008 0.0024 .74 0.0074 0.0099 .46
Age 0.0044 0.0019 .02 0.0033 0.0021 .11
Alcohol -0.0055 0.0107 .61 -0.0142 0.0113 .21
BNE 0.0037 0.0055 .50 -0.0012 0.0057 .83
Cigarettes 0.0017 0.0019 .36 0.0041 0.0019 .04

R 2 = .20 Adj R 2 = .14 R 2 = .14 Adj R 2 = .05

Creatinine-Decatur On]

1995 Data 1997 Data
Parameter SE ]2value Parameter SE 12value

Intercept 0.8641 0.1300 .0001 1.1363 0.1021 .0001
PFOS -0.0093 0.0206 .65 -0.0430 0.0201 .04
PFOS' 0.0036 0.0019 .07 0.0067 0.0025 .009
Age 0.0032 0.0020 .11 0.0006 0.0016 .72
Alcohol 0.0082 0.0336 .81 -0.1133 0.0559 .05
BNU 0.0032 0.0028 .26 -0.0038 0.0026 .14
Cigarettes -0.0030 0.0013 .02 -0.0034 0.0011

.003
R 2 = .23 Adj R 2 .18 R 2 = .27 Adj R 2 =.22



Table 9
(continued)

Cholesterol-Both Locations

1995 Data 1997 Data

Parameter SE p value Parameter SE R value

Intercept 190.1 22.1 .0001 155.5 19.0 .0001

PFOS -0.99 1.77 .@8 4.66 2.04 .02

Age 0.74 0.39 .06 1.39 0.36 .0002

Alcohol -0.40 3.04 .90 7.50 3.18 .02

BNH -0.04 0.67 .95 -0.40 0.67 .55

Cigarettes -0.18 0.31 .56 -0.08 0.30 .80

R 2 = .02 AdjR'=.00 R 2 =.17 Adj R 2 = .14

Cholesterol-Antwerp On]

1995 Data 1997 Data
Parameter SE R value Parameter SE p value

Intercept 62.17 43.72 .16 93.11 49.20 .06

PFOS -1.22 2.51 .63 2.37 4.74 .62

Age 2.60 0.59 .0001 2.54 0.67 .0004

Alcohol 1.13 3.39 .74 7.49 3.98 .06

BNE 2.28 1.73 .19 0.78 1.95 .69

Cigarettes 0.81 0.59 .17 -0.23 0.66 .72

R 2 = .25 Adj R' = .20 R 2 = .33 Adj R 2 = .27

Cholesterol-DecaturOnl

1995 Data 1997 Data

Parameter SE R value Parameter SE R value

Intercept 304.27 33.14 .0001 207.01 31.55 .0001

PFOS -1.03 2.19 .64 4.26 2.27 .06

Age -1.05 0.51 .04 0.48 0.51 .35

Alcohol -21.16 8.88 .02 19.54 17.41 .27

BNU -1.03 .73 .17 -.78 0.81 .34

Cigarettes -0.40 0.33 .23 -0.11 .35 .75

R 2 = .14 Adj R 2 =.09 R 2 = .07 Adj R 2 .01



Table9
(continued)

LDL
1995 Data 1997 Data

Parameter SE 13value Parameter SE R value
Intercept 135.26 20.27 .0001 114.69 17.06 .0001
PFOS 0.50 1.61 .76 4.01 1.82 .03
Age 0.58 0.36 .11 1.04 0.32 .002
Alcohol -3.33 2.78 .23 4.29 2.84 .13
BNH -6.67 0.61 .28 -1.09 0.60 .07
Cigarettes -0.52 0.28 .07 -0.02 0.28 .95

R 2 = .05 AdjR 2 = .02 R 2 = .13 Adj R 2 = .10

LDL -AntweEp On]

1995 Data 1997 Data
Parameter -SE R value Parameter SE R value

Intercept 12.14 41.44 .77 40.88 42.42 .34
PFOS 0.24 2.38 .92 1.50 4.08 .71
Age 2.15 0.56 .0003 2.22 0.58 .0003
Alcohol -3.04 3.21 .35 4.12 3.43 .23
BNH 2.04 1.64 .22 0.48 1.68 .78
Cigarettes 0.35 0.56 .53 0.26 0.57 .65

R' = .20 Adj R 2 = .15 R 2 = .29 Adj R 2 = .23

LDL -DecaturOnly

1995 Data 1997 Data
Parameter -SE - D value Parameter SE R value

Intercept 218.24 30.58 .0001 160.50 28.17 .0001
PFOS 1.06 1.96 .59 3.55 2.03 .08
Age -0.79 0.46 .09 0.20 0.45 .65
Alcohol -22.95 8.04 .006 -12.68 28.72 .66
BMI -1.38 0.67 .04 -1.27 0.72 .08
Cigarettes -0.65 0.30 .03 -0.13 0.31 .67

R' = .20 Adj R 2 .15 R 2 =.07 AdjR'=.Ol



Table9
(continued)

Hematociit-Both Locations
1995 Data 1997 Data

Parameter SE p value Parameter SE i)value
Intercept 48.01 1.36 .0001 46.73 1.28 .0001
PFOS -0.06 0.11 57 -0.25 0.14 .07
Age 0.0005 0.02 .98 -0.03 0.02 .20
Alcohol 0.10 0.19 .58 0.15 0.22 0.50
B@M -0.08 0.04 .06 0.01 0.05 0.75
Cijzarettes 0.05 0.02 .007 0.04 0.02 .04

R 2 = .08 Adj R 2 = .05 R 2 = .08 Adj R 2 .04

Hematocrit-AntweEp Onl

1995 Data 1997 Data
Parameter SE p value Parameter SE p value

Intercept 44.00 2.30 .0001 45.63 3.63 .0001
PFOS 0.06 0.13 .63 -0.29 0.35 .42
Age 0.06 0.03 .06 0.04 0.50 .37
Alcohol -0.12 0.18 .51 0.06 0.30 .84
BNH 0.02 0.09 .80 -0.02 0.14 .89
Cigarettes 0.05 0.03 .14 0.01 0.05 .79

R 2 = .08 Adj R 2 = .03 R 2 = .01 Adj R 2
= .00

Hematocrit-DecaturOn]

1995 Data 1997 Data
Parameter SE p value Parameter SE p value

Intercept 45.56 2.62 .0001 45.69 1.95 .0001
PFOS -0.05 0.17 .79 -0.28 0.14 .05
Age 0.01 0.04 .89 -0.05 0.03 .09
Alcohol -0.56 0.68 .41 -1.52 1.08 .16
BNU -0.02 0.06 .71 0.08 0.05 .11
Cigarettes 0.08 0.03 .004 0.06 0.02 .006

R 2 10 Adj R 2 =.04 R 2 = .19 Adj R 2 =.13



Table9
(continued)

Hemo-globin-Both Locations

1995 Data 1997 Data
Parameter SE R value Parameter SE 12value

Intercept 15.78 0.45 .0001 15.43 0.43 .0001
PFOS -0.02 0.04 .53 -0.08 0.05 .07
Age 0.004 0.008 .57 -0.006 0.01 .46
Alcohol -0.02 0.06 .77 0.01 0.07 .85
BNE -0.03 0.01 .06 0.008 0.02 .59
Cigarettes 0.02 0.006 .02 0.02 0.007 .03

R 2 = .06 Adj R 2 = .03 R 2 = .06 Adj R 2 = .03

Hemoglobin -AntweIR Only

1995 Data 1997 Data
Parameter SE R value Parameter SE 12value

Intercept 14.72 0.74 .0001 15.32 1.15' .0001
PFOS 0.008 0.04 .86 -0.10 0.11 .40
Age 0.02 0.01 .02 0.02 0.02 .33
Alcohol -0.04 0.06 .51 0.02 0.09 .81
BNII -0.007 0.03 .81 -0.01 0.05 .81
Cigarettes 0.005 0.01 .61 -0.006 0.02 .70

R 2 = .08 Adj R 2 = .02 R' = .03 Adj R 2 =.00

Hemoglobin -DecaturOn]

1995 Data 1997 Data
Parameter SE 12value Parameter SE 12value

Intercept 15.87 0.90 .0001 15.58 0.71 .0001

PFOS -0.03 0.06 .63 -0.10 0.05 .07
Age -0.004 0.01 .79 -0.02 0.01 .12
Alcohol -0.22 0.23 .35 -0.47 0.39 .23

BNH -0.02 0.02 .32 0.02 0.02 .25

Cigarettes 0.02 0.009 .01 0.02 0.008 .004
R 2 = .10 Adj R 2 .04 R 2 = .17 Adj R 2 =.12



Table9
(continued)

Dir-ectBilirubin-Both Locations

1995 Data 1 1997 Data
Parameter SE p value Paramcter SE p value

Intercept 0.2196 0.0259 .0001 0.1929 0.0264 ..Oool
PFOS -0.0009 0.0021 .68 -0.0061 0.0029 .03
Age 0.0006 0.0005 .17 -0.0002 0.0005 .69
Alcohol 0.0074 0.0036 .04 0.0106 0.0045 .02
BNE -0.0012 0.0008 .13 -0.0017 0.0009 .07
Cigarettes -0.0007 0.0004 .06 -0.0009 0.0004 .05

R 2 =.06 Adj R 2 = .03 R 2 = .14 Adj R 2
= .11

DirectBilinibin-AntweER Only

1995 Data 1997 Data
Parameter SE R value Parameter SE R value

Intercept 0.1794 0.0461 .0002 0.1963 0.0813 .02
PFOS -0.0034 0.0026 .21 -0.0077 0.0079 .33
Age 0.00004 0.0006 .95 -0.0017 0.0011 .13
Alcohol 0.0102 0.0036 .006 0.0112 0.0066 .10
BNO 0.0017 0.0018 .36 0.0006 0.0032 .84
Cijzarettes -0.0016 0.00()() 0.()()9 -0.0017 0.0011 .12

R'=.17 Adj R 2= .12 R 2= .14 Adj R 2 = .06

DirectBilirubin-DecaturOnly

1995 Data 1997 Data
Parameter SE R value Parameter SE R value

Intercept 0.1972 0.0478 .0001 0.1205 0.0347 .0008
PFOS 0.0025 0.0032 .44 -0.0038 0.0025 .13
Age 0.0012 0.0007 0.11, 0.0014 0.0006 .02
Alcohol -0.0114 0.0128 .37 -0.0042 0.0191 .83
BNE -0.0016 0.0011 .13 -0.0018 0.0009 .04
Ci-garettes -0.0001 0.0005 .79 -0.0004 0.0004 .27

R 2 = .07 Adj R 2 = .02 R 2 =.15 Adj R 2
= .10



Table 10

Summaries ofSimpleLinearand QuadraticRegressionModels forTotaland UnconjugatedBilirubin,19

1995 Data 1997 Data

TotalBilirubin Uncontugated TotalBilirubin Unc
Linear Ouadratic Linear Ouadratic Lineir Ouadratic Linear -

Both Locations

R 2 .002 .052 .024 .059 .016 .046 .012
intercept 0.78247 0.86532 0.56837 0.65239 0.8175 0.78963 0.57745
PFOS(P value) -0.02927(.047) -0.00918(.03) -0.0285(.04) -0.09941(.002)-0.02583(.12) -0.10456(.01) -0.01940
PFOS2 (p value) 0.00846(.02) 0.00858(.01) 0.01200(.03Y

Antwe[p

R 2 .018 .028 .017 .028 .014 .052 .012
intercept 0.92001 0.96548 0.69447 0.73919 0.85170 0.96350 0.69161
PFOS (pvalue)-0.02927(.21) -0.07872(.18) -0.02604(.23) -0.07468(.17) -0.03647(.35) -0.22847(.08) -0.02872
PFOS2 (pvalue) 0.00697(.31) 0.00686(.32) 0.04620(.20)

Decatur

R 2 .004 .010 .008 .029 0.009 .071 .002
Intercept 0.59712 0.66974 0.39803 0.48279 0.59609 0.68287 0.47268
PFOS (pvalue)-0.014363(.53) -0.05867(.09) -0.01166(.39) -0.06966(.03) -0.00894(.53) -0.09408(.02) -0.00489
PFOS2 (p value) 0.00518(.12) 0.00605(.05) 0.001143(.02)



Table II

Mean Values ofPFOS, Demographic, Serum Chemistry and Hematologic ParametersforAntwerp
and DecaturCombined Locations,1995 and 1997 Examinations

forEmployees Who Participatedand Did Not ParticipateinBoth Years

1995 Data 1997 Data
Both Years Only 1995 Both Years Only 1997

Variable (N = 61) (N = 117) (N = 61) ---(N = 88)
PFOS (ppm) 2.40 2.08 2.34*** 1.34

Age 39* 42 41* 38

BNE 27.1 26.3 27.3 26.9

Cigarettes 5.4 6.7 5.2 6.8

Alcohol 0.8 0.6 0.4* 0.4

Alk Phosphatase 87 86 79 80

GGT 44 44 37* 27

AST 29 27 26 26

ALT 46 46 33 32

Totalbilirubin 0.71 0.72 0.65 0.69

Directbilirubin 0.21 0.22 0.13 0.13

BLJN 16.2 15.7 14.6 14.3

Creatinine 1.0 1.0 1.0 1.0

Glucose 86 87 93 89

Cholesterol 212 213 225*** 201

LDL 142 134 145*** 128

HDL 50 47 46 45



Table II
(continued)

1995 Data 1997 Data
Vaiiable Antwerp Decatur Antwerp Decatur

Triglycerides 139 157 167 149

Hematocrit 45 47 46 46

Hemoglobin 15.0 15.5 15.3 15.4

RBC 4.9 5.0 5.0* 5.1

MCH 30.8 31.2 30.8* 30.2

MCHC 33.2 33.1 33.6 33.6

mvc 93 94 92** 90

WBC 6.6 7.0 6.5 6.4

Platelets 226 227 228 224

p <.05; p <.Ol; ***p<.ooi



Table 12

Mean ValuesofPFOS, Demographic,Serum Chemistryand HematologicParameters
forAntwerp andDecatur,1995 Examinations

forEmployees Who Participatedand Did notParticipateinBoth 1995 and 1997

AntweER Decatur
Both Years Pnly 1995 Both Years Only 1995

Variable N = 27) (N = 61) (N = 34) (N = 56)
PFOS(ppm) 2.30 1.76 2.48 2.42

Age 34 37 42* 46

BNH 24.0 23.9 29.6 29.0

Cigarettes 5.4 4.3 5.4 9.4

Alcohol 1.7* 1.0 0.1 0.2

Alk Phosphatase 75 75 96 98

GGT 46 39 43 50

AST 28 25 30 29

ALT 43 45 48 47

Totalbilirubin 0.91 0.84 0.54 0.59

Directbilirubin 0.23 0.22 0.19 0.21

BLTN 17.7 16.7 15.0 15.0

Creatinine 0.9 0.9 1.1 1.1

Glucose 78* 83 92 92

Cholesterol 209 216 232** 209

LDL 133 140 150** 128

HDL 56 53 46 42



Table 12
(continued)

1995 Data 1997 Data
Variable Antwert) Decatur Antwerp Decatur

Triglycerides 100 122 170 197

Hematocrit 46 47 44** 46

Hemoglobin 15.3 15.5 14.8** 15.4

RBC 4.9 4.9 4.9* 5.0

MCH 31.2 31.5 30.5 30.8

MCHC 33.0 32.8 33.4 33.4

mvc 95 96 91' 92

WBC 6.4 6.3 6.8* 7.8

Platelets 222 225 23.0 228

p <.05; p <.Ol; ***p <.001



Table 13

Mean Values ofPFOS, Demographic, Serum Chemistryand HematologicParameters
forAntwerp and Decatur,1997 Examinations

forEmployees Who Participatedand Did notParticipateinBoth Years

Antweri) Decatur
Both Years Only 1997 Both Years Only 1997

Variable (N = 27) (N = 38) (N = 34) (N = 50)
PFOS(ppm) 2.33*** 0.88 2.35 1.69

Age 37*** 30 45 44

BNU 24.4* 22.8 29.5 29.9

Cigarettes 5.9 5.2 4.7 7.9

Alcohol 1.0 0.7 0.1 0.2

Alk Phosphatase 72 69 85 88

GGT 33* 21 41 32

AST 27 26 26 26

ALT 32 30 34 34

Totalbilirubin 0.77 0.81 0.56 0.59

Directbilirubin 0.14 0.16 0.12 0.11

BUN 15.2 14.6 14.1 14.0

Creatinine 0.9 0.9 1.0 1.0

Glucose 80 81 103 95

Cholesterol 224*** 192 226* 208

IDL 148 123 143 132

HDL 51 49 43 42



Table 13
(continued)

1995 Data 1997 Data
Variable AntwerR Decatur AntweIR Decatur

Tiiglycerides .125 101 201 185

Hematocrit 46 46 45 46

Hemoglobin 15.5 15.4 15.2 15.4

RBC 5.0 5.1 4.9** 5.1

MCH 30.8 30.4 30.9 30.0

MCHC 33.4 33.3 33.7 33.8

mvc 92 91 91* 89

WBC 6.8 6.3 6.4 6.5

Platelets 241 234 218 217

*p<.05; **p<.Ol; ***p<.001



Table 14

MultivariableRegressionofSerum Chemistriesand HematologicalParameters-Examinationofthe
EffectofPFOS AdjustingforAge, Alcohol,BNH and Cigarettes,

Antwerp andDecaturEmployees (N = 61)Who ParticipatedinBoth the
1995 and 1997 Examinations

AlkalinePhosl2atase
1995 Data 1997 Data

Parameter SE R value Parameter SE 12value
Intercept .55.23 22.22 .02 45.74 22.07 .04
PFOS -1.71 1.77 .34 0.46 1.71 .79
Age 0.42 0.43 .33 0.33 0.37 .37
Alcohol -5.34 2.47 .04 -2.93 2.36 .22
Bl@U 0.70 0.67 .30 0.62 0.61 .31
Cigarettes 0.82 0.34 .02 0.76 0.32 .02

R 2 = .24 Adj R 2 = .17 R 2 =.15 Adj R 2 = .07

InGGT
1995 Data 1997 Data

Parameter SE p value Parameter SE R value
Intercept 2.5359 0.5561 .0001 2.5660 0.5965 .0001
PFOS -0.0028 0.0443 .95 -0.0357 0.0461 .44
Age -0.0078 0.0107 .47 -0.0095 0.0010 .35
Alcohol 0.0795 0.0619 .20 0.0673 0.0638 .30
BNE 0.0469 0.0167 .007 0.0463 0.0165 .007
Cigarettes 0.0023 0.0084 .79 -0.0025 0.0087 .77

R 2 .14 Adj R 2 = .06 R 2 = .14 Adj R 2 = .07

SGOT
1995 Data 1997 Data

Parameter SE p value Parameter SE R value
Intercept 15.27 11.19 .18 21.68 6.80 .002
PFOS 0.40 0.89 .65 -0.22 0.53 .67
Age 0.17 0.22 .42 0.001 0.11 .99
Alcohol 1.01 1.25 .42 0.47 .73 52
BNU 0.24 0.34 .47 0.17 0.19 .38
Cigarettes -0.26 0.17 .13 0.07 0.10 .49

R 2 = .08 Adj R 2 R 2 = .03 Adj R 2



Table 14
(continued)

SGPT
1995 Data 1997 Data

Parameter SE p value Parameter SE R value
Intercept 26.32 17.83 115 15.34 13.86 .27
PFOS -0.03 1.42 .98 0.27 1.07 .80
Age -0.20 0.34 .57 -0.34 0.23 .14
Alcohol 0.13 1.98 .95 0.22 1.48 .88
BNU 1.05 0.54 .06 1.15 0.38 .004
Cigarettes -0.25 0.27 .35 -0.04 0.20 .83

R 2 = .10 Adj R 2 = .02 R 2 = .18 Adj R 2= .11

InTotalBilirubin
1995 Data 1997 Data

Parameter SE R value Parameter SE R value
Intercept 0.7086 0.3971 .08 -0.3739 0.3996 .35
PFOS -0.0874 0.0806 .28 0.0202 0.0308 .51
pFOS2 0.0081 0.0068 .24 -0.0014 0.0026 .58
Age -0.0030 0.0073 .69 0.0072 0.0068 .29
Alcohol 0.0344 0.0436 .43 0.1045 0.0426 .02
BNU -0.0319 0.0115 .01 - -0.0182 0.0112 .11
Ci.garettes -0.0130 0.0060 .03 -0.0105 0.0058 .08

R 2 = .23 Adj R 2 = .14 R 2 =.Ig Adj R 2
=.10

DirectBilirubin
1995 Data 1997 Data

Parameter SE R value Parameter SE 12value
Intercept 0.2579 0.0469 .0001 0.1711 0.0462 .0005
PFOS -0.0027 0.0037 .47 -0.0026 0.0036 .47
Age -0.0019 0.0009 .04 0.0004 0.0008 .60
Alcohol 0.0049 0.0052 .35 0.0089 0.0049 .08
BNU 0.0010 0.0014 .49 -0.0021 0.0013 .10
Cigarettes -0.0005 0.0007 .50 -0.0008 0.0007 .22

R 2 = .13 Adj R 2 .05 R 2 =.14 Adj R 2 =.07



Table 14
(continued)

BUN
1995 Data 1997 Data

Parameter SE p value Parameter SE 12value
Intercept 18.33 3.62 .0001 14.06 3.09 .0001
PFOS -0.09 0.29 .75 0.29 0.24 .22
Age -0.01 0.07 .87 0.07 0.05 .16
Alcohol 0.59 0.40 .15 0.18 0.33 .59
BNE -0.04 0.11 .71 -0.12 0.09 .18
Cijzarettes -0.15 0.05 .007 -0.03 0.04 .55

R 2 = .16 Adj R 2 =.Og R 2 = .08 Adj R 2 =.00

Creatinine
1995 Data 1997 Data

Parameter SE 12value Parameter SE R value
Intercept 0.5185 0.1308 .0002 0.8785 0.1333 .0001
PFOS -0.0515 0.0264 .06 0.0168 0.0103 .11
pFOS2 0.0068 0.0022 .004 -0.0005 0.0009 .57
Age 0.0073 0.0024 .004 0.0036 0.0023 .12
Alcohol -0.0100 0.0143 .49 -0.0266 0.0142 .07
BNU 0.0099 0.0038 .01 -0.0030 0.0037 .43
Ci-garettes -0.0003 0.0019 .89 -0.0028 0.0020 .15

R 2 = .49 Adj R 2 = .43 R 2 = .18 Adj R 2 .09

InGlucose
1995 Data 1997 Data

Parameter SE R value Parameter SE p value
Intercept 3.7479 0.1311 .0001 3.4111 0.2013 .0001
PFOS -0.0017 0.0103 .87 0.0036 0.0156 .82
Age 0.0008 0.0025 .74 0.0063 0.0034 .07
Alcohol -0.0050 0.0145 .73 0.0005 0.0215 .98
BNE 0.0236 0.0039 .0001 0.0306 0.0056 .0001
Cigarettes 0.0023 0.0020 .26 -0.0051 0.0029 .09

R 2 = .46 Adj R 2 .41 R 2 .48 Adj R 2 .43



Table 14
(continued)

Cholesterol
1995 Data 1997 Data

Parameter SE p value Parameter SE p value
Intercept 184.37 34.59 .0001 179.50 38.87 .0001
PFOS -1.15 2.76 p8 3.75 3.01 .22
Age 1.37 0.67 .04 0.73 0.65 .27

Alcohol -2.72 3.85 .48 6.57 4.16 .12
BNE -0.24 1.04 .81 0.09 1.07 .94
Cigarettes -0.82 0.52 .12 -0.07 0.57 .90

R 2 2 2 =.09=.13 AdjR .05 R AdjR'=.Ol

LDL
1995 Data 1997 Data

Parameter SE p value Parameter SE p value
Intercept 115.89 30.35 .0004 150.88 34.90 .0001
PFOS 0.36 2.38 .88 2.68 2.70 .33
Age 1.26 0.58 .88 0.44 0.58 .45
Alcohol -3.74 3.35 .27 3.81 3.73 .31
BNE -0.61 0.91 .51 -1.20 0.96 .22
Cigarettes -0.72 0.45 .12 -0.10 0.51 .85

R 2 = .15 AdjR 2 .07 R 2 = .07 Adj R 2
= .00

HDL
1995 Data 1997 Data

Parameter SE p value Parameter SE p value
Intercept 75.25 11.01 .0001 68.22 8.91 .0001
PFOS -0.68 0.86 .44 -0.33 0.69 .63
Age -0.0005 0.21 .99 0.11 0.15 .47
Alcohol 2.31 1.21 .06 2.10 0.95 .03
BNU -0.86 0.33 .01 -0.97 0.25 .0002

Cigarettes -0.30 0.17 .08 -0.12 0.13 .37
R 2 = .25 Adj R 2 = .18 R 2 = .34 Adj R 2 = .28



Table 14
(continued)

Triglycerides
1995 Data 1997 Data

Parameter SE p value Parameter SE ]2value
Intercept -89.52 66.79 .19 -198.05 82.02 .02
PFOS -3.78 5.32 .48 7.03 6.35 .27
Age 0.72 1.29 .58 0.87 1.37 .53
Alcohol -1.93 7.43 .80 3.28 8.77 .71
BMI 7.50 2.00 .0004 11.26 2.26 .0001
Cigarettes 1.40 1.01 .17 0.73 1.19 .54

R 2 = .26 Adj R 2= .19 R' =.38 Adj R 2 = .32

Hematocrit
1995 Data 1997 Data

Parameter -SE - i)value Parameter SE p value
Intercept 50.87 2.15 .0001 46.61 2.56 .0001
PFOS -0.03 0.17 .87 -0.20 0.20 .33
Age -0.05 0.04 .19 -0.04 0.04 .38
Alcohol 0.09 0.24 .70 0.31 0.27- .26
Bi@u -0.13 0.06 .04 0.02 0.07 .77
Cigarettes 0.05 0.04 .21 0.06 0.04 .14

R 2 = .20 Adj R 2 = .13 R'=.10 Adj R 2 = .02

Hemoglobin
1995 Data 1997 Data

Parameter SE R value Parameter SE R value
Intercept 17.09 ...... 0.72 .0001 15.55 0.88 .0001
PFOS -0.02 0.06 .70 -0.07 0.07 .33
Age -0.01 0.01 .36 -0.01 0.01 .44
Alcohol -0.002 0.08 .98 0.05 '0.09 .61
BNU -0.06 0.02 .01 0.01 0.02 .70
Cigarettes 0.003 0.01 .79 0.02 0.01 .12

R 2 = .18 Adj R 2= .10 R 2 .07 Adj R 2
.00



Table 14
(continued)

RBC
1995 Data 1997 Data

Parameter SE 12value Parameter SE R value
Intercept 5.21 0.22 .0001 5.02 0.30 .0001
PFOS 0.002 0.018 89 -0.003 0.024 .88
Age -0.003 0.004 .55 -0.003 0.005 .53
Alcohol -0.006 0.025 .81 0.025 0.033 .44
BNH -0.007 0.007 .28 0.004 0.008 .64
Cigarettes -0.005 0.004 .18 -0.005 0.004 .28

R 2 = .06 Adj R 2 = .03 R 2 = .04 Adj R 2 =.04

MCH
1995 Data 1997 Data

Parameter SE 12value Parameter SE 12value
Intercept 32.97 1.25 .0001 31.13 1.43 .0001
PFOS -0.05 0.10 .60 -0.11 0.11 .31
Age -0.01 0.02 .67 -0.004 0.024 .85
Alcohol 0.04 0.14 .79 -0.06 0.15 .71
BMI -0.07 0.04 .07 -0.007 0.039 .86
Cigarettes 0.04 0.02 .06 0.07 0.02 .001

R 2 = .18 Adj R 2 = .10 R 2 = .19 Adj R 2 =.12

MCHC
1995 Data 1997 Data

Parameter SE 12value Parameter SE R value
Intercept 33.55 0.53 .0001 33.40 0.50 .0001
PFOS -0.03 0.04 .55 -0.005 0.039 .89
Age 0.01 0.01 .20 0.005 0.008 .55
Alcohol -0.08 0.06 .18 -0.10 0.05 .07
BNE -0.02 0.02 .17 0.001 0.014 .92
Cigarettes -0.02 0.01 .01 0.003 0.007 .69

R 2 = .18 Adj R 2 = .10 R 2=.09 Adj R 2
= .01



Table 14
(continued)

mcv
1995 Data 1997 Data

Parameter SE p value Parameter SE p value
Intercept 98.33 3.59 .0001 92.85 3.82 .0001
PFOS -0.09 0.29 76 -0.28 0.30 .34
Age -0.07 0.07 .34 -0.02 0.06 .76
Alcohol 0.30 0.40 .45 0.19 0.41 .65
BMI -0.15 0.11 .18 -0.03 0.11 .78
Cigarettes 0.19 0.06 .003 0.20 0.06 .0008

R' = .27 Adj R' = .20 R 2 =.22 Adj R 2 =.15

Platelets
1995 Data 1997 Data

Parameter SE R value Parameter SE i)value
Intercept 295.55 37.09 .0001 392.12 48.22 .0001
PFOS -3.96 2.96 .19 -3.84 3.73 .31
Age -0.84 0.71 .24 -2.31 0.81 .006
Alcohol -10.54 4.13 .01 -6.59 5.16 .21
BNU -0.54 1.12 .63 -1.85 1.33 .17
Cigarettes -0.78 0.63 .22 -0.82 0.70 .25

R 2= .19 Adj R 2 = .11 R 2 = .21 Adj R 2 = .14

WBC
1995 Data 1997 Data

Parameter SE R value Parameter SE R value
Intercept 3.10 1.19 .01 4.46 1.36 .002
PFOS 0.03 0.09 .77 -0.04 0.11 .70
Age 0.002 0.023 .93 -0.007 0.02 .75
Alcohol 0.07 0.13 .62 0.21 0.15 .15
BNE 0.10 0.04 .007 0.06 0.04 .09
Cigarettes 0.12 0.02 .()()Ol 0.11 0.02 woi

R 2 = .43 Adj R 2 .38 R 2 = .40 Adj R 2 .34



Table 15

Employee DistributionastoPlantLocationand Whether Hormones Were Measured,1995

Both Locations By Location
Antwerp Decatur

PFOS Hormones Measured Hormones Measured Hormones Me
(R]2m) Total Yes No Yes No Yes
0 -< 1 45 10(22%) j5(78%) 9(27%) 25(73%) 1(9%)
I -< 3 91 46(51%) 45(49%) 21(66%) 11(34%) 25(43%)
3-<6 35 27(77%) 8(23%) -18(95%) 1(5%) 9(56%)
>= 6 7 5(71%) 2(29%) 2(670/o) 1(33%) 3(75%)

178 88 90 50 38 38



Table 16

Mean ValuesforPFOS, Demographic,Serum Chemistriesand Hematology,
by PlantLocationand Whether Hormones Were Measured, 1995

Both Locations Antwerp Decatur
Hormones Measured Hormones Measured Hormones Measured
Yes No Yes No Yes No

Variable N = 88 N = 90 N=50 N=38 N=38 N=52

PFOS 2.87 1.52 2.69*** 0.92 3.10** 1.96

Age 38.4 42.7 35.0* 38.4 42.9 45.9

Alcohol 1.0
**

0.4 1.6** 0.8 0.2 0.2

BMI 26.5 26.7 23.6 24.4 30.3 28.5

Cigarettes 8.3* 4.3 6.7
**

1.9 10.3 6.o

BUN 16.3 15.5 17.1 16.8 15.1 14.5

Creatinine 0.97* 1.02 0.87 0.94 1.10 1.08

Glucose 86 88 80 84 94 90

AlkalinePhosphatase86 86 77 73 99 96



Table 16
(continued)

Both Locations Antwelp Decatur
Hormones Measured Hormones Measured Hormones Measured
Yes No Yes No Yes No

Variable N=88 N=90 N=50 N=38 N=38 N=52

GGT 47 42 45 37 50 46

AST 29 27 27 24 31 29

ALT 47 45 44 45 51 45

TotalBilirubin 0.7 0.8 0.8 0.9 0.5 0.6

DirectBilirubin 0.2 0.2 0.2 0.2 0.2 0.2

Cholesterol 217 215 210 220 227 211

LDL 136 137 133 144 141 132

HDL 49 48 52 55 43 43

Triglycerides 158 144 124 104 205 174

Hematocfit 47 46 47 47 46 45

Hemoglobin 15.4 15.3 15.4 15.4 15.3 15.1



Table 16
(continued)

Both Locations AntweM Decatur
Hormones Measured Hormones Measured Hon-nonesMeasured
Yes No Yes No Yes No

Vaiiable N=88 N = 90 N=50 N=38 N=38 N=52

RBC 5.0 4.9 4.9 4.9 5.0 4.9

MCH 31.1 31.0 31.5 31.3 30.5 30.8

MCHC 33.0* 33.3 32.9 32.8 33.2* 33.5

mcv 94 93 96 95 92 92

WBC 7.3 6.5 6.8 5.7 8.0* 7.0

Platelets 230 223 233** 212 226 231
p <.05; p <.01;***p <.Ool



Table 17

Mean, Median (N4ed),StandardDeviation(SD) ofMean and Range ofPFOS,
Demographic, Serum Chemistriesand HematologicalValues

forN = 88 Employees,Antwerp andDecaturCombined,
who Had Hormone Measurements, 1995

PFOS
(P-PM) Mean Med SD Range

PFOS
0 -< 1 0.68' 0.75 0.21 0.37-0.90
1 -< 3 1.96' 1.96 0.62 1.00-2.90
3-<6 4.15' 3.97 0.85 3.00-5.80
> 6 8.67' 8.50 2.85 6.06-12.83

F value= 121.3,p =.0001

- Age
0 -< 1 32.7 32.5 6.3 21.0-43.0
1 -< 3 38.7 39.0 8.4 25.0-58.0
3 -< 6 39.0 39.0 7.6 26.0-54.0
>6 43.0 42.0 7.8 37.0-56.0

F value= 2.4,p =.08

Alcohol
0 -< 1 1.4 1.1 1.2 0.0-3.6
1 -< 3 0.6 0.2 0.8 0.0-3.6
3 -< 6 1.4 0.5 2.0 Olp-6.0
>6 0.9 0.0 1.3 0.0-2.9

F value= 2.1, p=.Il

BNH
0 -< 1 24.5 24.5 2.4 20.4-28.0
1 -< 3 27.9 26.2 7.2 19.6-60.7
3-<6 24.7 24.2 4.2 17.9-32.5
>6 27.5 29.4 4.9 20.6-33.0

F value= 2.1,p =.10



Table 17
(continued)

PFOS

(RRM) Mean Med SD Range

Cigarettes
0 -< 1 6.0 9.0 10.5 0.0-25.0
1 -< 3 7.7 0.0 11.2 0.0-35.0
3 -< 6 11.6 12.0 11.8 0.0-40.0
>6 0.6 0.0 1.3 0.0-3.0

F=-1.8,P=.16

BLTN
0 -< 1 17.0 16.0 3.1 14.0-22.0
1 -< 3 15.8 15.0 3.8 8.0-26.0
3 -< 6 17.0 17.0 3.8 10.0-23.0
>6 14.4 14.0 4.0 10.0-21.0

F value= 1.1,p = .35

Creatinine
0 -< 1 1.0 1.0 0.1 0.8-1.1
I -< 3 1.0 0.9 0.2 0.7-1.6
3 -< 6 0.9 0.9 0.1 0.7-1.2
>6 1.1 1.2 0.4 0.6-1.6

F value= 2.7,p =.05

Glucose
0 -< 1 82 82 7 70-93
1 -< 3 89 84 29 62-260
3 -< 6 81 82 12 66-112
> 6 87 83 16 71-105

F value= 0.8,p =.52

AlkalinePhosRhatase
0 -< 1 82 82 14 66-103
1 -< 3 88 89 25 49-146
3 -< 6 85 82 21 32-124
> 6 88 74 29 63-136

F value= 0.3,p =.84



Table 17
(continued)

PFOS
(ppm) Mean Med SD Range

GGT
0 -< 1 38 28 27 23-111
1 -< 3 53 41 49 2-293
3 -< 6 39 39 15 21-80
>6 48 49 19 32-79

F value= 0.9,p =.44

AST
0 -< 1 31 25 23 17-96
1 -< 3 30 27 14 14-90
3 -< 6 25 24 6 13-37
> 6 31 30 4 26-37

F value= 1.2,p =.31

ALT
0 -< 1 52 48 21 36-108
1 -< 3 48 43 24 25-183
3 -< 6 42 41 7 30-59
> 6 54 57 20 29-82

F value=1.1,p =.36

TotalBilirubin
0 -< 1 0.86 0.70 0.45 0.40-2.00
1 -< 3 0.67 0.65 0.28 0.20-1.30
3 -< 6 0.65 0.60 0.31 6.20-1.40
> 6 0.68 0.70 0.15 0.50-0.90

F value= 1.2,p =.30

DirectBilirubin
0 -< 1 0.22 0.20 0.04 0.20-0.30
1 -< 3 0.20 0.20 0.05 0.10-0.30
3 -< 6 0.22 0.20 0.04 0.20-0.30
> 6 0.22 0.20 0.04 0.20-0.30

F value= 0.6,p =.63



Table 17
(continued)

PFOS

(pi2m) Mean Med SD Range

Cholesterol
0 -< 1 213 207 33 180-290
1 -< 3 220 227 42 144-315
3 -< 6 217 214 29 171-270
>6 200- 208 34 160-240

F value= 0.5,p =.69

LDL
0 -< 1 129 128 22 106-177
1 -< 3 136 146 39 65-228
3 -< 6 139 135 29 84-190
>6 129 130 29 95-172

F value= 0.3,p =.85

HDL
0 -< 1 52 57 12 31-63
1 -< 3 50 46 15 28-94
3 -< 6 46 48 12 23-74
>6 45 46 10 34-61

F value= 0.6,p =.64

Triglycerides
0 -< 1 157 121 167 41-622
1 -< 3 163 129 118 41-651
3 -< 6 156 138 97 34-413
> 6 128 151 52 64-187

F value= 0.1,p = .94

Hematocrit
0 -< 1 47 48 2 44-49
1 -< 3 46 46 3 39-52
3-<6 47 47 2 43-52
> 6 47 48 1 45-49

F value= 2.3,p =.08



Table 17
(continued)

PFOS
(Rpm) Mean Med SD Ranize

Hemoglobin
0 -< 1 15.6 15.8 0.5 14.6-16.1
1 -< 3 15.2 15.3 0.9 13.0-17.1
3 -< 6 15.6 15.6 0.7 13.8-17.4
>6 15.5 15.4 0.7 14.8-16.2

F value= 1.8,p =.16

RBC
0 -< 1 4.9 5.0 0.3 4.3-5.2
1 -< 3 4.9 4.9 0.3 4.3-5.7
3 -< 6 5.0 5.0 0.2 4.6-5.4
> 6 5.0 5.2 0.7 4.0-5.7

F value= 0.4, p = .74

MCH
0 -< 1 32.0 31.7 1.1 30.8-33.9
1 -< 3 30.8 30.8 1.4 27.3-33.2
3 -< 6 31.2 31.8 1.5 26.0-33.3
> 6 31.1 30.2 3.4 28.2-36.9

F value= 1.9, p =.14

MCHC
0- < 1 32.9 33.1 0.8 31.9-34.5
1 -< 3 33.0 33.1 0.7 31.7-34.5
3 -< 6 32.9 32.8 0.7 31.3-34.2
> 6 33.1 33.3 0.8 32.2-34.0

Fvalue=0.2, p=.93

mcv
0 -< 1 97 95 5 92-106
1 -< 3 93 93 4 83-101
3-<6 95 95 5 81-104
>6 94 91 12 85-115

F value= 1.9, p =.13



Table 17
(continued)

PFOS
(ppm) Mean Med SD Range

WBC
0 -< 1 6.7 6.5 1.8 4.4-9.4
1 -< 3 7.3 0.9 2.2 3.6-15.5
3 -< 6 7.7 7.5 2.3 4.1-13.3
> 6 7.1 6.9 0.6 6.4-7.8

F value= 0.7, p =.59

Platelets
0 -< 1 243 230 43 189-309
1 -< 3 234 227 44 153-365
3 -< 6 229 230 50 132-344
> 6 177 182 29 143-205-

F value= 2.7,p =.05

1. Significantlydifferent(p< .05)thantheremainingthreePFOS exposurecategories.
2. Significantlydifferent(p<.05) thanthe0 -< Ippm PFOS category.
3. Significantlydifferent(p< .05)thantheI -< 3 ppm PFOS category.
4. Significantlydifferent(p<.05) thanthe3 -< 6 ppm PFOS category.
5. Significantlydifferent(p< .05)thanthe> 6ppm PFOS category.

Sample sizes:
PFOS Level Both Locations AntweLp Decatur
0 -< I ppm 10 9 1
1 -< 3 ppm 46 21 25
3 -< 6 ppm 27 18 9
> 6 ppm 5 2 3

88 50 38



Table 18

MultivariableRegressionofSerum ChemistriesandHematologicalParameters
inRelationtoPFOS AdjustingforAge, Alcohol,BNE and Cigarettes,

Antwerp and DecaturData Combined, ForThose Employees
Who Had Hormone Measurements in1995

AlkalinePhosRhatase

Variable Parameter SE R value
Intercept 64.57 15.23 .001
PFOS 0.002 .1.11 .99
Age 0.13 0.30 .66
Alcohol -4.17 1.75 .02
BNE 0.60 0.39 .13
Cigarettes 0.60 0.20 .004

R 2 = .22 Adj R 2 .17

InGGT

Vaziable Parameter SE R valu
Intercept 1.9570 0.4203 .0001
PFOS 0.0077 0.0301 .80
Age 0.0157 0.0084 .07
Alcohol 0.1043 0.0484 .03
BNU 0.0341 0.0107 .002
Cigarettes 0.0096 0.0056 .09

R 2 = .20 Adj R 2 .15

AST

Variable Parameter SE R value
Intercept 16.13 9.90 .11
PFOS -0.13 .72 .86
Age 0.006 0.20 .98
Alcohol 1.02 1.14 .37
BNU 0.51 0.25 .04
Cigarettes -0.20 0.13 .13

R 2 = .08 Adj R 2 = .02



Table 18
(continued)

ALT

Variable Parameter SE 12value
Intercept 25.19 14.22 .08
PFOS -0.12 1.04 .90
Age -0.04 0.28 .89
Alcohol 0.20 1.64 .90
BNU 0.95 0.36 .01
Cigarettes -0.20 0.19 .29

R 2=.Io Adj R 2 =.04

InTotalBilirubin

Variable Parameter SE R value
Intercept 0.6133 0.2726 .03
PFOS -0.0885 0.0518 .09
pFOS2 0.0073 0.0048 .13
Age -0.0025 0.0054 .64
Alcohol 0.0235 0.0309 .45
BMI -0.0270 0.0068 .0002
Cigarettes -0.0162 0.0036 .0()()l

R 2 = .39 Adj R 2 .34

DirectBilirubin

Variable Parameter SE R value
Intercept 0.225 0.0335 .0001
PFOS 0.001 0.002 .64
Age 0.0007 0.0007 .31
Alcohol 0.004 0.004 .26
BNE -0.002 0.0009 0.05
Cigarettes -0.0003 0.0004 .44

R 2 =.Og Adj R 2 .03



Table 18
(continued)

BLTN

Variable Parameter SE R value
Intercept 18.73 2.72 .0001
PFOS -0.10 0.20 .60
Age -0.05 0.05 .35
Alcohol 0.37 0.31 .24
BNU -0.003 0.07 .97
Cigarettes -0.05 0.04 .14

R 2 =.08 AdjR2 =.02

Creatinine

Variable Parameter SE R value
Intercept 0.5031 0.1178 .0001
PFOS -0.0488 0.0223 .03
pFOS2 0.0051 0.0020 .01
Age 0.0086 0.0023 .0004
Alcohol -0.0119 0.0133 .38
BNH 0.0090 0.0029 .003
Cigarettes -0.0017 0.0016 .28

R 2 = .37 Adj R 2 .32

InGlucose

Variable Parameter SE R value
Intercept 3.8241 0.1090 .0001
PFOS -0.0029 0.0079 .71
Age 0.0051 0.0022 .02
Alcohol -0.0052 0.0125 .68
BMI 0.0166 0.0028 .0001
Cijzarettes -0.0018 0.0014 .22

2R' = .42 Adj R =.38



Table 18
(continued)

Cholesterol

Variable Parameter SE R value
Intercept 198.04. 26.88 .0001
PFOS -2.83 1.97 .15
Age 1.26 0.54 .02
Alcohol -1.32 3.09 .67
Bl@U -0.73 0.68 .29
Cigarettes -0.07 0.35 .85

R 2 =.09 Adj R 2 .03

LDL

Variable Parameter SE 12value
Intercept 152.37 23.90 .0001
PFOS -0.45 1.74 .80
Age 0.70 0.48 .14
Alcohol -5.58 2.75 .05
BNH -1.19 0.61 .05
Cigarettes -0.59 0.32 .07

R 2 = .14 Adj R 2 .08

HDL

Variable Parameter SE R value
Intercept 77.68 8.51 .0001
PFOS -0.66 0.62 .29
Age -0.31 0.17 .07
Alcohol 2.68 0.98 .008
BNU -0.66 0.22 .003
Cigarettes -0.07 0.11 .56

2R'=.32 AdjR =.28



Table 18
(continued)

Triglycerides

Variable Parameter SE p value
Intercept -178.52 71.97 .02
PFOS -7.89 5.26 .14
Age 4.22 1.44 .005
Alcohol 9.90 8.28 .24
BNE 6.07 1.83 .001
Cigarettes 3.17 0.95 .001

2R' = .32 Adj R =.28

Hematocrit

Variable Parameter SE R value
Intercept 48-03 1.66 .0001
PFOS -0.05 0.12 .70
Age 0.02 0.03 .48
Alcohol -0.003 0.19 .99
BNfl -0.10 0.04 .02
Cigarettes 0.04 0.02 .05

2R' = .12 Adj R .06

Hemoglobin

Variable Parameter SE R value
Intercept 15.76 0.58 .0001
PFOS -0.02 0.04 .67
Age -0.04 0.07 .28
Alcohol 0.01 0.01 .58
BNU -0.03 0.01 .03
Cigarettes 0.009 0.008 .25

2R' = .09 Adj R =.03



Table 18
(continued)

MCH

Variable Parameter SE p value
Intercept 33.52 1.05 .0001
PFOS 0.04 0.08 .59
Age -0.006 0.02 .79
Alcohol 0.11 0.12 .35
BNU -0.10 0.03 .0003
Cigarettes 0.03 0.01 ..03

R 2=.24 AdjR2 = .20

MCHC

Variable Parameter SE p value
Intercept 32.87 0.50 .0001
PFOS -0.001 .037 .98
Age 0.008 0.01 .42
Alcohol -0.08 0.06 .19
BNII -0.0006 0.01 .96
Cigarettes -0.01 0.007 0.08

R 2 = .07 Adj R 2 .02

mcv

Variable Parameter SE p value
Intercept 101.97 3.36 .0001
PFOS 0.14 0.25 .56
Age -0.04 0.07 .53
Alcohol 0.56 0.39 .15
BNH -0.31 0.09 .0005
Cigarettes 0.12 0.04 0.007

R 2 = .28 Adj R 2 .23



Table 18
(continued)

RBC

Variable Parameter SE R value
Intercept 4.673 0.214 .0001
PFOS -0.009 0.016 .58
Age 0.005 0.004 .28
Alcohol -0.026 0.025 .29
BNU 0.006 0.005 .24
Cigarr,ttes -0.002 0.003 .48

R 2 = .08 Adj R 2 .02

Platelets

Variable Parameter SE R value
Intercept 320.83 32.21 .0001
PFOS -6.73 2.36 .006
Age -0.94 0.64 .15
Alcohol -6.95 3.70 .06
BNU -1.26 0.82 .13
Cigarettes 0.43 0.43 .32

R 2 =.18 Adj R 2 .13

WBC

Variable Parameter SE R value
Intercept 3.24 1.32 .02
PFOS -0.03 0.10 .74
Age 0.07 0.03 .01
Alcohol 0.03 0.15 .82
BNH 0.03 0.03 .42
Cigarettes 0.09 0.02 .0001

R 2 = .35 Adj R 2 =.31



Table 19

Mean, Median (Med),StandardDeviation(SD) ofMean and Range ofPFOS,
Hormonal Measurements forN 88 Employees,Antwerp andDecaturCombined, 1995

PFOS
(RRM) Mean Med SD Range

Cortisol
0 -< 1 19.3 17.5 7.0-29.0
1 -< 3 17.7 18.0 7.2 1.0-42.0
3 -< 6 21.4 23.0 7.2 7.0-31.0
> 6 17.0 19.0 6.2 9.0-23.0

F = 1.7,p =.18

DHEA-S
0 -< 1 3883" 358 168 88-605
1 -< 3 234"4 210 95 69-460
3 -< 6 316' 318 106 90-530
>6 1942 190 19 176-215

F = 8.3,p =.0001

Estradiol
0 -< 1 67.1 67.0 12.8 50.0-87.0
1 -< 3 60.3 59.0 15.2 35.0-101.0
3 -< 6 60.5 61.0 10.1 42.0-81.0
> 6 64.8 65.0 18.7 47.0-92.0

F = 0.8,p =.49

FSH
0 -< 1 3.8 3.5 1.5 2.0-6.0
1 -< 3 5.6 4.0 4.2 1.0-26.0
3 -< 6 5.6 4.0 3.9 2.0-18.0
> 6 6.6 6.0 3.4 3.0-12.0

F value= 0.8,p = 0.48

17-Hydroxyprogesterone
0 -< 1 170 164 41 121-245
1 -< 3 131 123 52 53-294
3 -< 6 150 153 52 65-245
> 6 119 98 4590-197

F value= 2.4,p = .08



Table 19
(continued)

PFOS
(12RM) Mean Med SD Range

LH
0 -< 1 3.8 4.0 0.9 2.0-5.0
1 -< 3 4.6 4.0 3.0 1.0-21.0
3 -< 6 4.6 5.0 1.9 2.0-9.0
>6 4.8 5.0 1.3 3.0-6.0

F value= 0.3,p =.81

Prolactin
0 -< 1 13.5 13.0 7.0 6.0-29.0
1-< 3 11.8 11.0 5.0 3.0-30.0
3 -< 6 13.4 10.0 7.9 5.0-39.0
>6 13.6 10.0 6.3 9.0-24.0

F value= 0.5,p =.67

SHBG
0 -< 1 0.9 0.9 0.3 - 0.5-1.3
1 -< 3 1.0 0.9 0.4 0.4-1.9
3 -< 6 1.0 0.9 0.3 0.4-1.7
> 6 1.2 1.3 0.6 0.6-2.1

F = 1.1,p =.35

Freetestosterone
0 -< 1 20.5' 20.2 5.2 10.2-28.2
1 -< 3 16.22 16.1 3.3 8.9-27.1
3 -< 6 17.7 18.2 3.2 12.2-25.2
> 6 17.5 17.7 2.0 15.3-20.5

F value= 4.5,p =.006

Bound testosterone
0- <1 7393 757 175 5281094
1 -< 3 5802,4 589 110 278-762
3 -< 6 676 3 659 171 410-1039
> 6 711 752 160 462-883

F value= 5.2,p = .003



Table 19
(continued)

PFOS

(P-Rm) Mean Med SD Ranize

TSH
0 -< 1 1.9 1.4 1.3 0.6-4.5
1 -< 3 1.0 1.5 1.4 0.5-8.1
3 -< 6 1.5 1.4 0.8 0.5-3.4
>6 2.0 1.6 1.2 0.7-3.8

F value= 0.6,p =.62

Sample sizes:
PFOS Level Both Locations Antwelp Decatur
0 -< I ppm 10 9 1
1 -< 3 ppm 46 21 25
3 -< 6 ppm 27 18 9
2:6ppm 5 2 3

88 50 38



Table20

MultivariableRegressionAnalysisof Hormones inRelationtoPFOS
AdjustingforAge,Alcohol,B@E and Cigarettes,
Antwerp and DecaturData Combined, 1995

Cortisol

Variable Parameter SE p value
Intercept 27.13 4.84 .0001
PFOS 0.27 0.35 .45
Age -0.10 0.10 .31
'Alcohol 1.56 0.56 .006
BNU -0.25 0.12 .04
Cigarettes 0.01 0.06 .87

R 2 =.22 AdjR'=.17

DBEAS

Variable Parameter SE p value
Intercept 499.17 76.98 .0001
PFOS -2.95 5.63 .60
Age -5.30 1.54 .0009
Alcohol 17.88 8.84 .05
BNU -1.82 1.95 .35
Cigarettes 2.25 1.01 .03

R' = .28 Adj R' .24

Estradiol

Variable Parameter SE p value
Intercept 53.56 9.76 .0001
PFOS -3.82 1.85 .04
PFOS' 0.44 0.17 .01
Age -0.13 0.19 .51
Alcohol 2.42 1.10 .03
BMI 0.57 0.24 .02
Cigarettes 0.07 0.13 .58

R'=.18 AdjR'=.12



Table 20
(continued)

Estradiol(withoutemrloyeeC)

Variable Parameter SE p value
Intercept 53.43 9.84 .0001
PFOS -3.56 2.39 .14
pFOS2 0.40 0.28 .15
Age -0.13 0.19 .51
Alcohol 2.43 1.11 .03
BNE 0.56 0.25 .03
Cigarettes 0.69 0.13 .60

R'=.13 Adj R' .06

FSH

Variable Parameter SE R value
Intercept 3.64 2.79 .20
PFOS 0.02 0.20 .91
Age 0.14 0.06 .02
Alcohol 0.04 0.32 .89
BNH -0.13 0.07 .07
Cigarettes 0.005 0.04 .90

R 2 =.Io Adj R 2 .05

17-HydroxyRrogesterone

Variable Parameter SE R value
Intercept 306.10 32.69 .0001
PFOS -0.04 2.36 .99
Age -2.13 0.67 .002
Alcohol -0.76 3.68 .84
BNE -3.47 0.82 .0001
Cigarettes 0.79 0.42 .07

R 2 = .33 Adj R 2 = .28



Table 20
(continued)

LH

Variable Parameter SE R value
Intercept 5.65 1.86 .003
PFOS 0.05 0.13 .69
Age -0.02 0.04 .69
Alcohol -0.24 0.21 .26
BNH -0.03 0.05 .56
Cigarettes 0.03 0.02 .21

R' = .04 Adj R
2 =.02

Prolactin

Variable Parameter SE R value
Intercept 16.67 3.99 .0001
PFOS 0.34 0.29 .25
Age -0.15 0.08 .07
Alcohol 1.75 0.46 .0003
BNE 0.004 0.10 .97
Cigarettes -0.14 0.05 .01

2R' = .31 Adj R .27

SBBG

Variable Parameter SE R value
Intercept 0.03 0.24 .89
PFOS 0.005 0.02 .77
Age 0.02 0.005 .0001
Alcohol -0.005 0.03 .86
BNE 0.005 0.006 .40
Cigarettes 0.004 0.003 .19

R 2 = .28 Adj R 2 .23



Table 20
(continued)

FreeTestosterone

Variable Parameter SE p value
Intercept 27.37 2.57 .0001
PFOS 0.02 0.19 .90
Age -0.14 0.05 .01
Alcohol -0.11 0.30 .69
BNH -0.1.9 0.06 .005
Cigarettes 0.01 0.03 .68

R 2 = .19 Adj R 2 .14

Bound Testosterone

Variable Parameter SE p value
Intercept 993.88 100.93 .0001
PFOS 6.91 7.28 .35
Age -2.43 2.06 .24
Alcohol 7.41 11.37 .52
BNH -11.43 2.52 .0001
Cigarettes 1.22 1.31 .35

R 2 = .28 Adj R2 =.2j-

TSH

Variable Parameter SE p value
Intercept -0.873 0.826 .29
PFOS 0.004 0.060 .95
Age 0.003 0.016 .85
Alcohol 0.078 0.095 .41
BNH 0.096 0.021 .0001
Cigarettes -0.011 0.011 .32

R 2 = .23 Adj R 2 .18



FIGURE

Scattec Plot of Estcadiot and PE)OS, Both Locations Combined, 1995

EstradoolBy PF:OS

110001)

100000

90.000

80.000

70.000 -

roe was a

60.000 -

50.000 -
a

%
s

40.OW

30.000 1
.000 2.000 4.000 6.000 8.000 10.000 12.000 14.000

PFOS

- Po"trial Rt dogrooq

- Unear Rt

P*WMW Rt dogres-2

EstradW - 66.4703 - 3.60448 PFOS + 0.42197 PFOSA2

Summary of Rt

RSquare 0.07618
RSquare Ad) 0.06"23
Root Mean SquareErwr 13.33314
Mean d R"prse 61.30"
Ob"Maftm (O(SumVIP) as

Ana"s ofVaftve

Source DF Sum of Squares Mean Square F Rago
moclei 2 1245.701 622.850 3.5036
Error 85 15110.663 177.773 Prob>F
C Total 87 16356.364 0.0345
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Estradiol- 59.7222 + O@57198 PFOS

Summary of Fit
RSquare 0.00735
RSquare Adi -0.00419
Root Mean Square Error 13.74017
Mean ofResponse 61.36364
Observadons (orSum Wgts) 88

AnalysisOfVadance
Source OF Sum ofSquares Mean Square F RadoMod4W 1 120.226 120.226 0.6368Error 86 16236.138 188.792 Pmb:..FC Total 87 16358.364 0.4271

ParameterEsdmatn
Term Esdmate SW Error tRado Pmb>ftlIntercept 59.722236 2.525093 23.65 <.Oool
PFOS 0.5719843 0.716766 0.80 0.4271



FIGURE 2

Scatter Plot of Estcadiol and PFOS, Both Locations Cominbed, 1995
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An*Ws ofVariance
Source DF Sum ofSquares Mean Square F Ratio
Model 2 316.639 158.320 0.8813Error 84 15090.349 179.647 Prob>FC Total 86 15406.989 0.4180

ParameterEsdmatos
Term Estimate Std Error tRado Pmb>pl
Intercept 65.862871 4.074112 16.17 <.0001PFOS -3.105693 2.339491 -1.33 0.1879PFOSA2 0.3475472 0.278213 1.25 0.2151



LinearFft

Estradiol- 62.027 1 - 0 3686 1 PFOS

Summary of Fit

RSquare 0.002356
RSquare Adi -0.00938
Root Mean Square Error 13.44737
Mean of Response 61.01149
Observations (orSum Wgts) 87

AnalysisofVariance

Source DF Sum ofSquares Mean Square F Rado
Model 1 36.295 36.295 0.2007
Error as 15370.694 180.832 Prob>F
C Total as 15406.989 0.6553

Pwamew Esdmates

TWM Es*mft SW Eme tRado Pwb.-.ftl
IntereW 62-027069 2.686488 23.09 <.Oool
PFOS -0.368607 0.822768 -0.45 0.6553



APPENDIX A

TotalBilirubinand PFOS ScatterPlots

DRAFT



Scattec Plot oE TotaL Bilicubin and PFOS, Both Locations Combined, 1995
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Summary of Fit
RSquare 0.022279
RSqtjaroAdi 0.016692
Root Mean Square Error 0.363488
Mean ofResponse 0.7186"
Observations(orSum Wgts) 177

An*Ws ofVariance
Source DF Sum of Squares Mean Square F Ratio
Model 1 0.526856 0.526856 3.9876Error 175 23.121618 0.132124 Prob>F
C Total 176 23.648475 0.0474

ParameterEstimates
Term Estimate Std Error tRatio Pmb>pl
Intercept 0.7824732 0.04205 18.61 <.0001
PFOS -0.029269 0.014657 -2.00 0.0474

PolynomialFitdogree-2
alTot Bilrubin 0.86632- 0.09918PFOS + 0.00846PFOSA 2

Summary ofFit



RSquare 0.051674
RSquare Adj 0.040773
Root Mean Square Error 0.359009
Mean of Response 0.718644
Observations (orSum Wgts) 177

AnalysisofVaOance

Source DF Sum ofSquares Mean Square F Ratio
Model 2 1.222006 0.611003 4.7406
Error 174 22.426468 0.12assa Prob>F
C Total 176 23.648475 0.0099

Parameter Esdmates

Term Esdmide SW Erfor t Rado Prob>ftl
lntempt O.SOWIS 0.054748 15.81 <.0001
PFOS -0.099182 0.033404 -Z97 0.0034
PFOSA2 0.008459 0.003642 2.32 0.0214



Scattec Plot of Total Bilicubin aridPFOS, Antwecp, 1995
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Summary ofFit

RSqtjare 0.017786
RSquare Adi 0.006365
Root Me= Square Error 0.407279
Mean ofResponse 0.863636
Observadons (orSum Wgts) as

AnalysisofVariance
Source DF Sum ofSquares Mean Square F Ratio
Model 1 0.258313 0.258313 1.5573
Error 86 14.265323 0.165876 Prob>F
C Total 87 14.523636 0.2155

ParameterEstimates
Term Estimate Std Error tRato Prob>Rl
Intercept 0.9200069 0.062664 14.68 <.0001
PFOS -0.029266 0.023452 -1.25 0.2155

PolynomialFitdogree-2

TotalBigrubin- 0.96548- 0.07872PFOS + 0.00697 PFOSA 2
Summary of Fit



RSquare 0.027505
RSquare Adj 0.004623
Root Mean Square Error 0.407635
Mean ofResponse 0.863636
Observafions (orSum Wgts) 88

AnalysisofVadance

Source DF Sum of Squares Mean Square F Ratio
Model 2 0.399470 0.199735 1.2020
Error as 14.124166 0.166167 Prob>F
C Total 87 14.523636 0.3056

Parameter Estimates

Term Esdmale SW Error t Ratio Prob>ftl
lnwmopt 0.9654789 0.07979 12.10 <.0001
PFOS -0.078719 O.OSW65 -1.34 0.1825
PFOS^2 0.0060749 0.0075N 0.92 0.35M



Scattec Plot of TotaL Bilicubin and PFOS, Decatuc, 1995

TotalBilirubinBy PFOS

300

2.50

2.00

1.50
co

1.00

0.50

0.00
.00 2.00 4.00 6.00 S.@ 10-00 12.00 14.00

PFOS

- Unew Rt

- PolrmniWFitdogroo-2

Unew Rt
TotalBiliubin- 0.59712- 0.00898PFOS

Summary of Fit
RSquare 0.004472
RSquare Adj -0.00697
Root Mean Square Error 0.249626
Mom ofResponse 0.575281
Observations(orSum Wgts) 89

Ana"s ofVadance
Source DF Sum ofSquares Mom Square F Ratio
Model 1 0.0243540 0.024354 0.3908Error 87 5.4212639 0.062313 Prob>FC Total 88 5."56180 0.5335

ParameterEsdmates
Term Estimate StdEffor tRedo Pmb>ftllntemept 0.5971232 0.043827 13.62 <.0001PFOS -0.008979 0.014363 -0.63 0.5335

Po"tTgal Fitdogres-2

TotalBiffrubin- 0.66974- 0.05867PFOS + 0.00518PFOSA 2
Summary ofFit

RSquare 0.032545



RSquare Adi 0.010046
Root Mean Square Error 0.247508
Mean of Response 0.575281
Observations (orSum Wgts) 89

AnalysisofVadance

Source DF Sum ofSquares Mean Square F Ratio
Model 2 0.1772262 0.088613 1.4465
Error 86 5.2683918 0.061260 Prob>F
C Total 88 5."56180 0.2411

Parameter Esdmales

Term Esdmate Sid Enor t Rado Pmb>ftl
Intercept 0.6897418 0.063258 10.59 <.0001
PFOS -0-OSM2 0.034531 -1.70 o.om
PFOSA2 0.0051833 0.003281 1.58 0.1178



Scattec Plot oE TotaL Bilicubin and PFOS, Both LocatLons CombLned, 1997
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Summary of Fit

RSquare 0.016221
RSquare Adi 0.009483
Root Mean Square Error 0.322046
Mean of Response 0.672973
ObservwJons (orSum Wgts) 148

AnalysisofVadance

Source DF Sum ofSquares Mean Square F Ratio
Model 1 0.249674 0.249674 2.4073
Ermr 146 15.142218 0.103714 Prob>F
C Total 147 15.391892 0.1229

ParameterEstimates

Term Estimate Std Error tRado Pmb>pl
Intercept 0.7184974 0.039518 18.18 <.0001
PFOS -0.025825 0.016645 -1.55 0.1229

PolynomialFitdogree-2

TotalBifirubin0.78963- 0.10456PFOS + 0.012PFOSA 2
Summary ofFtt

RSquare 0.045789
RSquare Ad] 0.032628



Root Mean Square Error 0.318261
Mean of Response O@672973
Observafions (orSum Wgts) 148

AnalysisofVariance

Source DF Sum ofSquares Mean Square F Ratio
Model 2 0.704787 0.352393 3.4790
Error 145 14.687105 0.101290 Prob>F
C Total 147 15.391892 0.0334

Parameter Esdmates

Term Esdmate SW Error t Rado Prob>ftl
intwcmx 0.7896264 0.05149 15.34 <.0001
PF-OS -0.104564 0.040625 -2.57 0.0111
PFOSA2 0.0120049 0.005663 2.12 0.0357



ScatteC PLOT of Totdt Bilicubin and PFOS, Antwerp, 1997
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TotalBilrubin 0.8517- 0.03647 PFOS

Summary ofFit

RSqtjare 0.014291
RSquare Adi -0.00161
Root Mean Square Error 0.385334
Mean of Response 0.796875
observations(orSum Wgts) 64

Analysisd Vaftnco

Source DF Sum ofSquares Mean Square F Ratio
Model 1 0.1334670 0.133467 0.8989
Ermr 62 9.2059080 0.148482 Prob>F
C Total 63 9.3393750 0.3468

Parameter Estimates

Term Estfinale Std Error t Ratio Prob>Rl
Intercept 0.8516999 0.075259 11.32 <.0001
PFOS -0.036474 0.038471 -0.96 0.3468

PolynomialFitdogr".2

TotalSiOrubin 0.9635 - 0.22847 PFOS + 0.0462 PFOSA 2

Summary ofFit

RSquare 0.051848
RSquare Adi 0.020761



Root Mean Square Error 0.318261
Mean ofResponse 0.672973
Ob"rvaflons (orSum Wgis) 148

AnalysisofVariance
Source DF Sum ofSquares Mean Square F Rato
Model 2 0.704787 0.352393 3.4790
Error 145 14.687105 0.101290 Prob>F
C Totw 147 15.391892 0.0334

ParameterEsdmates

TWM Esdmate SW Error tRa#o Prob.-.pl
0.7896264 0.05149 15-34 -c.0001

PFOG -0.104564 0.040as -2.57 0.0111
PFOSA2 0.0120040 0.00560 2.12 0.0367



Scattec PlOt of Totdl Bilicubin and PFOS, Antwecp, 1997

TotalBilirubinBy PFOS
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PFOS

Unew Rt

PolywffdalRt dogree-2

Unear Rt

TotalBilrubin.,0.8617- 0.03647 PFOS

Summary of Rt

RSquare 0.014291
RScpjare Adj -0.00161
Root Mean Square Error 0.385334
Mean of Response 0.796875
Observagons (orSum Wgts) 64

Ana"s d Vadance

source DF Sum of Squares Mean Square F Rado
Model 1 0.1334670 0.133467 0.8989
Error 62 9.2069080 0.148482 Prob>F
C Total 63 9.3393750 0.3468

Parameter Esdmates

Term Esdmate Std Error tRado Pmb>@l
Intercept 0.8516999 0.075259 11.32 <.0001
PFOS -0.036474 0.038471 -0.96 0.3468

PolynarrdalFitdogr".2

TotalSiUrubin 0.9635 - 0.22847 PFOS + 0.0462 PFOSA 2

Summary of Fit

RSquare 0.051848
RSquare Adi 0.020761



Root Mean Square Error 0.381007
Mean of Respon3G 0.796875
Observadons (orSum Wgts) 64

AnalysisofVariance

Source OF Sum ofSquares Mean Square F Ratio
Model 2 0.4842255 0.242113 1.6678
Error 61 8.8551495 0.14SI66 Prob>F
C Total 63 9.3393750 0.1971

Parwmter Esdmates

Term Esdmate SW Effor tRago Prob:..Pl
intempt 0.963501 0.103492 9.31 -c.0001
PFOS -022"68 0.1 -1.77 0.0821
PFOSA2 0.0461951 0.029718 I.SS 0.1253



SCatter Plot of Total BiLicubin and PFOS, Decatuc, 1997

TotalBilirubinBy PFOS
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.00 2.00 4.00 6.00 8.00 10.00

PFOS

Unew Fit

PdynorWal Rt dogroeq

Unew Rt

TotalBilrubin O.SGWS - 0.00894PFos

Summary ofRt

RSquare 0.004924
RSquare Adj -0.00721
Root Mean Square Error 0.229
Mean ofResponse 0.578671
Observations(orSum Wgts) 84

An*W.s ofVariance

Source OF Sum ofSquares Mean Square F Ratio
Model 1 0.0212775 0.021278 0.4057
Error 82 4.3001510 0.052"1 Prob>F
C Totw 83 4.3214286 0.5259

ParameterEsdmates
Term Estimate Std Error tRatio Pmb>ftl
Intercept 0.5960926 0.037161 16.04 <.0001
PFOS -0.008937 0.01403 -0.64 0.5259

PolynomialFitdogres-2
TotalBilrubinm 0.68287 - 0.09408PFOS + 0.01143 PFOSA 2

Summary ofRt
RSquare 0.071405
RSquare Adj 0.048477



Root Mean Square Error 0.222579
Mean of Respon3o 0.578571
Observations (orSum Wgis) 84

AnalysisofVadance

Source DF Sum of Squares Mean Square F Ratio
Model 2 0.3085734 0.154287 3.1143
Error 81 4.0128552 0.049541 Prob>F
C Total 83 4.3214286 0.0498

Parameter Esdmates

Term Esdmate Sid Ermr tRado Prob>pl
lnwmw d.68n676 0.05102 13.38 -c.0001
PFOS -0.094082 0.0378M -2.48 0.0151
PFOS^2 0.011426 0.004745 2-41 0.0183



FLGURE I

Scattec Plot of Estcadiot and PFOS, Both Locations Combined, 1995

ES[f.idialBy PFOS
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Po"oaM Rt doW"4

Unew Fk

PokrAxdW Fkdogr"4

EsovxWl - 66.4703 - 3.60448 PFOS + 0.42197 PF;OSA2

Summary ofRt

RSquare 0.07616
RSquare AcQ 0.05"23
RocrtMe= Square Error 13.33314
Mean d A f" 61.30"

41-069m-- SMwa@m YAP)

Ana"s ofVaftnoo
Source DF Sum ofSquares Mean Square F Ratlo
mociai 2 1245.701 822.850 3.5036Error as 15110.663 177.773 Prob>F
C Total 87 16356.3" 0.0345

ParameterEsdm

TWM Es*nate Std Error tRado Prob@-PI
lntemept 66.470276 3.632698 10.30 -c.0001
PFOS -3.60"77 1.7997 -2.00 0.0484
PFOSA 2 0.4219692 0.167705 2.52 0.0137

"00(li1700000



Estradiol 59.7222 + 0 57198 PFOS

Summary of Fit

RSquare 0.00735
RSquare Adj -0.00419
Root Mean Square Error 13.74017
Mean of Response 61.36364
Observadons (ofSum Wgts) 88

An*313 OfVariance

Source OF Sum ofSquares Mew Square F Ratio

Model 1 120.226 120.226 o.sm
Error as 16236.138 188.792 Probz..F
C Total 87 18356.364 0.4271

Pwameter Eodmd"

Term Estimate SW Error t Ratio Prob>ftl
intercept 59-722236 2.525093 23.65 <.Oooi
PFOS 0.5719843 0.716766 0.80 0.4271



FIGURE 2

Scatter Plot of EstradioL and PFOS, Both Locations Cominbed, 1995

r:stradialBy PFOS WithoUt Employee A
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Summaiy ofRt
RSquare 0.020562
RSquwo Adl -0-00277
Rout Mom Square Error 13.40325
Mean d Response 61.01149
Obseriadons (orSum Wgto) 87

Ana"s d Vaftnoo
source DF Sum ofSquwas Mom Square F RatJoModel 2 316.639 158.320 0.8813&mr 84 15090.349 179.647 Prob>F
C Totw aG 15406.989 0.4180

Pwameter Esdmates
Term Esdmato Sid Emr tRado Prob>plIntwcopt 65.862871 4.074112 16.17 <.Oool
PFOS -3-105693 2.339491 -1.33 0.1879
PFOSA 2 0.3475472 0.278213 1.25 0.2151
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Line.irF,c

E 31(adiol 62 02 71 - 0 3686 1 PFo.-i

Summary of Fit

RSquare
0.002356

RSquare Adi -0.00938
Root Mean Square Error 13.44737
Mean ofResponse 61.01149
Observadon3 (orSum Wgts) 87

AnalysisofVariance

Source OF Sum ofSquares Mean Square F Ratio
Model 1 36.295 36.295 0.2007Erme 85 15370.694 180-832 Prob>FC Total 86 lS406.989 0.6553

Tam &*nft SM Error tRado Prob.-.Pl
[ntomqx SZO27069 2.686488 23.09 -c.0001
PFOS -0.368607 0.82276a -0-45 0.6553



APPEi%4DEX B

UnconjugatedBilirubinand PFOS ScatterPlots

DRAFT



RSquare Adi -002446

Root mean Square Erro( 934987S

Mean ofResponse 42 3=3

observations (orSum Wgts) 84

AnalySi3OfVariance

Source DF Sum ofSquares Mean Square F Rado

Model 2 1.6333 0.8166 0.0093

Error al 7081.0334 87.4202 Prob>F

C Totai 83 7082.6667 0.9907

Pwwn*WWMMISG

TWM Es*nm SW Ermr tRado Pmb>ftl

lntereep
42.334847 2.143189 19.85 4.0001

PFOS .02= 1.591892 -0.13 0.9002

PFOSA2 0.0272273 0.199313 0.14 0.8917



Scatter PLat of Unconjugated 'BLlicubinand PFOS, Both Locations Cofnbined,
UnconjugatedbilirubinBy PFOS 1995
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.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00

PFOS

Unear Fit

PolynomialFitdogree-2

UnGw Fit

Uncon@Qated birtrubin- 0.56837- 0.0285 PFOS

Summary ofFit
RSquare 0.024418
RSqtjareAdj 0.018843
Root Mean Square Error 0.337753
Mean ofResponse 0.506215
Observagans (orSum Wgts) 177

An*sis ofVariance
Source DF Sum ofSquares Mean Square F Ratio
Model 1 0.499660 0.499660 4.3800
Error 175 19.963503 0.114077 Prob>F
C Total 176 20.463164 0.0378

Parameter Estimates
Term Estimate Std Error tRatio Prob>@l
Intercept 0.5683746 0.039072 14.55 <.0001
PFOS -0.028503 0.013619 -2.09 0.0378

Po@nomial Fitdegree-2
ga PFOUnconju tedbillrubin- 0.65239- 0.09941PFOS + 0.00858 S^2

Summary ofFit

RSquare 0.05,9356
RSquare Adi 0.048544



Root Mean Square Error 0.332602
moan ofResponse 0.506215
observations(orSum Wgts) 177

AnalysisofVariance

Source DF Sum of Squares Mean Square F Ratio
Model 2 1.214616 0.607308 5.4898
Error 174 19.248548 0.110624 Prob.,.,.F
C Total 176 20.463164 0.0049

ParameterEsdmates

Term Estimate SW Error tRatio Prob>pl
lntomw 0.6523913 0.060721 12.86 c.0001
PFOS -0.009406 0.030947 -3.21 0.0016
PFOSA2 0.0085787 0.003374 2.54 0.0119



Scatter PLot of Unconjugated Bilirubin and PFOS, Antwecp, 1995

UnconjugatedbibrubinBy PFOS
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.00 2.00 4.00 6.00 8.00 10.00 12.00

PFOS

Unew Fit

PolynorNalFitdogres-2

Unew Fit

Uricon)jgatedbilrubin- 0.69447- 0.02604PFOS

Summary ofFit

RSquare 0.018651
RSquare Adj 0.005217
Root Mean Square Effor 0.374674
Mean ofResponse 0.644318
Observations(orSum Wgts)

An*ds ofVarknoo
Source DF Sum ofSquares Mom Square F Ratio
Model 1 0.204426 0.204426 1.4562
Ermr 86 12.072733 0.140381 Prob>F
C Total 87 12.277159 0.2308

Parameter Esdmates

To= Estmate Std Error tRatio Prob>ftl
Intercept 0.6944654 0.057638 12.05 <.0001
PFOS -0.026036 0.021575 -1.21 0.2308

PolynomialRtdogreaq

Unconjugated billrubin- 0.73919- 0.07468PFOS + 0.00686 PFOSA2

Summary ofFit
R uarSq o 0.027775
RSquare Adi 0.004899



Root Mean Square Error 0.374734
Mean ofResponse 0.644318
Observations (orSum Wgts) 88

Analysisof Vatiance

Source OF Sum of Squares Mean Square F Rato
Model 2 0.340994 0.170497 1.2141
Error 85 11.936165 0.140425 Prob>F
C Total 87 12.277159 0.3021

Parameter Esdmatas

Term Esftgo SW Enor t Rado Prob>pl
intwc"x 0.73919M 0.07335 10.08 -c.0001
PFOS -0.074678 0.063838 -1.39 0.16M
PFOSA 2 0.0068606 O.OM57 0.99 0.3268



Scatter PLot of Unconjugated BiLicubLn and PFOS, Decatur, 1995

UnconjugatedbionibinBy PFOS
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PFOS

Unew Fit

PotynordalPtdogres-2

Unew Fit

Unconpgated bilrubin- 0.39803- 0.01166PFOS

Summary ofFit

RSquare 0.008475
RSquare Adi -0.00292
Root Mean Square Error 0.235059
Mean ofReeMnse 0.369663
ObservafJons(orSum Wgts) 89

An*sls ofVariance
Source DF Sum ofSquares Mean Square F Rado
Model 1 0.0410886 0.041089 0.7436
Error 87 4.8070013 0.055253 Prob>F
C Total 88 4.8480899 0.3909

ParameterEsdmates
Term Esdfnate Std Error tRatio Prob>ftl
lntempt 0.3980339 0.04127 9.64 -c.0001
P SFO -0.011663 0.013525 -0.86 0.3909

PolynomialFitdogree-2

Unconjugatedbillrubinn 0.48279- 0.06966PFOS + 0.00605PFOSA2

Summary ofFit

RSquare 0.051431



RSquare Adi 0.029371
Root Mean Square Error 0.231244
Mean ofResponse 0.369663
Observations(orSum Wgts) 89

AnalysisofVariance

Source DF Sum of Squares Mean Square F Ratio
Model 2 0.2493418 0.124671 2.3314Error 86 4.5987481 0.053474 Prob>F
C Total as 4.8480899 0.1033

Parameter Esdmates
Term Esdrnate Sid Effor tRago Pmb>#l
lntorompt 0.4827917 0.050102 8.17 -c.0001
PFOG -0.069683 0.032262 -2.16 0.0336
PFOS^2 O.OOGMS 0.003066 1.97 0.0517



Scattec Plot of Unconjugated Biticubin and PFos, Both Locations Combined,
1997

UnconjugatedbifirubinBy PFOS
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Unear Fit

PolynorrdalFitdoW"-2

Unew Rt

Unconimated bilrubinn 0.57745- 0.0194 PFOS

Summary of Fit

RSquare 0.012338
RSqtjwo Adj 0.005573
Root Mom Square Error 0.277986
Mean d Response 0.543243
observations(orSum Wgts) 148

An*sis d Vadance

Source DF Sum ofSquare$ Mean Square F Ratio
Model 1 0.140939 0.140939 1.8238
Error 146 11.282304 0.077276 Prob>F
C Totw 147 11.423243 0.1789

ParameterEstimates

Term Estimate Std Error tRatio Pmb>@l
Intercept 0.577447 0.034111 16.93 <.0001
PFOS -0.019403 0.014368 -1.35 0.1789

PolynomialR dogree=2

Unconjugated billrubin- 0.64247- 0.09138PFOS + 0.01097 PFOS^2

Summary of Fit

RSquare 0.045634



RSquare Adi 0.03247
Root Mean Square Error 0.274201
Mean of Response 0.543243
Observations(orSum Wgts) 148

AnalysisofVariance

Source DF Sum of Squares Mean Square F Ratio
Model 2 0.521284 0.260642 3.4666
Error 145 10.901959 0.075186 Prob>F
C Total 147 11.423243 0.0338

Parameter Estimates

Term Esdmdo SW Error tRado Pmb>ftl
lntwwpt 0.6424713 0.044361 14.48 <.0001
PFOS -0.091384 0.03SWI -asi 0.0100
PFOSA2 0.0109746 0.004879 2.25 0.0260



Scattec Plot of Unconjugated Bilicubin and PFOS, Antwecp, 1997

Unconjugatedbili(ubinBy PFOS
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PFOS

Unew Rt

PolynorrdalRtdogres.2

Unew Fit

Uricon)jgatodbilrubin- 0.69161- 0.02872 PFOS

Summary ofRt

RSquare 0.01217
RSquare Adj -0.00376
Root Mean Square Error 0.329151
Mean d Response 0.648438
Observations(orSum Wgts) 64

Analysisd Vaftnoo

source DF Sum ofSquares Mean Square F Ratio
Mocial 1 0.0827520 0.082752 0.7638
Error 62 6.7170917 0.108340 Prob>F
C Total 63 6.7998437 0.3855

ParameterEstimates

Term Estimate StdError tRatio Prob>@l
Intercept 0.6916073 0.064286 10.76 <.0001
PFOS -0.02872 0.032862 -0.87 0.3855

PolynomialFitdogree-2

Unconjugated bilirubin- 0.78708- 0.19268PFOS + 0.03945PFOSA2

Summary ofFit

RSqtjare 0.049788
RSqtjareAdi 0.018634



Root Mean Square Error 0.325458
Mean of Response 0.648438
Obsorvabons (orSum Wgts) 64

AnalysisofVariance

Source DF Sum of Squares Mean Square F Ratio
Model 2 0.3385540 0.169277 1.5981
Error 61 6.4612897 0.105923 Prob>F
C Total 63 6.7998437 0.2106

Parameter Esdmates

Term ENhWe Std Ermr tRado Pmb>pl
lnwc"A 0.7870832 0.088403 8.90 4.0001
PFOS -0.192677 0.110395 -1.75 0.0860PFOSA2 0.0394497 0.025386 1.55 0.1254



Scattec PLot of Unconjugated BLlicubin and PFOS, Decatuc, 1997

Unconjugatedbilirubin13yPFOS
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Unew Rt

- Po"rrJalRtdogr"-2

Unew Rt
Uriconjugatedbilrubln- 0.47268- 0.00489PFOS

Summary ofRt

RSquare 0.001886
RSquare Adj -0.01029
Root Mean Square Erwr 0.202702
Mean ofR"ponse 0.463095
Observagons (orSum Wgts) 84

AnalysWd Vaftnee
Source DF Sum ofSquares Mean Square F Ratlo
Moclel 1 0.0063673 0.006367 0.1550
Error 82 3.3692280 0.041088 Prob>F
C Total 83 3.3756952 0.6949

ParameterEsdmates
Term Esdmate SW Error tRdo Pmb>pl
Intempt 0.47268 0.032893 14.37 -c.0001
PFOS -0.004889 0.012419 -0.39 0.6949

PolyriorNalFddogro"2

Unconjugatedbiurubin- 0.5544- 0.08508PFOS + 0.01076 PFOSA 2
Summary ofFit

RSquare 0.077372



RSquare Adi 0.054591
Root Mean Square Error 0.196086
Mean ofResponse 0.463095
Observations (orSum Wgts) 84

AnalysisofVariance

Source DF Sum ofSquares Mean Square F Ratio
Model 2 0.2611750 0.130588 3.3963
Error al 3.1144202 0.038450 Prob>F
C Total 83 3.3755952 0.0383

Parameter Esdmates

Tam Esdmate SW Ermr tRado Pmb:.gl

lnwcw 0.5544015 0.0""7 12-33 <.0001
PFOS -O.OBWS 0.03338 -2.55 0.0127
PFOS^2 0.01076" 0.00418 2.67 0.0119
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APPENDIX C

HDL atidPFOS ScatterPlots

DRAIFT



Scattec Plot of HDL Cholestecol and PFOS, Both Locations Combined, 1995

HOL-CholesterolBy PFOS
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Unew Rt

PolynorrialRt dogme-2

Unew Rt

HDL-Oholmorol - 51.0197-1.17509 PFOS

Summary of Fit
RSqtjare 0.030337
RSquare Adj 0.0247
Root Mom Square Error 12.55611
Mean d Response 48.45977
Observadons (orSum Wgts) 174

An*Ws ofVadanco
Source DF Sum ofSquares Mean Square F Raflo
Model 1 848.392 848.392 5.3813
Error 172 27116.827 157.656 Prob>F
C Total 173 27965.218 0.0215

ParameterEstimates

Term Esdmate Std Error tFlato Prob>gl
Intercept 51.01971 1.457347 35.01 <.0001
PFOS -1.17509 0.506557 -2.32 0.0215

PolynomialFitdogr".2

HOL-Cholesterol 53.5286-3-30537 PFOS + 0.25758 PFOSA 2
Summary ofFit

RSquare 0.053266
RSquare Adi 0.042193



Root Mean Square Error 12."3
Mean of Response 48.45977
Observadons (orSum Wgis) 174

Analos ofVadance

Source DF Sum ofSquares Mean Square F Rafio
Model 2 1489.605 744.802 4.8105
Error 171 26475.614 154.828 Prob>F
C Total 173 27965.218 0.0093

ParameterEsdmates

Term Esdmate SW Error t Rago Prob>ftl
intemept 53.5286 1.898856 28.19 -c.0001
PFOS -3.306373 1.160937 -2.86 0.0060
PFOSA2 0.257676 0.12657 2.04 0.0434



SCattec PLot of HDL and PFOS, Antwerp, L995

HDL-CholosterolBy PFOS
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- Unew Fit

- PolynoffdalFitdogree-2

Unew Fit

HDL-Chaktgeml - 55.2981- 0.93355PFOS
Summary ofFit

RSqtjare 0.019736
RSquare Adi 0.008337
Root Mean Square Error 12.32088
Mean d Response 53.5
observations(orSum Wgts) 88

Analysisd Vaftnoo

Source DF Sum of Squares Mean Square F Ratio
Mocial 1 262.842 262.842 1.7315
Error 86 13055.158 151.804 Prob>F
C Total 87 13318.000 0.1917

ParameterEsdmates

Term Esdmate StclError tRatio Pmb>ftl
lntemept 55.298149 1.895379 29.18 <.0001
PFOS -0.933553 0.709469 -1.32 0.1917

PolynomialFitdogreem2

HDL-Cholosteral - 56-91 - 2.68656 PFOS + 0.24725 PFOSA 2

Summary of Fit

RSquare 0.033054



RSquare Adi 0.010302
Root Mean Square Error 12.30867
Mean ofResponse S3.5
Observatons (orSum Wgts) 88

AnalysisOf Variance

Source DF Sum of Squares Mean Square F Rato
Model 2 440.212 220.106 1.4528
Error as 12877.788 151.503 Prob>F
C Totw 87 13318.000 0.2397

Parametw Esdmates
Term Esdmate Std Error tRado Prob:,.ftl
inwcqn 56.910034 2.400276 23.62 -c.0001
PFOS -2.686566 1.768392 -1.52 0.1324
PFOS^2 0.2472466 0.228508 1.08 0.2823



Scatter Plot of HOr@and PFos, Decatuc, 1995

HOL-Cholosterol By PFos
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Unew Fit

- PolynorrJalRtdogres-2

Unear Rt

HDL-Cholostard - 45.0317- 0.7097 PFOS

Summary ofRt

RSquare 0.014998
RSquare Adj 0.003272
R ve Error 10.8&T"
Mean of Roqwnso 43.30233
Obseriadons (orSum Wgts)

AnalysisofVwfar"

Source DF Sum of Squares Mom Square F Ratio

Model 1 151.843 151.843 1.2790
Error 84 9972.296 118.718 Prob>F
C Total 85 10124.140 0.2613

Parameter Estimates

Term Estimate SW Error t Ratio Pmb>ftl
Intemept 45.031672 1.928382 23.35 -c.0001

PFOS -0.709695 0.627527 -1.13 0.2613

PolynomialFrtdogr".2

HDL-Cholostarol - 47.1802 - 2.18908 PFOS + 0.16422 PFOSA2

Summary of Fit

RSquare 0.028286



RSquare Adi 0.004872
Root Mean Square Error 10.88702
Moan ofResponse 43.30233
Observaflon3 (OfSUM WgtS) 86

AnalysisOf VadanCO

Source OF Sum ofSquares Mean Square F Rago
Model 2 266.376 143.188 1.2081
Error 83 9837.764 118.527 Prob>F
C Total 85 10124.140 0.3040

Parameter Esdmates

Term Es*nate SW Error tRalio Prob:..ftl
lnwcw 47.180201 2.789208 16-92 -c.0001
PFOS -2.ISSM 1.523604 -1-44 0.1545
PFOSA2 0.1542222 0.1"758 1.07 0.2898



Scattec Plot of HDL and PFOS, Both Locations Combined, 1997

HOL-CholosterolBy PFOS
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Po"ridal Rt dogroeq

Unew Fit

HDL-Chol"orol n 46.3275- 0.45133PFOS

Summary ofFit

RSquare 0.004661
RSquare Adi -0.00212
Root Mean Square Error 10.57408
Mean d Response 45.53691
Obswvadons (orSum Wgts) 149

Ana"s ofVadance

Source DF Sum ofSquares Mean Square F Rago
Model 1 76.804 76.804 0.6869
Error 147 16436.243 111.811 Prob:PF
C Total 148 16513.047 0.4086

ParameterEsdmates

Term Esdmate Std Error tRago Prob>@l
lntemept 46.327525 1.288559 35.95 <.0001
PFOS -0.451333 0.544563 -0.83 0.4086

PolynardalFitdogr".2

HOL-Cholosteral- 46.8473-1.03203 PFOS + 0.08884PFOSA 2
Summary ofFit

RSquare 0.006173
RSqtjareAdl -0.00744



Root Mean Square Error 10.60212
Mean ofResponse 45.53691
Observaton,s (OfSUM Wgt3) 149

AnalysisofVariance

Source DF Sum ofSquares Mean Square F Ratio

Model 2 101.936 so
'
968 0.4534

Error 146 16411.111 112.406 Prob>F
C Total 148 16613.047 0.6363

Parameter Esdmaws
Term Es*nate SW Error t Ratio Prob>pl

Intercept 46.847332 I.NW67 27.62 <.0001
PFOS -1.032032 1.343985 -0.77 0.4438
PFOSA2 o.oee84O4 0.187882 0.47 0.6370



Scattec PLot of HDL and PFOS, Antwecp, 1997

HOL-CholesterolBy PFOS
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Summary ofRt

RSquare 0.00232
RSquare Adj -0.01352
Root Mom Square Error 10.86"2
Mom ofResponse 49.67692
Cbservation3(orSum Wgts) 65

An*,sisofVadarce

Source OF Sum ofSquares Mean Square F Ratio
Model 1 17.2928 17.293 0.1465
Error 63 7436.9226 118.046 Prob>F
C Total 64 7454.2154 0.7032

ParameterEstimates

Term Es*noo StdEffor tRatio Prob>pl
Intercept 50.28CA04 2.086111 24.11 <.0001
PFOS -0.41131 1.074642 -0.38 0.7032

Po"rrialFrtdogr".2

HOL-Cholosteroln 52.4254- 4.16781PFOS + 0.90954PFOSA 2
Summary of Fit

RSquare 0.020968
RSquare Adj -0.01061



Root Mean Square Error 10.84934
Mean ofResponse 49.67692
Observations (orSum Wgts) ss

AnalysisofVariance

Source DF Sum ofSquares Mean Square F Ratio

Model 2 156.3026 78.151 0.6639
Error 62 7297.9128 1.17.708 Prob>F

C Total 64 7454.2154 0.5184

Pwwotor Estimates

TWM
Estimate SW Etmr t Rado Pmb@-ftl

InUmW 52.425357 2.865909 18.29 -c.0001
PFOS -4.167812 3.819458 -1.15 02mg
PFOSA2 0.9096417 0.836957 1.00 0.2814



Scattec PLot of HDL and PFOS, Decatuc, 1995

HDL-CholosterolBy PFOS
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UnewRt

HDL-Cholestwd - 42.3281+ 0.00268 PFOS

Summary ofFit

R@Squwo 2.712o-7
RSquwo Adj -0.01219
Root Mean Square Error 9.293759
Mean d RoWnse 42.
ObsermiJons (orSum Wgts) 84

Analysisd Vaftnoo

Souroo DF Sum of Squares Mean Square F Rado
Model 1 0.0019 0.0019 0.0000
Error 82 7082.6647 86.3740 Prob>P
C Total 83 7082.6667 0.9962

ParameterEsdmates
Term Esdmate Std Error tRatio Prob>pl
lntempt 42.328069 1.508131 28.07 <.0001
PFOS 0.002685 0.569385 0.00 0.9962

PolynorNalFitdogres-2

HDL-Cholosteroln 42.5348- 0.20021PFOS + 0.02723 PFOSA2

Summary ofFit

RSquare 0.000231



J09M -Volume41,Number 9,SePtember1999 799

Serum PerfluorooctaneSulfonateand Hepatic
9 0

and Lipid CII.McalChemistry Tests "n
fluorochemicalProduction Employees

Geary W. Olsen, DVM, PhD he3M Companymanufacturesprod-
Jean M. BurTis,RN, MPH uctsthatcontainfluorochemicals,ei-

JeffreyH. Mandel, MD, MPH therasintentionalcomponentsorre-
sidualimpurities,thathave as a

LarryR. Zobel,MD, MPH precursormoleculeperfluorooctane
sulfonylfluoride(CSF17So2F). Work-

The3M Company manufacturesfluarochemicals,whichhaveasa placeexposuremay occurby inhala-
precursorperfluorooctanesuy'onylfluoyide (CsF,7SO2F). These com- tion, ingestion, and dermal routes.
pounds may be expectedtotransformmetabolically,toan undetemined These fluorochemicalsmay u-ansform
degree,topeiflyoroocianesu@fonate(PFOS, C8F,7SO_3-) as an end- metabolicay, toan undeterminedde-
stage metabolite. Subchronic studies in rats and primates indicate a gree, to perfluorooctane sulfonate
potential for cumulative toxicitywith PFOS with the pfimaiy effect (PFOS; CF,7SO3-) as an end-stage
relatedtometabolic wasting with hypoliptdemza as a consutentfinding. metabolite.' Potassium perfluo-
Biennial medical surveillance has been offered to the company's rooctanesulfonate(CsF,7SO3 K') is

fluorochemzcal pmduction *workers locakd in Decatur, Alabama, and itselfa surfactantused asa wettingand

Antwerp, Belgium. In 1995, the mean serum PFOS level,as measured foaming agentin industrialand com-
orby high-pe@bmance liquidchromatography mass spectromet-ryf 178 mercialprocesses.

male employeeswas 2.19 partsper miuion (ppm; range,0.00 to 12.83 PFOS isknown toconcentratepri-

ppm), and in 1997, for 149 male employees,itwas 1.75 ppm (0.10 to marilyintheliverand,toa 10-fold
2

9.93 ppm). Our analyses suggest that among these prod@ction employ- lesser extent, in the plasma of rats.

ees, there were no substantial changes in -serum hepatic enzymes, There, appears to be significant en-
terohepaticcirculationof PFOS withcholesterol,or lipopmteins associatedwith PFOS levelslessthan 6 ppm. 2.3

It was not possible to derive inferencesftom thefew employees who had both urinary and fecal excretion.

serum PFOS levels2: -6 ppm. These resultsmay be due to the lower Levels Cholestyramine decreased the reten-

of serum PFOS measured among these production employees, compared
tion of radiolabeled PFOS in the

to those suspected to cause effectsin laboratory animals.
liver and plasma and increased its
eliminationvia feceS.3Subchronic
studiesin ratsand primatessuggest
there is cumulativetoxicitywith
PFOS.4-7 Lowered serum totalcho-
lesterollevelsappear to be an early
consistentfindin-,with cumulative
toxicityresultingin metabolicwast-
ing and ultimatelydeath.Although
themechanism of toxicityin labora-
toryanimalsisnotfullyunderstood,
itmay be due to an effecton fatty

FiximtheMedical Department.3M Company, St.Paul.Minn.
acidtransportand metabolism,mem-

Address correspondence to: Geary Olsen. DVM. PhD. Medical Department.3m Company. branefunction.peroxisome prolifer-
220-3W-0i. St.Paul,MN 55144. ation,and/ormitochondrialbioener-

T

Copyri-,ht0 by American CollegeofOccupationaland EnvironmentalMedicine cetics.8-1I
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Voluntarybiennialmedicalsur- reductionwas due to a largeturnover thatwere consideredin theanalyses.
veillanceof*fluorochemicalproduc- ofemployeesatboth plantlocations For stratifiedanalyses.employees
tionemployees has been routinely during1996 and 1997.The surveil- were dividedintofourPFOS catego-
performedsincethe late1970s at lanceconsistedof a medicalques- ries(0to<I ppm. Ito< 3 ppm.3 to
3M's Decatur.Alabama, and Ant- tionnaire:measurement of height. <6 ppm. and a-6ppm) todetermine

%%,erp,Belgium. locations.Total se- weight.and blood pressure,standard whetheran effectcouldbe detectedat
rum organicfluorinelevelswere an- clinicalchemistryand hematology thehighestserum PFOS levels.Other
al),zeduntilthe mid-1990s when tests:and determinationof serum categoricallevelswere used thatpro-
serum PFOS determination,quantifi- PFOS levels. videdsimilarresults.For mul6vwiable
able by high-performanceliquid

PFOS Analysis
regressionanalyses,serumPFOS and

chromatographymass spectrometry. thepotentialconfoundersofage,BMI,
became available.ne purpose of In 1995,the analysisfor serum alcoholuse.and cigaretteuse were

thisstudywas to providea cross- PFOS was conductedby 3M's Envi- examined as continuousand categori-

sectionalanalysisof themedicalsur- ronmentalLaboratoryin St.Paul. calexplanatoryvariablesin themod-

veillancedatainrelationto theem- Minnesota.The method usedtetrabu- els.Muldvariableregressionmodels

ployees'serum PFOS levels. tylammonium toion-pairwithPFOS were fitted,withPFOS analyzedas a
in serum.13 The ion-pairswere then continuousvariable,using linearas
extractedwithethylacetate.The ab- well as non-Hneartransformationsin

Methods stractionproductwas then analyzed orderto maxirnizethepossibilityof
usinghigh-performanceliquidchr6- findingassociationsbetween PFOS

Fluorochemical Production matography-ther7nospraymass spec- and thedependentvariableof interest.
Fluorochemicalproductionbegan trometry.In 1997,theserum samples Naturallogtransformationsof thede-

inDecaturin 1961 and Antwerp in were analyzedby liquidchromatog- pendent variableswere performed,
1976. In general,perfluorinated raphy/massspectrometry,using se- when necessary,to normalizevari-
chemicalsareproduced via an elec- lectedion monitoringin thenega- ablesand toenhancemodel fit.Tradi-
trochemicalprocess:a solutionof tive-ionmode."'-is tionalstepwiseselectionprocedures
organicsubsmte iselec"lyzed in were alsoutilized(selectioninand out
anhydroushydrogen fluorideat a LaboratoryAnalyses ofmodelwas setatP = 0.1),asweH
low voltage.12The productsof this For both time periodsand plant astakingintoaccountothercovariates
electrolysiscellreactionarehighly locations,UnitedLaboratoryServices thatmay be on thebiologicpathwayof
fluorinatedcompounds, with the (St.Paul,W performedthestandard effecl" We didnotexan-dnechanges
end-productdefinedby the starting hematologicaland serum chemistry in measured PFOS betweenthe two
material.Potentialforworkplaceex- tests.These includedthe following: time periodsbecausethe estimated
posuretothosefluorochemicalsthat allWinephosphatase(IU/L),gamma half-lifeof PFOS intheserum isbe-
metabolizetoPFOS can occurinthe glutainyltransferase(TU/L),aspartate lievedto rangebetween 1000 and
electrochemicalcell,the reactor, aminou-ansferase(IU/L),alanineami- 1500days(J.H. Mandel,MD, unpub-
mixing,drumming, and packaging no=mferase (ITJ/L),totaland direct lisheddatabasedon 4 yearsof serum
areas,aswellas intheplant'squality bilirubin(mg/dL),cholesterol(mg/ measurementsof threeretirees,1998).
assuranceand researchand develop- dL),low-densityprotein(mg/dL), Study resultswere analyzedusingthe
ment laboratories. high-densitycholesterol(HDL; mg/ SAS System.17

dL)andtriglycerides(mg/dL).Clinical
Subject Selection chemistry,hematology,and serum
Voluntaryfluorochemicalmedical PFOS detem-dnationswere performed

Resultssurveillanceexaminations are of- on overnightfastedblood samples.
feredbienniallyto approximately

DataAnalysis
The distributionofemployees,by

200 Antwerp and 300 Decaturpro- serum PFOS exposure categoriza-
ductionemployees.In 1995,a total Descriptive,simple,and stratifiedtion,is presentedin Table 1.

of 178 male employees (Antwerp: analyses,analysesof variance,and or- Whereas 20% of the Decaturem-
n = 88;Decatur:n = 90) partici- dinarymultivariableregressionwere ployeeshad exposuresat2:3ppm for
patedinthemedicalsurveillanceex- used toevaluateassociationsbetween both years,thisproportionin Ant-

aminations.In 1997, 149 male em- PFOS and each hematologicaland werp declinedfrom 25% in 1995to
ployees(Antwerp:ii= 65. Decatur: clinicalchemistrytest.Age. body mass 13% in 1997.For bothyears.95% of
n = 84)participated.(Therewere too index(BMI: kg/in2).curr-entalcohol the employees'serum PFOS levels
few femaleemployeesto includein consumption(drinksperday),andcig- were below 6 ppm. There were no
thedataanalysis.)Sixty-oneemploy- aretteuse (cigarettessmoked perday) PFOS measurements 2!6 ppm in
ees participatedin both years.This were potentialconfounding factor% Antwerp in1997.
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TABLE1
DistributionofEmployees,by Year,Location,andPerfluorooctaneSulfonate(PFOS)ExposureLevel(inpartsper
million[ppm])

1995 Data 1997Data

AllEmployees Antwerp Decatur AllEmployees Antwerp Decatur

PFOS n % n % n % n % n % n %

0 to <1 ppm 45 25 34 39 11 12 60 40 31 48 29 35

1 to <3 ppm 91 51 32 36 59 66 63 43 25 38 38 45

3 to <6 ppm 35 20 19 22 16 18 21 14 9 14 12 14

@-6 ppm 7 4 3 3 4 4 5 3 0 0 5 6

Total 178 100 88 100 90 100 149 100 65 100 84 100

TABLE 2
totalbilirubin,thathad significant

Mean ValuesofPFOS, Demographic,Serum Chemistry,and Hematologic
(P < 0.05)F testsfordifferencesin

Parameters for Antwerp and Decatur, 1995 and 1997 Examinatione
means in both years of analysis.

1995 Date 1997 Date Stratification by plant location and

Variable Antwerp Decatur Antwerp Decatur
surveillance year did not result in

significantfindingsfortotalbilirubin

PFOS.ppm 1.93 2.44 1.48 1.96 or directbilirubin(Table 4).Third,
Age,years 37... 45 33'- 44 mean serum cholesterollevels re-
BMI,kg/M2 23.9- 29.2 23.5- 30.0

Cigarettes,no. per day 4.7* 7.9 5.5 6.6 mained constant (1995) or increased

Alcohol.drinksperday 1.3- 0.2
1.1... 0.1 (1997) with higher PFOS category

AlkPhos,IU/L 75- 97 70... 87 levels,although the HDL mean val-

GGT, IU/L 41 48 26* 36 ues trended lower among those em-
AST, IU/L 26* 29 27 26

ployees with the highest PFOS cate-
ALT, IU/L 44 47 31 34

T. bilirubin,mg/dL 0.86'@- 0.58 0.80*- 0.58 gorizations.Stratificationby plant

D.bilirubin,mg/dL 0.22 0.21 0.15-* 0.12 location and surveillanceyear did

Cholesterol,mg/dL 214 218 206 215 not resultin significantlydifferent

LDL,mg/dL 138 136 134 137

HDL, mg/dL FA.- 43 so-* 42
mean cholesterolor HDL values by

Triglycerides,mg/dL 115- 187 ill... 192 PFOS categories(Table 5). Finally,

P < 0.05;- P < 0.01; P < 0.001.
itshould be noted that employees in

BMI, body mass index;AJkPhos, alkalinephosphatase;GGT, gamma glutamyltrans-
the highest PFOS category were

ferase;AST, aspartateaminotransferase;ALT, alanineaminotransferase;T.,total;D.,direct;
older and had higher BMIs than did

LDL,low-densitylipoprotein;HDL, high-densitylipoprotein. employees in the lowest PFOS cate-

goiy. Furthermore, in 1997, the em-

ployees with at6 ppm serum PFOS

The mean values forPFOS, demo- covariatesand hepatic enzymes, cho- levelswere only from Decatur (Ta-

graphic, and liverand lipidtestre- lesterol,and lipoproteinsby four lev- ble 1). thus the analyses may be

sults,by location,are presented in elsof PFOS categorization(0 to < 1, confounded because Decatur em-

Table 2. The Antwerp male em- I to <3, 3 to <6, and a:6 ppm) for ployees were generally older and

ployee population was sicynificantly the combined populations for each heavier than Antwerp employees.

younc,er than that at Decatur, had surveillanceyear. (Hematology and For example, in 1997 themean HDL

lower BMIS, and had higher self- other clinicalchemistry data were levelfor the a6 ppm group was 40

reported daily consumption of alco- unremarkable and are not shown.) mg/dL (Table 3). However. this

hol.In addition,theirclinicalprofiles Several observations are noteworthy. mean value was solely from Decatur

were differentfor severaltests.For First,the mean for the @t6 ppm employees.

both time periods,the Antwerp em- PFOS category was one order of Linear and nonlinear relationships

ployees had lower mean alkaline magnitude higher than the lowest between PFOS and the dependent

phosphatase and triglyceridevalues PFOS category (0 to < I ppm) for variablesof interest,takinc,intoac-

and hi-her totalbilirubinand HDL both years.Also, the means of the count the potentialconfoundina af-

values. four PFOS categories were signifi- fectsof age. BMI. alcohol,and cig-

Table 3 liststhe mean. median, cantlydifferentfrom each other.Sec- arettes.resulted in many analyses.

standard deviation,and range of the ond, there was only one variable. Total bilirubinshowed a significant
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TABLE3
Mean,Median,StandardDeviation(SD)ofMean andRangeofPFOS,byDemographicandSerumChemistriesforAntwerp
andDecaturEmployeesCombined,for1995(n= 178)and1997(n= 147)

1996Date 1997Data

PFOS'(ppm) Mean Median SD Range Mean Median SD Range

PFOS,ppm
0 to<1 0.491 0.50 0.27 0.00to0.90 0.52' 0.52 0.27 0.10to0.97
1 to<3 1.82'

'
1.77 0.58 1.00to2.91 1.781 1.64 0.56 1.02to2.89

3to<6 4.121 3.97 0.81 3.00to5.80 3.871 3.59 0.70 3.09to5.30
2--6 8.171 7.73 2.52 6.06to12.83 7.201 6.68 1.59 6.05to9.3

F value 321.9,P < 0.0001 F value 367.6.P < 0.0001
Age,years
0 to <1 37 36 a 21 to 58 36 34 11 21 to62
1to <3 422 41 9 25 to60 422 41 9 24 to63
3 to<6 40 40 7 26 to55 41 42 5 32 to54
a6 45 43 7 37 to56 42 45 9 29 to52

F value 3.7,P - 0.02 F value 5.1,P 0.002
Alcohol,drinksperday
0 to<1 0.8 0.6 0.9 0 to3.6 0.5 0.1 0.8 0 to4.3
1 to<3 0.5 0.1 0.7 0 to3.6 0.5 0.1 0.8 0 to5.0
3 to<6 1.2 0.3 1.9 0 to6.0 1.0 0.1 1.8 0 to7.1
a6 0.7 0.0 1.1 0 to2.9 0.2 0.1 0.2 0.1to0.8

F value 4.0.P - 0.009 F value 1.8,P 0.15
BMI, kg/m2
0 to <1 25.5 24.8 4.2 17.9to38.7 26.0 24.9 4.9 20.1to41.7
1to<3 27.7 26.3 5.8 19.6to60.7 27.7 26.4 5.7 18.1to48.5
3 to<6 24.93 25.0 3.8 17.9to32.5 27.3 27.9 4.4 19.1to36.0
2:6 27.7 29.4 4.2 20.6to33.0 30.8 29.7 4.0 26.1to36.2

F value 3.7,P = 0.02 F value 2.1.P 0.10
Cigarettes,no.perday
0 to<1 2.6 0.0 6.4 0.0to25.0 4.7 0.0 9.4 0 to40
1 to<3 6.8 0.0 11.3 0.0to40.0 8.2 0.0 11.3 0 to40
3 to<6 10.6 8.0 12.4 0.0to40.0 4.1 O.D 8.3 0 to30
2:6 0.4 0.0 1.1 0.0to3.0 6.0 0.0 13.4 0 to 30

F value 4.8,P = 0.003 F value 1.5,P 0.23
Alkalinephosphatase,IU/L
0 to<1 80 78 22 31 to158 77 73 17 49 to 132
1 to<3 89 89 27 49 to191 83 79 23 41 to 163
3 to<6 86 85 21 32 to124 76 74 22 29 to 120
2:6 88 85 24 63 to136 88 84 18 65 to 114

F value 1.3,P 0.28 F value 1.2,P 0.32
GGT, U/L
0 to <1 43 31 28 16 to 155 28 22 20 10 to 142
1 to<3 47 36 39 2 to293 36 25 33 10 to 179
3 to<6 40 39 15 21 to80 28 27 14 13 to71
2:6 43 33 18 28 to 79 33 37 12 17 to48

F value O.S.P 0.71 F value 1.1,P 0.34
AST, U/L
0 to<1 27 25 13 15 to 96 27 25 7 13 to53
1 to<3 29 26 12 14 to 90 26 25 7 15 to56
3 to<6 25 24 5 13 to 37 25 23 7 14 to43
a6 33 33 6 26 to 43 29 28 3 26 to34

F value 1.8,P 0.14 F value 0.5.P 0.67
ALT. IU/L I
0 to <1 48 43 20 27 to 118 31 30 11 13 to60
1to<3 46 42 21 18 to 183 33 29 16 10 to89
3 to<6 42 41 7 30 to59 34 31 18 14 to82
a6 51 49 17 29 to82 41 45 10 25 to49

F value 1.0,P - 0.38 F value 0.9,P = 0.46
T.bilirubin,mg/dL
0 to<1 0.88 0.70 0.50 0.40to2.90 0.77 0.60 0.40 0.30to2.30
1 to<3 0.662 0.60 0.30 0.20to 1.50 0.612 0.60 0.21 0.30to 1.30
3 to<6 0.642 0.60 0.28 0.20to 1.40 0.63 0.50 0.31 0,40to 1.30
a6 0.76 0.70 0.23 0.50 to 1.20 0.58 0.50 0.24 0.40to 1.00

F value= 4.4.P = 0.005 F value 2.9.P = 0.04
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TABLE3
Continued.

1995Data 1997 Date

PFOS* (ppm) Mean Median SD Range Mean Median SD Range

D. bilirubin,mg/dL
0 to <1 0.22 0.20 0.05 0.02 to 0.40 0.15 0.10 0.07 0.10 to 0.40

1 to <3 0.21 0.20 0.06 0.10 to 0.40 0.122 0.10 0.04 0.10 to 0.20

3 to <6 0.21 0.20 0.04 0.20 to 0.30 0.12 0.10 0.04 0.10 to 0.20

a:6 0.20 0.20 0.02 0.10 to 0.30 0.10 0.10 0.00 0.10to 0.10
F value 0.6,P = 0.58 F value 3.5.P = 0.02

Cholesterol.mg/dL
t 0 to <1 219 215 47 100 to 340 198 197 40 110 to 280

1 to <3 216 213 43 118 to 315 216 219 42 116 to 365

3 to <6 214 214 35 128 to 278 2292 224 29 192 to 321

2--6 213 221 36 160 to 251 229 238 26 186 to 250

F value 0.1,P 0.96 F value 4.3,P 0.006

LDL, mg/dL
0 to <1 140 137 43 29 to 261 124 128 34 50 to 205

1 to <3 134 134 40 44 to 234 141 134 38 61 to 290

3 to<6 137 135 34 65 to 190 1482 142 24 111 to 196
2:6 142 136 32 95 to 178 145 156 26 103 to 164

F value 0.2,P 0.87 F value 3.7.P 0.01

HDL. mg/dL
0 to <1 53 53 13 31 to 94 46 48 11 19 to 74

1 to <3 48 47 13 26 to 94 44 45 10 28 to 69

3 to <6 45 46 11 23 to 74 48 47 10 32 to 69

a6 45 46 9 34 to 61 40 38 4 37 to 45

F value 2.9,P 0.04 F value 1.1,P 0.34

Triglycerides,mgtdl
0 to <1 129 96 98 41 to 622 148 107 162 38 to 1209

1 to <3 161 133 107 41 to 651 156 122 108 44 to 534

3 to <6 isa 142 88 34 to 413 166 158 92 45 to 394

a-6 132 151 45 64 to 187 220 191 83 149 to 352

F value 1.1.P 0.35 F value= 0.5,P 0.67

See Table I forsample sizeby year.
Mean issignificantlydifferent(P < 0.05,Bonforroni(Dunn)test)from themean of theotherPFOS categories.

2 Mean issignificantlydifferent(P < 0.05,Bonferron!(Dunn)test)from themean of 0 to <1 ppm PFOS category.
3 Mean issignificantlydifferent(P < 0.05, Bonferroni (Dunn) test)from the mean of 1 to <3 ppm PFOS category.

quadraticassociationwith PFOS for riableanalyses(datanot shown) were below 6 ppm. Because theAnt-

Decaturemployees.That is,totalbil- showed no consistentassociations werp and Decatur employees were
irubinlevelsinitiallydeclined.but betweenPFOS and HDL. For both dissimilarby age, BMIS, and self-
subsequentlyincreasedwith increas- plantscombined, HDL levelswere reportedalcoholuse,we conducted
ing PFOS levels.This association significantlynegativelyassociated combined as well as separateanaly-
was not observed in the Antwerp (linearly)withPFOS in 1995,after ses by plantlocation.These three
employee population,which had adjustmentforpossibleconfounding demographic factorsexplain,atleast

highertotalbilirubinlevels.In 1997, factors,but thiswas not observed in partially,why theAntwerp employ-
serum cholesterollevelswere posi- 1997. ees had lower mean serum triglycer-
tivelyassociated(linearly)with se- idesand higherHDL levelsthan the

rum PFOS, afteradjustmentforpo- Discussion Decaturemployees.113-22

tentialconfounding factorsamong We conducted two cross-sectional Clinicalhepaticenzyme testswere

Decaturemployees (datanotshown). analysesof surveillancedata to ex- not associatedwith the employees'

This associationwas not observed amine the associationsbetween se- serum PFOS levels.This was an
with serum PFOS and cholesterolin rum PFOS levelsand severalhema- importantquestionto address be-
1995 among Decatur employees or tologicaland clinicalchemistrytests causePFOS has been reported(1)to

ineithertime periodwith the Ant- in male fluorochemicalproduction be a peroxisome proliferatorin
werp employees.Stratificationof the employees.For both years,95% of ratsg*lo;(2) to resultin increased

databy plant(Table5)and multiva- the measured serum PFOS levels plasma livertransaminasetestsin a
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TABLE4
Mean,Median(Med),StandardDeviation(SD)ofMeanandRangeofPFOS,andTotalandDirectBilirubinLevels,byYear
and PlantLocation

Antwerp Decatur

PFOS* (ppm) Mean Med SD Range Mean Med SD Range

1995 Data
T.bilirubin,mg/dL
0 to<1 0.96 0.80 0.55 0.40to2.90 0.65 0.60 0.16 0.40to 0.90
1 to<3 0.83 0.80 0.26 0.40to1.30 0.57 0.50 0.28 0.20to 1.50
3 to<6 0.75 0.70 0.30 0.30to1.40 0.51 0.50 0.18 0.20to 1.00
a6 0.93 0.90 0.25 0.70to1.20 0.63 0.65 0.10 0.50to0.70

F value 1.2,P 0.31 F value 0.7.P 0.54
D.bilirubin,mg/dL
0 to <1 0.23 0.20 0.06 0.20to0.40 0.20 0.20 0.00 0.20to 0.20
1 to <3 0.22 0.20 0.04 0.20to0.30 0.20 0.20 0.06 0.10to 0.40
3 to<6 0.21 0.20 0.03 0.20to0.30 0.20 0.20 0.04 0.20to 0.30
a6 0.20 0.20 0.00 0.20to0.20 0.20 0.20 0.08 0.10 to 0.30

F value 0.7.P 0.55 F value 0.4,P = 0.74
1997 Data
T.bilinibin,mg/dL
0 to<1 0.90 0.80 0.46 0.40to2.30 0.63 0.60 0.30 0.30to 1.40
1to <3 0.68 0.70 0.23 0.30to1.30 0.56 0.50 0.18 0.30to 1.00
3to<6 0.79 0.70 0.40 0.30to1.30 0.51 0.50 0.16 0.30to0.90
a6 - - - 0.58 0.50 0.24 0.40to 1.00

F value 2.3,P = 0.11 F value 1.0,P 0.41
D.bilirubin,mg/dL
0 to <1 0.16 0.20 0.08 0.10to0.40 0.13 0.10 0.06 0.10to0.30
1to <3 0.13 0.10 0.05 0.10to0.20 0.11 0.10 0.03 0.10to0.20
3 to<6 0.14 0.10 0.05 0.10to0.20 0.11 0.10 0.03 0.10 to0.20
a6 - - 0.10 0.10 0.00 0.10to0.10

F value 2.2,P = 0.12 F value= 1.3.P 0.28

See Table1 forsample sizesby year.

subchronicratstudy4;and (3) to Comparable percentagesalsoexisted at 4.5 mg/kgtday had mean serum

increaseserum aspartateaminotrans- in 1997.We areuncertainwhether cholesterolvaluesthatdecreasedfrom

feraseand lower alkalinephospha- post-collectionfactors,includinghe- 183 mg/dL to 99 mg/dL within30

tase levelsin a subchronicrhesus molysis,light,and heat,could have days.5Rhesus monkeys administered
5monkey study. contributedtothedifferencesintotal 1.5 mgtkgtday had mean cholesterol

There appears to be significant bilirubinlevelsbetween theAntwerp levelsthatdecieasedfrom 195 mg/dL

enterohepaticcirculationof PFOS and Decatur employees.18Unfortu- to III mg/dL within90 days.A no-

with bothurinaryand fecalexcretion nately,totalbilirubinwas not ana- observable-effectlevelwas seen for

intherat.2*3Although we observeda lyzedintwo subchronicrhesusmon- the0.5mg/kg dose group at90 days.

quadraticrelationbetween PFOS and key studies,which resultedindeath Serum PFOS measurements were not

totalbilirubinin our multivariable of all.animalsin the4.5 mg/kg/dAy determinedin theserhesusmonkeys.

analyseswith the Decatur employee PFOS dose group or higher.5.6On- However, datafrom a recentcynomol-

population,interpretationof these going toxicologystudiesin ratsand gus monkey dose-range-findingstudy

data isdifficult,given the narrow primatesshould provide additional suggestedthathypolipidemiamay be

rangeof PFOS serum levelsassoci- perspectivesregardingany biologi- initiallyassociatedwith serum PFOS

atedwith thetotalbilirubinvalues. caleffectbetween PFOS and biliru- levelsintherangeof 100to200 ppM.7

Interestingly,the Antwerp employ- bin levels. Haughom and Spydevold suggested

ees'totalbilirubinlevelswere signif- Our datado notsuggesta reduction thatthehypolipidemiceffectof PFOS
icantlyhigherthanthe Decatur em- in totalserum cholesterolwith PFOS may be due toreducedliveractivityof

ployees'levels.We suspect there at the serum levelsmeasured among hydroxymethyl glutaricacid-CoA re-

may be a greaterprevalenceof Gil- theseproductionemployees.PFOS isa ductase and acyl-CoA cholesterol

bert'ssyndrome2"-23among theAnt- peroxisomeprolifemtorin therat.and acyltransferase,with enhanced fatty

werp employees.In 1995. 15 (17%) hypolipidemiaha.,;been consistently acidoxidationintheliver.'Nabbefeld

Antwerp employees had totalbiliru- observedinsubchronicritand primate et al observedthatPFOS has a high

bin values2ti.2mg/dL, compared toxicologystudies.-"-8-1('Rhesus mon- affinityforthefattyacidcarrierpro-

with three(3%) Decaturemployees. keys thathad been administeredPFOS teinsalbumin and i.-fattyacid-binding



JOEM Volume41,Number 9,September1999

TABLE5
Mean,Median(Med),StandardDeviation(SD)ofMeanandRangeofPFOS,andTotalandHDL Cholesterol,byYearand
PlantLocation

Antwerp Decatur

PFOS* (ppm) Mean Mod SD Range Mean Mod SD Range
1995 Data
Cholesterol,mg/dL
0 to <1 220 219 50 100to340 215 208 39 lr>4to276
1to <3 206 211 49 118 to315 221 218 39 132 to300
3 to<6 217 215 30 178 to266 209 213 42 128 to278
a6 223 221 16 208 to240 206 206 47 160 to251

F value 0.6,P - 0.61 F value O.S.P = 0.69
HDL, mg/dL
0 to<1 56 57 13 31 to94 43 41 9 31 to59
1to <3 53 51 13 33 to79 45 44 12 26 to94
3 to<6 50 49 11 31 to74 39 39 9 23 to51
a6 53 49 7 48 to61 39 39 5 34 to46

F value 1.1.P = 0.35 F value 1.4,P = 0.25
1997 Data
Cholesterol,mg/dL
0to <1 193 190 41 110to277 204 208 38 145 to277
1to<3 213 205 48 116 to365 218 226 39 152 to290
3 to<6 228 223 38 192 to321 230 230 23 197 to280
a6 - - 229 238 26 186 to250

F value 2.9,P = 0.07 F value 2.0.P = 0.13
HDL, mg/dL
0 to<1 51 50 12 19 to74 42 41 9 26 to59
1 to<3 48 46 10 34 to68 42 41 10 28 to69
3 to<6 51 so 10 39 to69 45 45 10 32 to62
2--6 - - 40 38 4 37 to45

F value 0.8.P = 0.47 F value= 0.5,P = 0.67

See Table1 forsample sizesby year.

proteinin vivo.Thiscouldpotentially This was due,inpart,toa largeturn- associatedwith elevatedliverawl%am-
alterfattyacidtransport,biochemistry, over of employees at both plantsbe- inaselevels.24*25
and metabolism,which conceivably tween examinations.Sixth,therecould In summary, our findingssuggest
couldthen leadto a decreasein cho- be measurement errorin important thatamong theseAntwerp and Deca-
lesterolesterificationand metabolic confoundingvariables.Analysisofthe turmale fluorochemicalproduction
wasting.11 dataof the61 subjectswho pardci- employees,therewere no substantial
Several methodological issues patedinboth yearsshowed thatthere changes in serum hepaticenzymes,

shouldbe consideredinevaluatingthe was excellentcorrelationforthecon- cholesterol,or lipoproteinsassoci-
resultsftom our study.Fint@thecross- foundingfactorsofBNE (r= .92,P = ated with PFOS levelsless than 6
sectionaldesigndoes not allowfor a 0.0001),self-reportedaspectsOf alco- ppm. It is not possibleto derive
directanalysisofthetemporalityofan hol consumption (r = .88, P = inferencesfrom the few employees
association.Second, thevoluntarypar@ 0.0001),and cigarettesmoking (r = with serum levels a:6 ppm. Limita-
ticipationratesin the fluorochen-dcal .79,P = 0.0001).As expected,these tionsof thisstudyincludeitscross-
medicalsurveillancewere not ideal 61 employees'serum PFOS levelsfor sectionaldesign,the low voluntary
amon- theeligiblefluorochemicalpro- the2 yearswerehighlycorrelated(r=A-- participationratesamong the em-
ductionemployees.Third.the serum .92,P = 0.0001).Theirresultsdidnot ployees,and thelower levelsof se-
levelsof PFOS thatwere measured differfrom thoseof theentirestudy rum PFOS measured among these
may be below the no-effectlevelin population.Finally,the qualityof employees.compared withthosesus-
laboratoryanimals.Fourth.PFOS con- medicalsurveillancedata,priorto its

pectedto cause effectsin laboratory
centratesprimarilyintheliverof lab- useforstudyingan a priorihypothesis, animals.
oratoryanimals.Serum measurements can oftenbe evaluatedby whether
of PFOS may not adequatelyreflect known positiveassociationsare ob-
body burden.Fifth,the two cross- served.Inthisregard,we did observe
sectionalanalysescannotbe viewed as variousexpectedassociations,such as ACknowledgment
independent populations.Sixty-one cigarettesmokinc,and elevatedwhite The authorsgratefullyacknowledgethe
employees were studiedinbothyears. blood cellcountsand largeBMIS, assistanceof MicheleBuriew.
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MortalityStudyofEmployeesat3M PlantinDecatur,Alabama

A retrospectivecohortmortalitystudyofemployees,who workedatleastoneyear

(beginninginMarch, 1961)atthe3M chemicaland filmplantsinDecaturAlabama,was

conductedby UniversityofMinnesota epidemiologiststodeterminewhetherthe

mortalityexperienceoftheseemployeeswas significantlydifferentfrom thatwhich

would be expected. The cohortsconsistedof 1,050and 1,116men who were ever

employed inthechemicalandfilmplants,respectively.Of thesemale employees,485

and 547 were onlyemployed inthechemicaland filmplants,respectively.A totalof318

femaleemployeeswere identified(bothplantscombined).Vitalstatuswas searched

throughDecember 31,1991 and determinedfor99.7% ofthecohort.Of the74 deceased

employees,deathcertificateswere obtainedfor72 (97.3%). StandardizedMorality

Ratios(SNIRS)were calculatedusingU.S.,Alabama and a regionalAlabama countiesfor

comparisons. Therewas no significantlyelevatedSNlRs. Investigatorsrecommended

thestudybe updatedin1998 tocoveran additionalfiveyearsofmortalityexperience.

3K inconjunctionwithepidemiologistsfromtheUniversityofMinnesotaDivisionof

Occupationaland EnvironmentalHealthareinthemidstofcompletingthisupdated

retrospectivecohortmortalitystudy. Severalmethodologicimprovementshave

occurredsincetheoriginalstudy. Sincethecompletionoftheoriginalmortalitystudy

which abstractedonlythebeginningand stopdatesofemployment from work history



data,3M hasnow computerizedtheentirework historyrecordsofemployees atthe

Decaturlocation.The computerizationofthisdetailedjob and departmentinformation,

inconjunctionwithinformationaboutserum fluorochemicallevelsacquiredfrom

medicalsurveillanceexams and therandom sample (describedabove),willallowforthe

construcfionofapotential-perfluorooctanesulfonate(PFOS) exposurematrix.This

matrixwillbe used tomore thoroughlyassessthemortalityexperienceofDecatur

employees asitrelatestotheworker@ occupationalfluorochemicallevels.Estimated

dateofthefinalreportforthisupdatedretrospectivecohortmortality.studyisNovember

1,2000.
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MortalityStudy of Employees

at 3M Plant

in Decatur,Alabama

InmAuction

A retrospectivecohortmortalitystudyofemployees who worked atleastone yearatthe3M

PlantinD==, Alabama was conductedtodeterminewhetherthemortalityexperienceof

theseemployees was significantlydifferentfrom thatwhich would be expectedina

comparablepopulation.'Me majorelementsof thestudywere tD:(1)ddine and

enun=atr.dw cohort;(2)as=tainpmlinmtempkwnxm informad= (3)

determinevital::mm asofDecember 31,1991;(4)obtaindeathcertificatesfordeceased

cohortmembers and code theundeiiymgcausesofdeath,-(5)selectappropriatecomparison

populations;an 1(6)compam thenumber ofdeathsobservedtothenumber ofdeaths

expected,basedon themmufity ratesofthecomparisonpopulations.

Methods

DqUition ofCohort

Mm cohortcompdsed allemployees who had worked atleastone yea atthe3M Plantin

D=att3r,Alabama and atkm one day afterM=h 1,1961.The cohortwas followedfrom

March 1,1961 throughDecember 31,1991. M=h 1,1961 was.chosenas thebegindate

because3M reportedthatdieplantinDecaturbegan operationsinMarch of 1961 and

revzw ofemployment recordsrevealedthatveryfew =ployew startedwork priorto

March 1,.1961. December 31,1991 was chosen astheend dateforthecunmt follow-up

studybecauseNationalDeath la&x reportingwas completethrouihthatdaw-

Enwmradon ofCohort and Ascermirvmntofperdmnt Employment Informadon

I"@e3M PlantatDecaturprovideda c=puter fileand computer-generatedpagesfbr1,263

,individualsactivelyemdloved anytimesince1986. Tne computerfLIconlycontained

n about themost recentjoboremployment status,whereas thecomputer-

page containedtheentirejobhistory.Inaddition,3M providedphotocopiesof

employment recordsforemployeeswho were: (1)terminatedduring1961 - 1971,(2).

terminatedsince1972,and (3)hiredpriorto1986 and currentlyworking.

6



To identifyoverlapamong therecordsources,a labelwas created@foreach employee inthe

computerfile.Ifbotha computerrecordand a photocopiedemployment recordexistedfor

an employee, thelabelwas affixedto,and thecomputer-generatedpage was attachedto,

thephotocopiedemployment record.Subsequently,new recordswere added tothestudy

databaseforthoseemployees who had photocopiedemployment records,butwere notin

thecomputer file.A totalof 1,906uniqueemployees were added tothestudydatabase.

For allemployees inthestudydatabase,therelevantemployment informationwas

abstractedfrom thephotocopiedemployment recordsand/orcomputer generatedpages. In

thoseinstanceswhere therewere minor discrepanciesinemployment datesbetween the

photocopiedemployment recordand thecomputrr-generatedpage,thedateson the
photocopiedemployment recordwe= Lm=ed tobe correct

Listswere sentto3M fordxm employeesforwhom employment informationwas

missing,insutxient@and/orinconsistenl3M al-;rjwas askedto.providemissing

demographic information(eg.,sex,dateofbirth,etc.)orinformationneeded todetermine

thevitalsmtus oftheemployee or,iftheemployee was deceased,toobtaina copy of the

deathcertificate.Wh= possible,3M wwdied dieDomir Plantpersonnelmcmds,

cmparatehuman mwu=s computerdatabases,and micros'flmedand micmfiched corpm=.

payrollrecordstoprovi& additionalinformationand rwdve Howeve4

despite3Ms efforts,a smallnumber ofemployeeswere stillmissinga s= dateand/orend

date.The dateoffi= employment and thedateofbw employment arerequh-edfor

determiningwhed= theemployee worked foratleastone yea duringthetimeperiodfrom

March 1,1961 throughDecember 31,1991. For such employees,eithertheemployee was

con=tod dhwdy and suppliedthedate(s)ora knowledgeableemployee atthe3M Plantin

T-)em= estimatedthedate(s).The studydatabasesand employment recordswere updated

usingtheinformationprovidedby thevarioussou=s. Any informationwhich remained

missingwas coded as unknown.

There were niuncrousqualitycontrolprocedurestoensurethevalidityof informationinthe

studydatabam. Idormation acquiredfmm thecomputer-genemtedpagesorphotocopied

employment records,providedby 3M oritsemployees,orobtainedduringvitalstatus

fbuow-up was keyed and vcnfied.AU sou=s ofinformationwere reviewedtoensurethat

alleugibleemployees had be= enteredinthestudydatabase.Tne studydatabasewas

examined forduplicaterecords.Wben duplicaterecordswere ioentified,thebest

informationffm bothrecordswas combined intothefirstrecordand thesecondrecord

7



was marked asa duplicate.A random sample of recordswas selectedand key employment

informationwas reabstmctedtodetermineabstractingerrorratesand toidentifyany

systematicerrorswhich may haveoccw7e& 'Me datawere checkedinordertoidentify

missingor inconsistentinformationand 3M was askedtofollow-upon thisinformation.A

comprehensiveezscxcheckingprogramwas writtentoexaminewhether. (1)theindividual

valuesforkey variableswere acceptable,and (2)thevaluesforkey variableswere

consistentwith one another.Errorsidentifiedby thisprogram were resolvedand thestudy

databasewas updated.

ne studydatabaseincluded3,181records.Of these,12wen duplicaterecordsand 1,212

were ineligibleemployees. A descriptionof ineligibleemployeesisshown below inTable

I

Table 1: Descriptionof IneligibleEmployees in Study Database

(n

ReasonforIneligibility N

Wadmd l@m ThanOne Yew l@zio

Did Not Wo& at3M Pim inD== 1

Not SM Employee

TOTAL 1,212

Thus,a totalof 1"7 ehgibleemployees(1,639males and318 females)we= includedin

thefinalcoharl

Fol&ow-upofCohortand Determwadon ofVUd Stam

Forthoseemployees forwhom vad swu was im known (mchxtingthosereportedas

deceased.butforwhom a deathcmuftcatehad notbeenobamed), follow-upmcluded

cpmputmizeddeathsearchesviathe:(1)National'DeathIndex(NDI),(2)EquffaxDeath

Search,and (3)TRW FACS+ Summary. In addition,some employeeswho terminated

employment priorw 1979were actively=cod throughdriver'skmse records,relatives,

neighbors,and/orcoworkers.

A computerft ofemployees forwhom vitalstatuswas notknown was submittedtoNDI

formatching againstinformationfortheyears1979 - 1991.
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EquifaxhasinformationaboutdeathsreportedtotheSocialSecurityAdministration(SSA)

and from sourcessuch as themilitary,corpor-atepensionplans,insurancecompanies,etc.

A computer fileof employees forwhom vitalstatuswas notknown was submittedto

Equifax.

TRW FACS+ Summary containsinformationaboutdeathsand ismaintainedby theCredit

ReportingDivisionofTRW. The majorityofdeathinformationcontainedinTRW alsois

providedby theSSA. TRW was used tosearchfordeathsamong employees forwhom

vitalstatuswas not known. Currently,TRW typicallyprovidesthename, dateofbirth,

and dateofdeathforindividualswho have been reportedd=ued. Throughoutmost of

thestudy,however, 'rRW onlyprovidedinformationthattherehad been a reporteddeath

withthesocialsecuritynumber,withoutprovidingadditionalWendfying

informationordeatl:kdb=don.

Because allof theccaapuumizeddeathsearcheswere dependent upon having thecorrect

somal secuntynumber foran employee,effortswe= made toensmr.theaccuracyofsocial

securitynumbers. L) additiontocomparing socialsecuritynumbers fi-amthevarious

sourcesof informationCLe.,tlccomputerfile,employment r=or&, etc.).TRW Social

Searchwas used toverifytheaccuracyof socialsecuritynumb= foremployees. Some

socialsecuritynumbers were notfoundinTRW. For-thewempIMm thesocialwcmity

numbers were assumed tobe corrembecausedu= area nilrm ofvalidrmons why a

personmay notbe includedinTRW (e.g.,a personmay asktobe removed from theTRW

fileora personmay nothave any creditactivity).AdditLonalncing was done toresolve

discrepanciesinsocialsecuritynumbers.

Activeundng ofemployeeswas performedforallemployeeswho =iim@ priorto1979

(when NDI was unplemented)and forwhom vitalstatuswas notpreviouslyknown.

Driveeslicenserecordsbrequentlywere used todeterminevitalsmm. In addition,

intm-activesoftwarewas used to ssMetronet a nationalconsumer database,and

addressesand/ortelephonenumbers ofrelatives,neighbors,and/orformer employees were

obtained.Other wamng sourcesincludedother3M employeesand law enforcement

gencw& Once a =cing leadwasidendfad,telephone== followedup tode=iine,

directlyorindirectly,thevitalsmm oftheemployee.

The resultsof thevitalstatusfollow-up,alongwiththeemployment s=us asofthestudy

end date,areshown inTables2 and 3 formales and females,respectively.
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Table 2: Descriptionof rinalEmployment Statusand VitalStatus

forMen (n 1,639)

FuW EmploymentStatus

andVitalSam N %

C)mtntlyEmployed 810 49.4

Redmd
Alive 59 3.6

Dead 10 0.6

Unknown 0 0.0

Terminated

Alive 694 42.3

Dead 29 1.8

Unknown 6 0.4

DiedWhileEmployed 31 1.9

TOTAL 1,*639* 100.0*
mayam addtoIW dw o mmft

Table 3: Demipflo!d of FhW Employment Shlus and VitalStatus
for Women (n 318)

.FmalEmpkrynx=Sum

andVitalSmm N %

CurrentlyEmployed 141 44.3

Redred

AH,m 9 2.8

Dead 0 0.0

Unknown .0 0.0

Terminated

Alive 164 51.6

Dead 1 0.3

Unknown ol 0.0

DiedWhileEmployed 3 0.9

WRAL 319 ioo.o*
p=enuga maynotaddtoIW duetomauft
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Six (0.3%)employees were losttofollow-up.For them employees,thelastknown date

dw theemployee was allveisthedateOfMnninRtiOnOfeMplOyMenL A descriptionof the

employees who were losttofollow-upisshown inTable4.

Table 4: Descrfpdon of Employees Lost to Follow-up (n = 6)

bkmtb/yearof Montb/Yearof
Smdy ID Sex Birth Embloyment Job T"itle(s)

20067 male 08/49 08173 - 10(75 generalhelper,

processhelper,

materialhandler,

resinhandler
20"8 nWe 12J37 07.165-07471 generalhelper,

@pr,@ocew help%r,

processoperator,

chemwal opcra",

forr.man
:ZlO28 male 06/41 01/66 -07/68 generalhelper.

processhelper,

processoperator,
chemicaloperator

21057 male 01/46 04/66-07/67 generalhelper,

processhelper,

processoperator
21194 male 11146 08166 -03/69 generalhelper,

processoperator
21639 male 08145 01/69-09M generalhelper,

processhelper,

packcr,

materialhandler

helper,material

handler,process

operator,

warehouseman,

orderfiller,

chemicaloperator



ObtainingandCodingofdeathCerliflcxes
Deathcertificateswererequestedfromstatevitalstatisticsoftims.Ifadeathcertificate

couldnotbe obtainedor thedeath=tificateobtainedwas notforthecorrectperson,

additionalmcing was implemented Overall.72 (97.3%)deathcertificateswere obtained

forthe74 deceasedemployees (70men and 4 women). A descriptionofthestateof

residenceattime ofdeathforthe72 deceasedemployees forwhom a deathcertificatewas

obtainedisprovided inTabk 5. N*metypercentdiedinAlabama.

Table S: Descriptionof Stateof Residenceat Time of Death

forDeceased Employees for Whom a Death CertificateWas Obtained

(n 72)

stme N

Abdxtma 65*

Florida 1.

Gmrgia I

Mchipn

Nfmnesota

Ohio

Tennessee

To=

TOTAL 72

The distributionof&Aft bycalendaryearisshown inTable6.

Table 6: Distributionof Deaths by Year of Death.

(n 74)

YearofDeath N

1967-1969 3

1970-1974 9

1975-1979 9

1980-1984 12

1985-89 33

1990-1991 8

TMAL 74
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Death certificateswere coded by a professionalnosologistaccordingtotheEighthRevision

oftheInternationalClassificationofDiseases(ICD 8).The underlyingcauseofdeathand

any mention ofcancerwere coded.

SelecuonofConvarison Populanons

Tbree comparisonpopulationswere selected.-(1)theU.S.,(2)thestateof Alabama, and

(3)Alabama countieswhere mom thanone-halfofthecounr,-lwas within100 milesof

Decatur,excludingthosecountiesinwhich therewas a citywithgreaterthan 100,000

persons.Countiesincludedinthertgionalcomparisonwere: (1)Blount,(2)Calhoun,(3)

Cherokee,(4)Colbert,(5)CalLman,(6)Do KAlb,M Etowah,(8)Fayette,(9)Fhmkiin,

(10)Jackson,(11)Lamar.(12)Lauderdale.(13)Lawrence,(14)Limestone,(15)?Aadon,

(16)hfwshall(17)Moqpn. (18)St.Clak.(19)Shelby,(20)Talladega,(21)Tuscaloosa..

(22)Walker,and (23)Vrmstm Basedupon 1990 cmm Pgmrs, dw combined

populationforthesecountieswas 1.387,615persons.Countiesexcludeddue to a

populationcenterof 100,000personsormore were: (1)K-wlisonGage cityisHunuvWe),

and(2)Jeffasm (larpcityisBhniingbam).

Race-.sex-.age-.and time-qxciftmortalityrates.4usted toICD 6,vmm obtainedfor

thethreecompanson populaum fim ft Maruauy and PopulationData System (beDS)

attheUmvmiity ofPittsburgh.No mortahtynmes am avaflablefrom thebn3DS priorto

1950 and onlycancermort&Htyratesam availablepriorto 1962. I"nemost currentmormhty

ratesavailablearefor1989.

Sn&dyDamlwe

lle finalstudydambase was a combinationofdatafi-omthefollowingsources:the

computerMr..compater-gen=tedpagm pho=*cd employmentrecords.3K

employem wacing(vitalswu follow-up,and deathcmtficatm Ile followingkey

infcmadon was availableinthestudydatabase:

0 StudyID;

0 firstname, middle name, and lastname;

- st=t address,city,sta and zipcode;
o tel-phonenumber

o socialsecurityninnber,

o sex;

- dateofbirth,
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0 dateOf firstemployment at3M PlantinDecatur,

- dateof lastemployment at3M PlantinDecat=

o number of lapsedmonths betweendateoffirstemployment and dateof lastemployment

when notactuallyworking at3M PlantinDecatur-,

• datefmt employed inchemicaldcpartinent(s);

• datelastemployed inchemicaldepartrncnt(s);

• number ofmonths worked L-ichemicaldcpartrnent(s)(accountingforany lapseswhen

notactuallyworldng inchemicaldcparttncnt(s));

• flagsindicatingwork inspecificdcpm ti,ent(s)(ic.,workedinchemicaldcpw=cnt(s),

worked infilmdep ,,i ent(s),etc.);

• finalemployment status(Le.,currentlyworjdng,redmd,odimvise terminatedfrom

employmen4 diedwhileemployedy,

vitalstatus(Le.,alive,presumed alive,deceased,or unknovm);

dateofdeathor datelastknown tD be allveCifdifferentfiam lastdateofemployment or
dateofterminadw);

undciiyingcauseofdeathcoded toICD 8;and

contdbiltingcausesofdeathorotha significantconditions(ifcancer)coded toICD S.

The namsary datafOw foranalysiswere preparedusingft key informationcontainedin

thestudydataba . As partofthisprocess,defimh valueswere automaticallysubstituted

forany missingcnmponents of employment dates(ie.,06 fora missingmonth and 15 for

a missingday).Ifthisautomaticsubstitutionformissingdatescmated a datethatwas

chronologicallyout ofsequewe, a datawas manually estimatedand thisestimateddatewas

enteredinthestudydatabase.

Anaiysis

The method of analysiswas basedupon a compmison oftheobserved toexpectednumbers

of deathsspecificforthecauseof death,race,sex,age,and time. The estimateofthe

expectednumber of deathswas calculatedby applyingcause-,rn -,sex-,age-,and time-

specificratesforthecomparisonpopulationtotheperson-yearsatrisl Follow-upbegan

March 1.1961. Cohort members didnotcorivibump=on-years untiltheyhad met the
. .

um lengthof work criterion(i.e.,one yearormore).Pcrson-yem offollow-up

were contdbuteduntildeath,104'tofollow-up.crtheendof d2a study(December 31,

1991).No informationon racewas available;thus,employees were assumed tobe white.

Deceased studymembers forwhom a deathcertificatecouldnotbe obtainedonlywem

includedinthe"allcausesofdeath"and "unimown causeofdeath"categories.
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Standardizedmoruhtyratios(SMRS)werecomputedusingtheOccupationalCohott

MortalityAnalysisProgram (OC2AAP).1 Mortalitymtrs forwhiteswere used tocalculate

theexpectednumbers forallmen and allwomen. For 1961,when mortalityratesfor

noncancercauses were unavailable,theexpectednumb= ofdeathswere not calculated

(i.e.,theexpected nmnbm ofdeathswere settozero).Tt=e were no observed deaths

priorto 1967. Mortalityrate for1989 were used toestimatemortalityratesforsubsequent

yew. SMRs w=. calculatedusingbothOCMAP and theUnitedStatesDeath Rates
(USDR) program developed by Monson.2 Resultswere V=ay idendcaj.

mm ovemlipatternof mormhty".vasexamined formen and womal For men, thepattern

ofmortahty by depwtm wodwd dw was ommined. For thisanalysis,thefollowing

subgroupsof employees vA= etTmaL- (1)everampkried Inthechemical iPpm =ergs);

(2)onlyemployed indiechemical kyament(s),*(3)everempk*-ed inthefilm

depm=enKs); and (4)onlyeml@oyed inthefilmdepa=mt(s). Depament codesatthe

3M DecaturPlantwere defmad by four-(hgitcodel ne fim two chptswem'57 fbrfilm

departmentsand were 76 foirch=ical t[nam For II empioycm atleastone

depar=mt was unknown-,and,for3 of!hwc, all--.,- were unknown. Tbus, dww

3 employ= c6uU notbe iwluded indw-subgroup analysisby depwnmt(s) wodm&
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Chuacwbdcs ofmale and femalecohortmembers aregiveninTables7 and 9,

respectively.Men contributed33,108person-yearsof follow-upand women contributed

4,907person-years.There were 70 (95%) deathsaznongmen and 4 (5%) among women.

On average,men enteredthecohortatan'calierpointintime(1971versus1977)and ata

slightlyyounger age thanwomen (25versus26).

Table 7: Characterbtics of Men (n = 1,639)

Variable Vahn

N.=ber ofEmployees 1,639

Number ofPersm-Yum 33,109

Number ofDeaths 70
Average AV StartedWozk 25
Average Yea ofEntry 1971
Average Ap atDeath 47

-A@vc-rAPYea ofDdath 1984

Table 9: C es of Women (n @ls)

vad" Vabit

Number ofEmploye= 318

Number ofPa=-Years 4,807
Number ofDeaths 4

Average Age StartedWedc 26

Avcmgc Yea ofEntry 1977

Avemgr. AV atDeath 28
Av=2p YearofDeath 1980
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In Table9,thedistributionofmen byageandyearofentryintofollow-upisshown.Table

10 shows thesame distributionforwomen. Most men entemd thecohortduringthelate

1960s and early1970s and between theagesof20 and 30,whereas most women entered

thecohortatsimilarage3,butbetween 1970 and 1980.

Table 9: Distributionof Men

by Age and Year of Entry lnto_Follow-up(n = 11,639)

YearofEntryintoFollow-up

1960 1965 1970 1975 1980 1985 1990

Ago 1964 1969 1974 1979 1994 1989 1991 TOTAL

<20 19 34 '86 31 4 2 0 175

20-24 '114 238 301 96 28 18 3 798

25-29 64. 139 65 37 21 14 5 345

30-34 21 58 33 19 8 10 4 153

35-39 22 25 9 15 6 5 1 83

40-44 19 19 4 10 8 2 0 61

45-49 3 3 4 5 0 2 0 17

50-54 0 1 0 0. 2 3 0 6

55-59 0 1 0 0 0 0 0 1

60+ 0 0 0 0 0 0 0 0

TOTAL 261 517 502 213 77 56 13 1,639
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Table 10: Distributionof Women

by Age and Year o! Entry IntoFollow-up(n = 318)

Yew ofEntryintoFoUow-up

1960 1965 1970 1975 1980 1995 1990

Alp 1964 1969 19,74 1979 1994 1989 1991 TOTAL

<20 2 12 18 16 4 0 0 52
20-24 4 22 23 50 4 9 1 113
25-29 .3 4 4 47 4 5 3 70

30-34 2 3 2 15 1 4 2 29

35-39 1 2 3 16 3 3 2 30
40-" 0 0 0 9 3 2 0 13

45-49 0 0 0 5 1 1 0 7
50-54 0 0 0 3 0 0 0 3

55-59 0 0 0 1 0 0 0 1
60+ 0 0 0 0 0 0 0 0

TOTAL 12 43 50 161 20 -24 8 319
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TablesII and 12 pmvide thedistributionofperson-yearsby age and calendarperiodfor

men and w(xnen,respectively.

Table 11: Distributionof Person-Yearsfor Men

by Age and Calendar Period_(n = 1,639)

CalendarPeriod

1960 1965 1970 1975 1980 1985 1990

Age 1964 1969 1974 1979 1984 1989 1991 TOTAI.,!

<20- 9 19 43 23 2 I. 0 96
20-24 182 583 985 930 244 64 21 3,008
25-29 124 861 1,536 1,633 1,171 341 66 5,724
30-34 60 463 1,254 1,672 1,728 1,229 209 6,613
35-39 50 198 609 1,.339 1,716 1,760 636 6,297
40-44 35 129 272 645 1,390 1,719 738 4,927
45-49 21 91 180 29:5 665 1,387. 630 3,270
50-54 0 28 103 184 308 650 456 1,728
55-59 0 5 27 101 195 3(Y7 204 8Z7
60-64 0 0 5 27 101 174 96 402
65 -69 0 0 0 5 24 86 47 161
70-74 0 0 0.- 0 5 18 25 47
75-79 0 0 0 0 0 5 1 5
80-84 0 0 0 0 .0 0 2 2
85+ 0 0 0 0 0 0 0 0

TOTM.:O 479 2,365 5,006 6,9@3 7,536 7,739 3,129 33,108
wtwismay na beag-Itos= ofindividawmws oreciummduetorounftg
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Table 12: Distributionof Person-Yearsfor Women

by Age and Calendar Period (n = 318)

Cdendar Period

1960 1965 1970 1975 1980 1985 1990

_AE 1964 1969 1974 1979 1984 1989 1991 TOTAL.@

<20 1 9 20 21 12 0 0 63

20-24 9 65 138. 182 139 38 5- 576

25-29 7 39 115 253 337 171 34 955

30.-34 2 19 55 171 376 346 106 1,074

35-39 2 14 .26 St 235 383 160 900

44J- 44 2 5 17 48 136- 243 143 594

45-49 0 2 5 14 70 141 91 332

53-54 0 0 2 8 49 70 43 172

55-59, 0 0 0 3 18 49 19 89

60-64 0 0 0 0 5 19 is 41

65-69 0 0 0 0 0 5 7 12

70-74 0 0 0 0 0 0 0 0

75-79 0 0 0 0 0 0 0 0

80-94 0 0 0 0 0 0 0 0

85+. 0 0 0 0 0. 0- 0 0

TOTAV 22 153 377 790 .1,3771,463 624 4,807

wtdsmay na beeqadtosmn ofindvidugwws orcalmamdw m rouraing
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The distributionof theabsolutenumber of personsatriskby calendarperiodisprovidedin

Table 13 formen and inTable 14 forwomen.

Table 13: Distributionof AbsolitteNumber at Risk by Calendar Period

forMen (n 1,639)

CalendarPeriod Number atRisk

1960-1964 261

1965-1969 778
1970-1974 1,274

1975-1979 1,477

1980-1984 1,545

1985-1999 1,591

1990-1991 (1a)
IWAL 1,639

Table 14: Distribution of Absolute Number at Risk by Calendar Period

for Women (n.z 318)

Calen Pddod Number atRisk

1960-1964 12

1965-1969 55

1970-1974 105

1975-1979 266

1980-1984 284

1985-1989- 306

1990-1991 314

TOTAL 318

Inthetableswhich follow,theobservednumber of deaths,theexpectednumber of deaths,

theobservedtoexpectedratio(Le.,theSUR), and the95% confidenceinuu-.,W(95% Cl)

am shown forspecificcausesofdeath The observednumber ofdeathsfora spectm cause

isthenumber ofdeathsfim thatcausethatoccurredduringthestudytimeperiod.Mw

number of deathsfora specificcause isthenumber ofdeathsthatwould have

occucmd iftheemploye= experiencedthesame cail -specificmortalityratesasobserved

inthecomparison population.The expectednumber ofdeathswas calcubuedby applying

themce-, sex-,age-,and timeperiod-specificratesforthecomparisonpopulationtothe
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number ofpemn-yem offollow-upcontributedby thecohortm=bcrs. 'Me observed

number ofdeathsfora specificcausewas dividedby theexpectednumber of deathsfor

thatcauseand multipliedby 100toobtainthecause-specificSMR. An SMR may be

interpretedasfollows:(1)an SMR of 100 means thattheobservedand exrectednumber

ofdeathswere equal (2)an SMR ku than100 means thatfewerdeathsoccurredthan

expecuxland (3)an SMR greaterdm 100 means more deathsoccurreddm expwte&

mn 95% a fortheSMR providesim indicadm ofthevariabilitymd stuL-XrAsignificance

offt esemwz of tbr.SMR. ne 95% a me= thatthereisa 95% chance dw fficinterval

includesthemm valueoftheSMEL Ifdie95% CE doesnotinclude100,theSMR is
consideredsmosdcallysignificant.
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InTable 15,SHPs formen areprrsentedforselectedcauseofdeathcategoriesforeachof

thethreewhite comparison populations.

Table IS: SelectedCause-SpeciricSMRs for Men

by Comparison Population(n = 1,639)

SMR

(95% CDUfWence Intwig)

CompuLson Population

Observed Alabama
Cause ofDeadi Deaths U.S. Alabama Counties

AllCausesof 'L)eath 70 62.9 54.8 52.0
(49.0,79.5) (42.7,69.3) (40-5.65.7)

AllMalignantNoWlaM13 15 68.4 60.9 59.9

(38.3,112.8) (34.1,100.4) (33.5,98.8)
C=brovascuLw Disc= 1 33.5 27.8 26.5

(0.8,186.8) (0.7,155.2) (0.7.147.5)'
AUHeartDisom 17 59.1 53.2 49.1

(34.4,94.7) (31.0,85.1) (28.6,78.6)
ReVkatoryDiwm 0

(0.0,91.2) (0.0,80.2) (0.0,73.9)
F.xU=ml Causes 25 74.5 59.0 55.0

- (48.2,110.0) (38.2,97.1) (35.6,81.3)

SMP,s basedupon theAW)ama and Alabama countiescomparisonpopulationswem similar

to,butlower dim thosebasedupon theU.S.comparisonpopulation.Since theU.S death

ratesaremcm stablethanthedeathrun fbrthestateaW regionalcompmison populations

and becausetheU.S. commonly isusedasa comparisonpopulationinoccupationalcohort

mortalitysmdies,SMRs basedupon theU.S. comparisonpopulationwillbe presentedin

ft resultswhich follow.SMRs formen and women basedupon theAlabama and

Alabama countiescompanson populationsareprovidedinTables22 through25 inthe

appendices.
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There were 70 deathsamong themen inthiscohorl Using theU.S.as thecomparison

population,SMRs formen areshown inTable 16. The SMks forallcausesofdeath,heart

dise.g,and respiratorydisease(Le.,notunalignantrespiratorydisease)were significantly

lessd= 100. The SMR forallcausesof deathwas 62.9(95% Cl = 49.0,79.5)and the

SMR forheartdiseasewas 59.1(95% Cl - 34.4,94.7).No respiratorydiseasedeaths

occurred,although4 deathswe= expected.

Other defidtsoccurredforallcancerand externalcausesofdeath.The SMR forallcancers

was 68.4(95% Cl - 38.3,112.8).Most of thespwfficcancerSbERs were lessthan100,

exceptfbrcancerof thebladderand otherunnwy organsand cancerofotherlymphaticand

dssm For then two causes,theSMRs wen based on onlyone ortwo

deathsand wem not sudsdcallysiodrmnt Fwaximudcaunsof death,theSMR was

74-5(gs% a - 4s.2,iloo). Len dm the".pectednumber ofdeathswxunvd for

motw vehicleaccidents,suicides,and homicidesand otherext=d causesof death.
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Table 16: Cause-SpeciricSMRs forMen

Usingthe U.S.as Comparison Population(n 1,639)

95%

Obswmd EVected Confidence

Cause ofDeath Deaths Deaths SUR Interval

AllCauses ofDeath 70 111.3 62.9 (49.0,79.5)

AU MalignantNeoplasms 15 21.9 68.4 (38.3,112.8)

CancerofBuccalCavityand 0 0.6 - (0.0,628.2)

Pharynx

CancerofDigestive 1 4.7 21.5 (0.5.120.0)

Orgam and Pwhmcuzii

Cancer ofEsophagus 0 0.5 - (0.0,722.6)

Cancer of Stomach 0 0.7 - (0.0.531.8)

CancerofImp kmntm 1 1.7 60.2 (1.5,.335.3)

Cancer ofRectum 0 0.4 - (0.0,1,003.1)

Cancer ofLaverand BiHary 0 0.4 (0.0.919.1).

Passages

Cancer ofPancreas 0 1.0 (0.0,379.1).

CancerofAllOdwr 0 0.2 (0.0,2M2.9)

DigestiveOrgans

Cancer ofRespiratmy System 7 7.6 91.8 (36.9,189.2)

Cancer ofLarynx .0 0.2 - (0.0,1,529.7)

Cancer ofBronchus, 7 7.3 96.4 (38.7.198.6)

Trachea,and Lung

Cancer ofOther 0 0.1 - (0.0,3,109.0)

Respfiamy Orgam

.CancerofProstut 0 0.5 (0.0,694.6)

Cancer ofTwms and Cthcr 0 0.3 (0.0,1,123.9)

Male Gemud Organs

Cancer ofKidney 0 0.6 - (0-0,592.5)

Cancer ofBladderand Other 1 0.3 341.3 (8.5,1,901.6)

UrinaryOrgans
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Table 16: (Continued)

95%

Observed EVected Confidence
Cause ofDeath Deaths Deaths SNR Interval

CancerofBrun and Other 1 1.2 84.3 (2.1.470.0)
Cenwg Ncrf(jusSystem

Cancerofnyroid and Other 0 0.1 -- (0-0,3,749.2)
EndocrineGlands

Cancer ofBone 0 0.1 - (0.0

'

3,035.4)
CancerofA)!Lympbadc and 3 3.0 101.1 (20.9,295-5)

aclum

Lympboma 0 0.4 (0-0,997.3)
Hodgidn!.eDLw&w 0 0.5 (0.0.804.7)
Lmkemia andAleuk=ia 1 1.2 86.4 (2.2,481.4)
Ca of OdierLympbatic' 2 1.0 203.8 (24.7.736-2)
and :ri TLUW

MaHpant Melanows ofSidn 1 0.9 116.8 (2.9,650.6)
AllOtherMaRgam 1 1.9 52.2 (1.3,290.7)
Neoplasms

DiabetesMaMw 0 1.5 - (0.0,240.2)
CerebrovascularDisease 1 .3.0 3i.5 (0-8,186.8)
AllHeat Disease 17 28.8 59.1 (34.4,94.7)
Hypemnsion 0 0.1 (0.0,2,652.5)

1;tJ@VirOlM ]DiSC4= 0 4.0 (0.0,91.2)

LTI= ofStomachand 0 0.3 (0.0,1,4Or7.9)
Duodenum

CirrhosisofLiver 3 4.1 73.7 (15.2,215.3)
Nephritisand Nephrosis 0 0.4 - (O.G.999.6)
Exuwnal Causes 25 33.5 74.5 (48.2,110.0)

Accidents 19 20.6 92.4 (55.6,1".2)

Motor VehicleAccidem 9 11.8 76.1 (34.8.1".5)
AllOdw Accidents 10 8.8 113.6 (54.5,208.9)

Suicides 4 7.9. 50.8 (13.9.130.1)
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Table 16: (Continued)

95%

Observed E.LTected Confidence

Cause ofDeath Deaths- Deaths SMR Intmal'

Homicides and OtherExternal 2 4.9 40.7 (4.9,147.0)

Causes

ResidualCauses* 7 12.8 54.5 (21.9,112.3)

Unimown Causest 2
0 allothwcames ofdmb combinw
tno deatheadfwm obudned,.hwkdod onlyinallcan= Ltdeathcaiesay

In Table 17,SMRs m povkw fbrwomen, usli@gft U.S. as ft fon_ arisonpopukdm

No causeofdeathhad an SMR significantlydiffewntfrom 100. Them we= 4 deaths

among &nulleemployees and dw allcauseSbO. -.vas62.6(95% a m 17.1,160.4).Of the

4 deathswhich occuned, 3 death were frm externalcauses(S?AR = 213.4,-95% Cl

44.0,623.6).By examining thedeathcatficates.forthespecificcausesof deathand

qmm a mding thedeathsitwas dewnuined it-Atdo excea.martalityamong

femalesdue towmmud can was notwmk-relara One oftheextunalcoil ofdeath

was due tomunic pdsoning and dw othertwo externalcausesofdeathV'A= dw tomotor

vehicleaccidentl
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Table 17: Cause-SpeciricSMRs forWomen

Using the U.S.as ComparisonPopulation(n 318)

95cl,,

Obsuved ExMcled Confidence

Cause ofDeath Deaths Deaths SMR Interval

AU Causes ofDeath 4 6.4 62.6 (17.1,160.4)

AllMalignantNeoplasms 0 2.3 -- (0.0,162.4)

CerebrovascularDisease 1 0.3 376.0 (9.4,2,095.3)

AllFkAntDisease 0 0.9 (0.0,413.1)

Req&atory Disease 0 0.3 - (0-0,1,3".7)

Exu=d Cai-i 3 1.4 213.4 (44.0,623.6)

Acci&nts 2 0.8 247.3 (29.9,893.4)

Motor VehicleAccidents 2 0.6 364.7 (44.1,1,117.6)

AllOdierAccidents 0 0.3 - (0.0.1,4.-L5.3)

Suicides 0 0.4 - (0.0,992.2)

Homicides and OtherExtmmd 1 0.2 449.6 (11.2,2,505.4)

Causes

Tables19 through21 presentSMRs and95% Cls formen by the epartrncnt(s)wcnimd

subgmups.

Bnd-ingswere sirnillformen everemployed inchemicaldepartznent(s)(Table18).A*total

of57 deathswere observedforthew men and theallcauseSMR was significantly

decreased(smR m 7oo; 95% a 53.0,90.6).7be SMR forheartdiseasealsowas

sigaifi=dylessthan100 (SMR 48.9;95% Cl = 24.4,87.4).SMRs and 95% CIs for

allcancerand exmrnd cail ofdeathwerr.76.9(95% a =40.9,131.5)and 90.2(95%

CI 55.1,139.3),respectively.
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Table IS: Cause-SpeciricSMRs for Men

Ever Employed In Chemical Department(s)

Using the U.S. as Comparison Population(n = 1,050)

95%
Obw"ed Expected Confi&noe

Cause ofDeath Death Deaths SMR Interval

AllCausesofDeath (-57@ 81.5 70.0 k"' (53.0,90.6)

AllMahpant NeWla=s 13 16.9 76.9 (40.9,131.5)

Cancerof BuccalCavityand 0 0.5 - (0-0,800.6)

Pharynx

Can= ofDigestive 1 3.6 27.5 (0.7,153.2)

Organs and Perimeum

Cm= ofEsophagmi 0 0.4 - (0-0,913.3)

Cancer of Stmnach 0 0.5 - (0.0.686.1)

CancerofLargehm=w 1 1.3 76.9 (1.9,428.5)

Cancer ofRectum 0 0.3 - (0.0,1,271.9)

CancerofLiverand Bmary 0 0.3 - (0.0,1,198.2)

Passages

Cancer ofPancreas 0 0.8 - (0.0,480.6)

CancerofAllOdur 0 0.1 - (0.0,3,203.2)

DigestiveOrgans

Cancer of RespiratorySystem 7 6.1 115.1 (46.3.237.1)

Cancer ofLarynx 0 0.2 - (0.0,1,891.9)

Cancer of Bronchus, 7 5.8 120.7 (48.5,248.7)

Trachea,and Lung

Cancer ofOther 0 0.1 - (0.0,4,214.1)

RespiratoryOrgans

Cancer of Prostate 0 0.5 - (0.0,805.9)

Cancer ofTestesand Other 0 0.2 - (0.0,1,678.5)
Male GenitalOrgans

Cancer ofKidney 0 0.5 - (0.0,768.2)

Cancer ofBladder and Other 1 0.2 415.5 (10.4,2,315.3)

UrinaryOrgans
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TableIS: (Continued)

95%
Observed Expected Confidence

Cause ofDeath Dmft Deaths SMR Interval

CancerofBrainandOther 1 0.9 117.2 (2.9.653.0)
Cena-alNervous System
Can= ofThyroidandOther 0 0.1 - (0-0,5,113.2)

EndocrineGlands
CancerofBone 0 0.1 (0.0.4,368.3)
Can= ofAU Lympbaticand 2 2.2 92.9 (11.2,335.5)
H=Ivb)POicdcTLUW

Lymphoma 0 0.3 - (0-0,1,341.4)

Hodgic&s Disease 0 0.3 (0.0,1,163.3)
I.zukemiaandAlculamiia 1 0.8 120.0 (3.0,668.8)
CMM= OfOdkCrLymphadc 1 0.7 137.2 (3.4,764.5)

--- -2---- 1"Lsand
MalipantMekwma ofSldn 0 0.6 - (0.6,614.7)
AllOdmwMaEga= 1 1.5 68.9 (1.7.383.7)
Neopla=s

DiabetesMeMm 0 1.1 - (0.0.323.9)

CmtbrovasculaDiwm 1 2.3' 43.4 (1.1,241.7)

AllHean DL-em 11 22.5 48.9. (24.4,87.4)

Hyper=don 0 0.1 - (0-0,3,389.9)

ReVkawryDisem 0 3.2 (0.0,116.3)

Ul= ofStomachand 0 0.2 - (0-0,1,796.3)
Duodenum

CirrhosisOfliver 3 3.0 100.2 (20.7,292.7)
Nephritisand Nephrosis 0 0.3 - (0.0,1,308.2)

Ex=nal Causes 20 22.2 90.2 (55.1,139.3)
Accidents 16 13.6 117.3 (67.0,190.5)

MotorVehicleAcddem 9 7.8 102.8 (44.4,202.5)
AllOd= Accidem 8 5.9 135.7 (58.6,267.-4)

Suicides 3 5.2 57.7 (11.9,168.6)
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Table19: (Continued)

95%

Observed Expec@ Confidence

Cause ofDeath Deaths Deaths SMR Interval

HomicklesandOtherExternal 1 3.2 31.4 (0.8,175.1)

Causes
ResidualCauses* 7 9.0 77.6 (31.2,159.9)

Unknown Causest 2
*aRadw caunsofdeathcombhud
tnodcaihmdffcm obudne4kwhkbdonlyinaRcamesof&*& cmgmy

Mi@r..,,y-two owanrd among men onlyampkrjcdinchemicaldepartment(s)(Tabk

19).The SMR foraU causesofdn& was 72.5and was notsudsdeallysignificant(95%

a -,.49.6,102.4).For he= disc=, theSMR was 53.4(95% a - 21.5,110.1@ Ile all
cancerSMR was 93.6m%a- 42.8,177.8).no obswmd.md expectednumbm of

dlewt..s&e tocxmwlcmm we= o;ftnl+namly&e =me- rawdngin =SUR of9:5.0

(95%a-45.CI74M.-
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Table 19: Cause-SpeciricSMRs forMen

Only Employed in Chemical Department(s)

Using the U.S.as Comparison Population(n 48S)

95%
Obswied Expected Confidence

Cail ofDeath Dcaths Deaths SMR Inuwval

AllCausesofDeath (22J 44.1 72.5- (49.6,102.4)

AllMalignantNeoplasms 9 9.6 93.6 (42.8,177.8)

Can= ofBuccalCavityand 0 0.3 - (0.0,1,396.4)

Pharynx
CancerofDigestive 0 2.1 - (0.0,175.2)

Organs and Peritanemn
Cancer of Esophagus 0 0.2 - (0.0,1,577.7)

Cancerof Swmach 0 0.3 - (0.0,1,195.2)

CancerofLaw hmsdw 0 '0.8 - (0.0.488.5)

CancerofRectum 0 0.2 (0.0,2,175.6)

CancerofLlvw and Bffiwy 0 0.2. (0.0,2,072.6)

Passages

CancerofPancreas 0 0.5 (0.0,827.2)

CancerofAllOther 0. 0.1 (0.0,5,692.4)

DigestiveOrgans

CancerofResphauxy System 5 3.6 141.0 (45.8,329.0)

CancerofLarynx 0.1 - (0.0,3,198.4)

CancerofBronchus, 5 3.4 147.9 (48.0.344.9)

Trachea,and Lung
CancerofOther 0 0.1 - (0.0.7,763.4)

RespftutoryOrgans

CancerofPmstm 0 0.3 - (0.0,1,202.0)

Cancer ofTestesand Odkw 0 0.1 - (0.0,3,501.4)

Male GenirdOrgans
CancerofMdney 0 0.3 - (0.0,1,365.0)

CancerofB? and0dwr 1 0.2 669.9 (16.7,3,732.7)

UrinaryOrgans
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Table19: (Continued)

95%
Ob=vcd ExpecW Confidence

Cause ofDeath Deaths Dwhs SMR Intmal
CancerofBrainand Other 1 0.5 222.6 (5.6,1,240.3)
CentrANervous System

Canceroflbyroidand Other 0 0.0 (0-0,9,544.3)
Endomine Glands

Cancerof Bone 0 0.0 - (0.0,8,697.5)
CancerofAU Lymphaticand 2 1.2 174.0 (21.1,628.7)
Hemau)poictic7U=

Lymphoma 0. 0.2 (0.0,,2,466.1)
Hod&n's Diseaw 0 0.2 -- (0.0,2,346.1)
LeukemiaandAlcuk=ia 1 0.4 226.3 (5.7..1,260.7)
CancerofOtherLymphatic '0.4 249.5 (6.2,1,390.1)
and

Malipanthftlanom ofSidn '0 0.3 (0.1).1,200.4)
AllOtherMaHpmt 0 0.8 (0-0,455.3)
Neoplawns

Diabam MCIHW 0 0.6 (0.0,589.0)-
C=brovascularDiseaw 0 1.3 - (0.0,274.4)
AllHe= Diwm 7 13.1 53.4 (21.5,110.1)
.Rypmtcnsion 0.1 - (0.0,5,834.4)
Rmpiratmy DLsem 0 1.9 (0-0,195.3)
Ul= ofStomachand 0 0.1 - (0.0,3,083.3)
Duodenum

CirrhosisofLiver 1 1.6 62.3 (1.6,347.3)
Nephritisand Nephrosis 0 0.2 -- (0.0,2,346.9)
Exmmal Causes 10 10.5 95..0 (45.6,174.7)

Accklents 9 6.5 139.4 (63.7,264.5)
Nkmr VehicleAcddem 5 3.6 138.0 (44.8,322.0)
AllC)d= Accidents .4 2.9 140.2 (38.2,359.0)

Suicides 1 2.5 40.0 (1.0.223.1)
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Table 19: (Continued)

95%

Observed Expected Confidence

Cause ofDeath Deaths Deaths SMR Interval

Homicidesand OtherExt=al 0 1.5 (0-0,247.4)

f"'Rllse@q

ResidualCauses* 3 4.7 63.4 (13.1.185.3)

Unimown Causest 2
0 aR odw can= of dwh comwwd
t m deoh cmtfimw obminw- incbi&d ady in sH caum of deathcmgmy

T.#,aewae 37 death among men ow amployidinMm 3 (Table20).A

sudsdc&Uy sigwfwantdeficitwas obswied foran cause ofdeathcombined (SMR m 58.6-,

g.,icba= 41.3,80.8).Aldwugh deficitsalsowat seenforheartdisease

(smR = 69.9,-95% a- 33.5.128-5).all-can= (SMR = 52-9-,95%a=19.4,115.2),

ar.tlcxu=d causesofdeath(SMR 62.9;95% a-34.4,105.5).
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Table 20: Cause-SpeciricSMRs for Men

Ever EmployeO.In Film Department(s)

Using the U.S. as CoiL.@,parlsonPopulation (n 1,116)

95%

Obsuved Exrcted Confidence

Cause ofDeath Duiths Deaths SMR Interval

AU Causes ofDeath 3& 63.1 58.6 (41.3,80.8)

AU MalignantNeopla=s 6 11.3 52.9 (19.4,115.2)

CancerofBuccal Cavityand 0 0.3 - (0.0,1,248.9)

Pharynx

CancerofDigestive 1 2.3 .43.1 (1.1,240.0)

Organs and Periwnct=

Cancer ofEsophagus 0 0.3 - (0.0.1,465.1)

Cancer ofSwmach 0 0.4 - (0.0,1,043.7)

CancerofImp btesum 1 0.8 .120.6 (3.0.672.1)

Cancer Of P.Octum 0 0.2 - (0.0,2,040.6)

CancerofLwa andBM" 0 0.2 - (0.0,1,798.6)

Passages

Cancer ofPancreas 0 0.5 - (0.0,767.6)

CancerofAllC>dw 0 0.1 - (0.0,4,625.3)

DigestiveOrgans

Cancer ofRespiratorySystem 2 3.7 54.1 (6.5,195.4)

Cancer ofLarynx 0 0.1 - (0.0,3,253.4)

Cancer of Bronchus, 2 3.5 56.9 (6.9,205.4)

Trachea,andL=g

Cancer ofOther 0 0.1 (0.0,5,537.8)

Resph=y Organs

Cancer ofProsmte 0 0.2 (0.0,1,915.6)

Cancerof Testesand Other 0 0.2 (0.0,1,711.8)

Male Gemml OM=

CancerofKklney .0 0.3 .(0.0,1,137.8)

Cancer ofBladderand Odier 0 0.1 (0.0,2,877.2)

UrinaryOrgans
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Table20: (Continued)

95%
Observed Expected Confidence

Cause ofDeath Deaths Deaths SMR Interval

CancerofBrainand Odw 0 0.7 (0-0,531.1)

Cena-alNervous System

CancerofThyroidand Other 0 0.1 (0.0,6,576.8)

EndocrineGlands

Cancer of Bone 0 6.1 - (0.0.4,865.3)

Cancer ofAU Lymphatic and 1 1.7 58.4 (1.5,325.5)

Mssue

Lymphoma 0 0.2 %0.0,1,785.5)

Hodgidn!s Disease 0 0.3 f4f).O,1,276.9)

L&Wmmia and Akmimmia 0 0.7 - (0.0,545.8)

Cm= ofOdierLymphatic 1 0.5 184.9 (4.6,1,030.0)

and 1-kmiampaiedc7U=

MaHpant MeLmoma ofSidn 1 0.5 191.8 (4.8,1,CS8.9)

AU OtherMaligmmt 1 1.0 .97.6 (2.4.543.7)

Neoplasms

DiabetesMeMm 0 0.9 - (0.0,434.3)

Cerebrovascul&Disc= 1 1.5 66.3 (1.7, 369.6)

AllHe= Disease 10 14.3 69.9 (33.5,128.5)

Hypmlension 0 0.1 (0-0,5,311.6)

P.MkawryDisem
.0

2.0 (0.0,187.3)

Ul= ofStomach and 0 01.1 - (0.0,2,826.0)

Duodenmn

CirrhosisofUver 2 2.3 86.6 (10.5,312.7)

Nephritisand Nephrosis 0 0.2 - (0.0,1,870.8)

Ext=al Causes 14 22.3 62.9 (34.4,105.5)

Accidents 10 13.7 73.2 (35.1,134.6)

MotorVehicleAccWents 4 8.0 50.2 (13.7,128.7)

AJIOdterAccidem 6 5.7 104.6 (38.4,227.6)

Suicides 2 5.2 38.6 __(4.7, 139.4)
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Table 20: (Continued)

95%
Obscived ExpecW Confidence

Cause ofE)caffi Dmths Deaths SMR lnmmal

Hmkww and OtherExtmnal 2 3.3 60.2 (7.3.217.6)
Causes

rResidual -411me 4 7.7 .52.0 (14.2,133.1)
BUodw caum ofdeathcombfind

Elevendenth w=t ObsavcdfOrmn ODIYemPlOYedinfilmdep=cnt(s) (Table21).

TwO sMdsd=Uy sinifwantSMRs o=umdd forthissubgmp. lU 0 cam SM wu

41.4m%a=2o.7, 74.o) &eEd

'

=Mmd cm= SUR wa 37-3 (gs% a m ioz
95-0- Nom@dvmcm-d=eLm wm as6n@ fm a can= (smR 46.9-,9:5%a
5.7. 169-5) and lx-.xt&wme (SMR 96.3;95% a 31.3,224.8).
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Table 21: Cause-SpeciricSMRs forMen
Only Employed in Fii-.nDepartment(s)

Using the U.S.as ComparisoiiPopulation(n S47)

95%
Observed Erpected Confidence

Cause ofDeath Deaths 'Daaths SMR Intmval
A.UCausesofDeath 26.6 41.4 (20.7,74.0)
AU MalignantNeoplasms 2 4.3 46.9 (5.7,169.5)

CancerofBuccalCavityand 0 0.1 - (0.0.3,497.2).
PhwAx
CancerofDigestive 0 0.9 (0.0,438.8)
Organs and Perimneum

Cancer ofEsophagus 0 0.1 (0.0,4,205.1)
CancerOf Stomach 0 0.1 - (0.0.2,802.6)
CancerofLargeTnuad 0 0.3 - (0.0,1,223.0)
CancerofRectum 0 0.1 - (0.0.5.730.7)
Caww ofLiverandBiBuy 0' 0.1 - (0.0.4,808.4)
Passages

Cancer ofP@mcrms 0 0.2 - (0.0,2,170.9)
CancerofAllOdwr 0 0.0 - (0.0.11,962.2)
DigestiveOrgans

CancerofResphwM System 0 1.3 (0.0,294.3)
CancerofLmynx 0 0.0 - (0.0,10,015.1)
CancerofBronchus, 0 1.2 7- (0.0,310.2)
Trachm andLung
CancerofOther 0 0.0 - (0.0,13,379.9)
Respftwmy Organs

Cancer ofProstate 0 0.1 - 0.0,7,688.6)
Cancer ofTestesand Other 0 0.1 - (0.0,3,598.5)
Male GenitalOrgans

CancerofKkbxy 0 0.1 - (0.0,3,050.4)
CancerofBInd andodur 0 0.0 - (0.0,9,158.4)
-Vdnary Organs
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Table 21: (Continued)

95%

Obswved ExpecW Coit-.-idence

Cause ofDeath Deaths Deaths SMR Interval

CancerofBmn and Other 0 0.3 (0.0,1,233.1)

CentralNervous System I
CancerofThyroidand Other 0 0.0 (0.0,15,776.9)
EndocrineGlands

Cancer ofBone 0 0.0 - (0.0,10,720.6)

Cm= ofAU Lymphaticand 1 0.7 137.1 (3.4,763.8)
Hemawpywdcmssw

Lymphoma 0 0.1 - (0.0.4,372.5)

Hod&Ws DLwm 0 0.1 (0.0,2,863.9)

Leukemiaand Akub=ia 0 0.3 - (0-0,1,260.7)

CancerofOtherLymphatic 1 0.2 452.3 (11.3..2,520.4)

and - 1---.-@i* ticlissue

MalignanthlelmxxnaofSidn 1 0.2 427.6' (10.7,2,382.!@)

AllOdierMaHpant 0 0.4 - (0.0,920.0)
Neoplasms

DiabetesMeHitus 0 0.4 (0.0.1,056.3)

CerebrovascaluDisease 0 0.6 - (0.0,642.5)

AUHeartDiscase 5 5.2 96.3 (31.3,224.8)

Hypemnsion 0 0.0 - (0.0,14,566.9)
ReVkatmy Disease 0 0.7 (0-0,509.5)

Uk:erofStomach and 0 0.1 (0.0,7,745.3)

Duodenum

CirrhosisofLiver 0 1.0 (0-0,385.9)

Nephritisand Nepbrosis 0 0.1 - (0.0,4,857.8)

Exu=al Causes 4 10.7 37.3 (10.2,95.6)

Accidents 3 6.6 45.8 (9.5,133.9)
Motor VehicleAccidents 1 3.8 .26.1 (0.7,145.4)

AllOtherAccidents 2 2.7 73.3 (8.9,264.8)

Suicides 0 2.5 - (0-0,147.2)
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Table21: (Continued)

95%

Observed Expected Confidence

Cause ofDeath Deaths Deaths SMR Interval

Homicides and Other External 1 1.6 60.9 (1.5,339.6)

Causes

Discussion

A retrospectivecohortmortalitystudywas conductedofformerand currentemployees who

had wodwd atlem one ymr atthe3M PlantinDm=, Ab"m and atleastoneday after

March 1,1961. V-ml sum was determinedthroughtheand of1991.

Ulle and femaleemplc)ytesbad I= dm theexpectednumber of&aths fi-omallcauses.

Formen, thisd=tm w,-,sstadsticallysignificant.Similarwwts were seenfordw

subgroupsof men defuiedby depa=cnt(s) wodcc& For eachof thesubgroups,the

overallnumber ofdeath was les.,;thanexp=te&

Them were a totalof4 death among w(xnen and 3 ofd= ticathqwere due toexternal

causesresultingina nons-.*gnificanttwo-foldincreaseinris]LFxamination of thedeath

cerdficattsforthosewomen withextemalcausesofdeathrevealedthattheexcessmormuty

was not work-related.

FoUow-upofthecohcxtand ---rninmentofcausesofdeathfordeceasedcohortn2embers

was vhtaallycomplete.V*ml smm was determinedfor1"1 (99.7%)ofd2c1,957cohost
members. Of the74 d=ascd employees.deathcertif@ wereobtainedfor72 (97.3%).

Qualitycontrolmeasuresw= mplownted thmghout thestudytoensurethemmgnty of

thedat& In ad&non, severalcompanson populationswere definedand theresultswe=

compared and found tobe similnr.

3M providedtheinformationusedtoassemblethecohort-Althougheverycffortwas made

toensmr.thatthecohortwas complete,them was no way tD independentlyvaify the

completenessof thecohom inan attempttoassesswhetherthecohortwas complete,3M

was askedtosupplyym-end countsofemployeesatthe3M Dec= Plantforeachyear

duringthesu* period(i.e.,1961 - 1991).raesecountsvA= compared tothecountsof

employ= waddng atthe3M Dw.,Uw PlantinDecember ofeachyearasde=mined from
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thestudydatabase.Tlhecountsfrom thestudydatabasewere nearlythesame as,or usually
Smaterthan,thosempm-ted by 3NL

Recomwndation
itis mmended thatthemortalityexperienceofthisgroupofemployees be updatedin
199& At dw time,theNDI willhavedu& mcordsavaale foran additionalfiveyears,

I Analyns withadditionalyearsoffoUow-L-pand deathswould allow

ofwhetherthemortalityproffleisconsistentovertime.

1. Mush GK PzehdW hE OCMAP.- A ledact--upmdwnlcohortmor"w
analysisprogmm Amer Stat190,34:245.

2. Monson RR. Analysu ofrel=ve surwvalandpr%lccaonalmortality.Comput Biomed
Res 1974;7:325-332.
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ft studydatabase.The countsfromthestudydatabasewerenearlythesame as,or usually

greaterthan,thosereportedby 31VL

Recommendadon
Itisrecommended thatthemortalityexperienceofthisgroupof employees be updatedin
1999.At dw time,theNDI willhavedeathrecordsavailableforan additionalfiveyears,

199 .Analyseswithadditionalyearsoffouow-r-pand deathswould allow

whetherthemm-talityprofileisconsistentovertime.

1. Mush OKPsehdWK OOAAP.- A O=Upadwjllcohortmortahw
analysisprogram AinerStat198&,34:245.

2. Monson RR. Andysis ofrelativesurvivalandprottcdonalmortality.Comput Bwmed

Res 1974,-7:325-332.

C^m of
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Anipendicr.s

Table22: Cause-SpeciricSMPs forMen
UsingAlabamaas ComparisonPopulation(n 1,639)

95%

Obsw.vd Expected ConELdence

Cai-iofDeath Deaths Deaths SMR interval

AU CausesofDeath 70 127.7 54.8 (42.7,69.3)

AU MaUpwt Neopla=s is 24.6 60.9 (34.1,100.4)

Cancerof BuccalCavityand 0 0.6 - (0.0,649.5)
Pharynx

CancerofDipsdve 1 4.3 23.1 (0.6.128.8)

OrgansandPahoncim
Cancer ofEsophagus 0 0.5 - (0.0,810.9)

CancerofSu)mach 0 0.6 (0.0.662.4)

CancerofImp bmsum 1 .1.6 63.9 (1.6,355.5)

CencerofPi== 0 0.3 - (0.0.1,290.0)

Cui= ofIivw andBMM 0 0.5 (0.0, 779.

Passages
Cancer ofPancreas 0 1.0 (0.0,381.1)

CancerofAllOther 0 0.1 (0.0,2,904.8)

DigestiveOrgans

CancerofRespkatorySyftm 7 9.9 70.9 (28.5,146.1)

CancerofLmym 0 0.2 - (0.0,1,651.8)

CancerofBron&us, 7 9.5 73.4 (29.5,15'1.3)

Tractma,and Lung

Cancer OfOther 0 0.1 - (0.0,3,160.3)

RespkatoryOrgans

Cancer ofProstate 0 0.5 - (0.0,728.3)

CancerofTes= and Other 0 0.3 - (0.0,1,309.1)

Male CmnitalOrpm

CancerofKklwy 0 0.6 - (0.0,657.5)

Cancerof Bladderand Other 1 0.2 419.9 (10.5,2,339.6)

Udnary Orgms
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Table22: (Continued)

95%
C)bservedExpecW Confidence

Cause ofDeath Deaths Deaft SMR Interval

CancerofBrainand Other 1 1.4 70.7 (1.8.393.8)
CenaW Nervous System
Cancerofnyroid and Other 0 0.1 -- (0.0.3,017.6)
EndocrineGlands

Cancerof Bone 0 0.1 - (0.0,3,406.6)
Can= ofAilLymphaticand 3 2.9 104.4 (21.59'305.0)
Hemampoicticl-mm

Lymphoma 0 0.4 - (0.0,987.9)
HodgidWsDisease 0 0.4 - (0.0,1,018.5)
LoukmmiaandAlmk=k 1 1.2 84.6 (2.1,471.6)
CancerofOtherLymphatic. 2 1.0 2o8.7 (25.3,.754.0).
and. IIi..@-*-ticMssm

Malign=Mcbnoma ofSidn 1 1,1 95.2 (2.4.530.3)
AHOderMaHgn= 1 2.6 38.9 (1.0.216.7)
Neoplasms

DiabetesMCM= 0 1.4 - (0.0.259.0)
CerebrovasculuDiwm 1 3.6 27.8 (0.7,155.2)
AllHe= Disease 17 32.0 (537.@:) (31.0,85.1)
Hypemnsion 0 0.2 (0.0.2,007.5)

(0.0,80.2)RcsphatmyDisem 0... 4.6

Ul= ofStmach and 0 0.3 - (0.0,1Z6.6)
Duodenum

Cin-hosisofLiver 3 -3.4 88.9 (18.3,259.7)

Nephritisand Nepbrosis 0 0.4 - (0.0.917.2)
Extmmal Causes 25 42.4 59.0 (38.2,87.1)

Accidents 19 28.2 (40.5,io5.1)
Motor VehicleAccidents 9 17.1 52.7 (24.1,100.0)
AllOtherAccidem 10 11.2 89.3 (42-8.164.2)

Suicides 4 7.8 51.3 (14.0,131.5)
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Table22: (Continued)

95%

Observed Expected Confidence

Cause ofDeath Deaths Deaths SMR interval

icitiesand Odw Exterad 2 6.1 32.6 (3.9,117.9)

causes
Reddual Causes* 7 13.8 50.6 (20.3,104.2)

UWmown Cauwst 2
aRothwc@ ofdeadicombimd
nodm* mffmo obtdo4 bcb*d adyinanam= ofdea*MOM



Table 23: Cause-SpeciricSNM for Women

Using Alabama as Comparison Population(n 318)

95%
ObservedExpected Confidence

Cause ofDeath Deaths Deaths SMR Interval

AU Cats:sofDeath 4 6.7 59.9 (16.3.153.4)

AU Maligam Neopk=s 0 2.3 - (0.0.162.5)

CatbrovasculwDisc= 1 0.3 357.1 (8.9111989.6)

AII.HanDiwAm 0 1.0 (0.0,372.0)
RopirarxyDisease 0 0.3 (0.0.1,391.2)

Examal Cailses 3 1.7 179.5 (37.0.524.7)

Acckkmts 2 1.1 185.8 (22.5,671.2)
M4%w VehicleAccidents 2 0.8 251.1 (30.4,907.2)

A.1;OdwrAccidents 0 0.3 - (0.0,1,323.4).

Suiddes 0 0.3 - (0.0.11096.1)

HomicidesWAIOdiaExtmd 1 0.3 392.8 (9.8,2,188.8).

Can=

45



",.I

Table 24: Cause-SpecificSMRs for Men

Using the Alabama Countiesas_Comparison Population (n 1,639)

95%

Ob=vod E%Wcted Confidence
Cause ofDeath Deaths Deaths SMR Intmal

AllCausesofDeath 70 134.7 52.0 (40.5.65.7)
AIIAWpmt Neopla=s 15 25.1 59.9 (33.5,98.8)

CancerofBuccal Cavityand 0 0.5 - (0-0,822.6)
Pharynx

Can ofDigestive 1 4.2 23.7 (0.6,132.3)
Orpns andPeritanom

CancerofEsophaps 0 0.4 - (0.0.1,048.0)
Cancer of Sunnach 0 0.5 - (0.0.679.5)
CancerofLarge kestm 1 1.5 64.8 (1.6. 361.3)
Cancer ofRectum 0 0.3 - (0.0,1,491.0)

Can= ofIiva andBffiuy 0 0.5 (0-0,721.6)
Passages

Cancer ofPancreas 0 1.0 (0.0,374.gy
CancerofAllOther 0 0.1 - (0.0,2,730.1)
DigestiveOrgans

Cancer'ofRespiratorySystem 7 10.2 69.0 (27.7,142.1)

Cancer OfLarynx 1 0 0.2 - (0.0,1,623.4)
Cancer ofBronchus, 7 9.8 71.3 (28.7,146.9)

T=hm andLung

Can= ofOther 0 0.1 - (0.0,3,491.0)
RespirawryOrgm

CancerofProsmm 0 0.5 (0-0,711.6)
Cancer ofTesms and Other 0 0.3 (0.0.1,409.3)
MaleGenitalOrpns

Cancer ofKidney 0 0.6 - (0.0,671.1)
Ca ofBladderand Other 1 0.3 358.7 (9.0,1,998.9)
UrinaryOM=
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Table 24: (Continue-d)

95%

Observed EVected Coatdence

Cause ofDeath Deaths Deaths SMR Interval

Cancer of Brainand Other 1 1.3 78.0 (2.0,434.7)

Cena-dlNervousSys=

CanceroflbyroidandOther 0 0.1 -- (0.0,2,981.2)

Endoaine Glands

Can= ofBobe 0 0.1 - (0.0,2,711.5)

CancerofAllLymphatic and 3 2.9 102.8 (21-2.300.5)

Lymphoma 0 0.3 - (0.0,1,194.5)

Hodgides Disc= 0 0.4 - (0.0,.'#,021.6)

Izulmmia and Aleukmnia 1 1.2 81.6 (2.0,454.9)

Ca of OtherLymphatic 2 1.0 195.5 (23.7.706.1)

and 7LSM

MaHpmt Mcknoma ofSUn 1 1.0 100.4 (2.5,559.5)

AllOder Mafigaant 1 3.0 33.0 (0.8,183.9)
Neoplasms

DiabetesMenitus 0 1.3 - (0.0,275.4)

CcmbmvascularDimm 1 3.8 26.5 (0.7,147.5).

AllHe= Dim= 17. 34.6 49.1 (28.6,78.6)

HypmimWon 0 0.1 - (0.0.2,762.4)

unwry Disem 0 5.0 (0.0,73.9)

Uk:crofSt=ach and 0 0.3 (0.0,1,212.4)

Duodenum

CSrrhosisofUver 3 3.2 92.8 (19.2,271.3)

Nephntisand Nephrosis 0 0.4 - (0.0,925.1)

Ex=ng Causes 25 45.4 55.0 (35.6,81.3)'

Accidem 19 31.2 60.9 (36.7,95.1)

Motor VeWde Acd&nts 9 19.4 46.5 (21.2,88.2)

AJIOdierAccidem 10 11.9 84.2 (40.4,154.8)

Suicides 4 7.5 53.3 (14.5,-136.5)
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Table24: (Continued)

95%
Obsuved Expwtod Confidence

Cause ofDeath Deaths Deaths SMR Intmal

HomicidesandOtherExtmiW 2 6.5 30.9 (3.7,111.8)

Causes
ResidualCauses* 7 14.4 48.7 (19.6,100.4)

Unknown Causest 2
ataR odw emna of death combined
t no death cutdcam abuinect inchwed ady in aU causes of death cmm

Tabl-.-25: Caun-Spedfle ShM forWomen
Using Alabama Coundes as C2=arlson Population(n 318)

95%
Observed'EVected Cznfd=m

Cmil ofDeath Deaths SMR lnmrval

AllCausesofDeath -4 6.8 58.6 (16.0.150.1)

An Maligna@tNoqgasms 0 2'3 - (0.0.162.4)

CerebrovascdwDisem 1 0.3 320.2 (8.0,1,784.0)

ABHeartDiscam 0 1.1 - (0.0.343.9)

Disease 0 0.3 - (0.0,1,381.0)

Extmnd Causes 3 1.7 172.1 (35.5,502.9)
Accklents 2 1.2 173.1 (20.9,625.3)

Momr Vehide Acddents 2 0.9 230.5 (Z7.9.832.6)
AllOtherAcddents 0 0.3 - (0.0,1,289.2)

Suicides 0 0.3. - (0.0,1,142.5)
HomicidesandOtherExt=d 1 0.3 382.1 (9.6,2,129.3)

Causes
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CorporateHealthPhysics 3M Center,220-2E-02

CorporateOccupationalMedicine PO Box 33220
CorporateProductResponsibilitySt.Paul,MN 55133-3220

CorporateToxicology 6517331110

3M MedicalDepartment

DeterminationofSerumFluorochemicalLevelsinSumitomo3M Employees

Ninety-fourSumitomo3M employeesparticipatedinavoluntary,cross-sectionalserum

fluorochemicalassessment.Three groups of employees were examined. Sagamihara

Plantproductionemployees (n= 32)were involvedintheinspectionand convertingof

finishedgoods. Sagamihara Plantmanagement employees (n= 32) were involvedin

primarilynon-productionwork activities.Tokyo Head Officeemployees(n= 32) are

generallynotoccupationally-exposedtofluorochemicals.Allbuttwo ofthe94

participantswere mate employees. Among the Sagamihara Plantproductionemployees,

thehighestserum perfluorooctanesulfonate(PFOS), perfluorooctanoate(PFOA) and

perfluorohexanesulfonate(PFHS) levelswere 0.628ppm, 3.6ppm and 0.117 ppm,

respectively.Serum levelsfortheSagamihara PlantManagement and Tokyo Head

Officewere,on average,under0.01ppm (PFOS), 0.03ppb (PFOA) and 0.025ppm

(PFHS)Serum levelsof PFOS forSaganiiharaPlantmanagement and Tokyo Head Office

employees were similarto levelsseen ina smallgroup ofUS 3M Center employees who

were not occupationallyexposed toPFOS. Serum PFOS levelsof Sagamihara Plant

productionemployees were below thoseofworkers atthe3M Antwerp and Decatur

plants.
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PROTOCOL FOR SERUM FLUOROCHEMICAL DETERMINATION
IN 3M SUMITOMO EMPLOYEES

ABSTRACT

3M manufactures productswhich containchemicalcompounds, eitherasintentional

components or residualimpurities,thathave asa parentmolecule,perfluorooctane

sulfonylfluoride(POSF).Thesecompounds may be expectedtotransformmetabolically,

toan undetermined degree,toPFOS asan end-stagemetabolite.Another compound

manufactured by 3M includesammonium perfluorooctanoate(PFOA).These molecules

entera number ofproduct applications(eg.,surfactants,food packaging additives,

polymers).

3M Sumitomo inJapan processesmany of thesecompounds intoproducts for

distributionand sale.Fluorochemicalapplicationsare alsoinvestigatedin 3M

Sumitomo laboratories.

The purpose ofthisstudyistomeasure serum fluorochemicallevelsinselected

employees ofthe 3M Sumitomo population.The specificfluorochemicalstobe

measured includeperfluorooctanoicacid(PFOA) and perfluorooctanesulfonate(PFOS).



RESEARCH METHODS

Approximately 110 employees willbe invitedtoparticipateinthisnon-randomized

cross-sectionalstudy;allsubjectsare volunteers.Thirtyindividualsare involvedin the

processingand formulationvariousforms ofpure fluorochemicalsintofinished

productsfordistributionthroughoutAsia.Approximately20 individualsareactively

involvedinlaboratoryfluorochemicalresearch.Approximately60 managerial

employees,considerednon-occupationallyexposed tofluorochemicals,willalsobe

invitedtoparticipate.

Informationconcerning respondents'age,gender,and occupationwillbe obtained

from 3M Sumitomo Human Resourcesforreview with theserum fluorochemical

results.

The studydurationwillbe appr-oximatelythrreweeks.Writteninforznedconsentwill

be obtainedfrom allstudysubjectsinJapanese (Appendix A).Each subjectwillbe

involvedforabout 15 - 20 minutesand willdonatetwo lO mL bloodsample.Should

any emvlovee com cationsariseasa consequence ofphlebotomy,physiciansPli

associatedwith 3M Sumitomo willtreatthem. .

Once the bloodsamples are obtained,theywillbe frozenindry iceand sentby 3M

Center inSaintPaul viaFederalExpress.At the 3M CenterMedical Clinic,serum wfll

be separatedby centrifugationand senttothe 3M EnvironmentalLaboratoryfor

analysis.Standard electrosprayHPLC MS/MS willbe used todeterminethe

fluorochemicalcontentofallserum samples.Serum willbe analyzedforthe presence

and amount of PFOA and PFOS. Resultswillbe reportedtothePrincipalInvestigatorin

partsperbillion(ppb).The PrincipalInvestigatorwillinfonn 3M Sumitomo employees



oftheirFFOSandFFOAlevelsafterresultsandabriefexplanationarebetranslatedinto

Japanese.

The PrincipalInvestigatorwillforwardtheresultstotheappropriateCo-investigator

forstatisticalanalysis.Descriptivestatisticsperformed willincludegroup mean

fluorochemicalleveland standarddeviationofthemean, and rangeofserum

fluorochemicallevels.CozTelationand regr-essionanalyseswillbe performed utilizing

informationobtainedconcerningage,gender,and occupation.

RESULTS

A fornutlreportoftheresearchfindings,includingdataanalysis,willbe submittedto

the3M MedicalDirectorand InstitutionalReview Board attheconclusionofthestudy.

The protocolwfflbe amended onlywithapprovalofthe3M InstitutionalReview Board.



AFPENL)IXA - CONSENT FORM

CONSEN'RFOIL%4FOR COLLECTION OF BLOOD FOR SERUM FIUOROCHEMICA
LEVEL DFTERMINATION

INTROL)UCTION
You and your colleaguesare involvedinfluorochemicalproduction,research,or
management at3M Sumitomo. You are invitedtoparticipateina researchstudybeing
conducted by 3M CorporateOccupationalMedicine regardingfluorochemicals.Your
participationwould involvedonatingtwo red-toppedtesttubesofblood.Your blood
willonly be testedfortheamount PFOA, PFOS, and itsprecursorsitcontains;itwillnot
be used to testforany other substancesor disease.Pleasereview thisconsent form
carefullyand be sureyour questionsare answered beforeyou make a decisionto
participate.A 3M Sumitomo representativewillbe availabletoprovideyou with
additionalinformationatthetime ofyour blooddonation.

PURPOSE OF STUDY
The purpose ofthe studyistodeterminethepresenceand amount ofperfluorooctanoic
acid(PFOA),perfluorooctanesulfonate,and itsprecursorsinyour serum.

STUDY PROCEDURES
Your blood willbe drawn with one needlestickand requiretwo testtubes.Illiswillbe
a one-timeblood donation.

POTENTIAL RISKS/BENEFrrS
The risksofvenipunctureincludepainon needleinsertion,bleedingunder the skin,
discolorationfrom bleedingunder thesldn,and discomfortfrom blood clotfir@g
(hematoma) ifbleedingunder thesidnoccurs.

BENEFITS
There willbe no directbenefitfrom your participationinthisstudy.However, the
informationgained from thisstudywillfurtherhelp us understandhuman exposuresto
fluorochemicals.Your individualresultsaswellastheoveraffresultswfflbe
communicated toyou only. Your individualresultswillbe consideredconfidential
inforznationand wfllnot be disclosedtoanyone outsidethe 3M Medical Department
withoutyour wtittenconsent.

COMPENSANON
No financialcompensation willbe forthcomingasa resultofparticipatinginthisstudy.
Ifyou sufferinjuryor a medicalcondition'thatappears tobe the resultofparticipating
inthisstudy,you willbe refertedtoanotherhealthcareprofessionalatno costtoyou.
Inthe eventofa researchrelatedinjury,compensation willbe determined on a caseby
case basisby 3M.



CONFIDENTIALITY
The overallresultscollectedin thisstudymay be used in publicationsor public
presentation.Your name willnotbe revealedinany publicationor otherdocuments
intendedforpublicationexamination.Your individualresultswillbe communicated to
you only.Your individualresultswillbe consideredconfidentialinformationand will
not be disclosedtoanyone outsidethe3M Medical Department without your written
consent.

SUB-IJECTRIGHTS/AVAILABILnY OF INFORMATION
Ifyou have any questionsabout thestudynow, or later,or inthe eventofa research
relatedinjuryor emergency, contactDr.JeffreyMandel (651-733-8670) orjean
Burris,R.N.(651-737-7867). Foranswers toquestionsaboutyour rightsinregardto
thisresear-ch,you may contactDr. LarryZobel,Chair,3M InstitutionalReview Board at
651-733-5181.

VOLUNTARY PARnCIPAnON AND WRMDRAWAL

Participationinthisstudyisvoluntary.Refusaltoparticipatewillinvolveno penaltyof
lossofbenefitstowhich you areotherwiseentitled.You arefreetorefusetoparticipate
forany reason.The investigatormay stopyour participationinthisstudyshould itbe
determined thatcontinuedparticipationmay be detrimentaltoyour health.

SUBJECT CONSENT

By signingtheconsent form,IcertifythatIam atleast18yearsold.Iconfn-rnthatI
have read thisconsent forzn,and thatIhave been given adequate opportunitytoask
any questionsImay have aboutthisconsentform orthestudy.Ialsoconfm thatI
understandthescope ofmy participationinthisstudy,and thataflofmy questions
have been answerrd tomy satisfaction.Iam sign@ thisconsentform voluntarily,and
Idesiretoparticipateinthe study.IunderstandthatIwillreceivea copy ofthissigned
consent fonn. Iunderstand thatIwillnotreceiveany financialcompensation for
participatinginthisstudy.

Signature Date

PrintedName

Witness



FinalReport
Epidendology,220-3W-05

MedicalDepartment
3M Company

St.Paul,MN 55144

Date: September 3, 1999

Title:DeterminationofSerum FluorochemicalLevelsinSumitomo 3M Employees

Study StartDate:March, 1999

IRB Approval Date:January 20, 1999

PrincipalInvestigator: Jean Burris,RN, NTH'

Co-Investigators: Geary W. Olsen,DVM, PhD'
JeffreyH. Mandel,MD, NVH'
John C. Schumpert,MD, NTH'

StudyDirector: JeffreyH. Mandel MD, NDH

Study Sponsor. 3M Medical Department
3M Company
220-3W-05
St.Paul,MN 55144

1. OccupationalMedicine,MedicalDepartment,3M Company, 220-3W-05, St.Paul,
MN 55114



Introduction

3M manufacturesproducts,whichcontainchemicalcompounds,eitherasintentional

components or as manufacturingresiduals,which, have as a parentmolecule,

perfluorooctanesulfonylfluoride(POSF). These compounds may be expectedto

transformmetabolically,to an undetermineddegree,toPFOS as an end-stagemetabolite.

Another compound manufacturedby 3M includesammonium perfluorooctanoate

(POAA). These compounds entera number ofproductapplications(e.g.,surfactants,

polymers,and food packagingadditives).

Sumitomo 3M inJapan processesmany of thesecompounds intoproductssuch as fire

protectionproductsand surfaceprotectionproductsfordistributionand sale.Other

potentialfluorochemicalapplicationsarealsoinvestigatedinSumitomo 3M laboratories.

Purpose

The purpose of thisinvestigationwas toestimatepotentialfluorochemicalexposureto

Sumitomo 3M employees, usingtheserum component of blood as an exposure measure.

Methods

94 Sumitomo 3M employees participatedina voluntary,cross-sectional,fluorochemical

serum measurement. Itisassumed thatserum fluorochemicalsmeasured represent

occupationalexposures,althoughwe have notincludedfluor-ochemicalairmeasurements

from the Sagamihara plantin thisassessment.Employees ranged inage from 31-67.

These employees came from threejob exposuregroups as describedin apersonal

communication with S.Yamana. These groupswere definedas:Sagamihara Plant

productionemployees (n=32)involvedintheinspectionand convertingoffinished

goods. These workers were alsoinvolvedwithcompounding, usingchemicalsmade

from POSF, and formulationofproductscontainingadditionalfluorochemicals.The

nextgroup includedSagamihara Plantmanagement employees (n=32) working primarily

atthesame siteas theSagantiharaPlantproductionemployees. There was no regular

handlingoffluorochemicalsintheirusualwork capacities.The lastgroup included

management employees from theTokyo Head Officewho aregenerallynot



occupationallyexposed tofluorochemicals(n=30). Allbuttwo ofthe94 participants

were male employees.

Each studyparticipantdonated two 10 cc tubesof blood. Blood was collectedbetween

March 17 and 19, 1999. The blood was centrifugedtwicefor15 minutes at3000 RPM

immediatelyafterdrawing to obtainserum. The serum was shippedfrozentothe3M

Medical Clinicin St.Paul,Minnesota where itwas distributedtotheappropriate

laboratoriesforanalysis.Following analyses,individualswere notifiedoftheirresultsby

confidentialletter.

Laboratory Analysis

Individualserum was analyzedforsevenfluorochemicalcompounds usinghigh-pressure

liquidchromatography electrospraytandem mass spectrometrymeasurement

(LC/MS/MS). NorthwestBioanalytical(NWB) SaltLake City,Utah analyzedfiveofthe

fluorochemicalcompounds. They analyzedtheserum forperfluorooctanesulfonate

(PFOS), perfluorooctanesulfonamide(PFOSA), n-ethylperfluomoctanesulfonamido

acetate(PFOSAA), perfluorooctanoate(POAA), and perfluorohexanesulfonate(PFHS).

NWB conductsallstudieswithintheguidelinesoftheUS FDA Good Laboratory

Practice,theOECD Principlesof Good LaboratoryPracticeand theJapaneseNTHW

Good LaboratoryPracticeStandardOrdinance forNonclinicalLaboratoryStudieson the

Safetyof Drugs (OrdinanceNo. 21,PAB NotificationNo. 424).The 3M Environmental

Technology and ServicesLaboratoryanalyzedtheserum forperfluorooctanesulfonamido

acetate(M556) and n-methylperfluorooctanesulfonamidoacetate(M570).

Northwest Bioanalytical'svalidatedLC/MS/MS provideda lowerlimitofquantitation

(LLOQ) inpartspermillion(ppm) of0.0314(PFOS),0.001(PFOSA), 0.00223

(PFOSAA), 0.00527 (POAA), and0.00261(@FHS).

3M EnvironmentalTechnology & ServicesLaboratoryprovideda lower limitof

quantitation(LLOQ) inpartspermillion(ppm) forM556 thatrangedfrom 0.01-0.025

ppm, and M570 thatranged from 0.01-0.05ppm.



Data Analysis

Data were analyzedusingstandardstatisticalsoftwareprograms. Comparisons of

arithmeticmeans was done usingstudent'sttest.A statisticallysignificantdifferencein

one of themeans was setatp = .05or less.

Results

PFOS

Table I summarizes theserum PFOS, POAA and PFHS valuesfortheSumitomo 3M

employees.Twenty-four PFOS valueswere reportedbelow thelower limitof quantitation

(0.0314ppm). Twelve (38%) of32 Sagamihara plantmanagement employees had values

lessthanthelowerlimitofquantitation(<LJ-OQ). The rangeofPFOS fortheremaining

20 employees inthisgroup was 0.032-0.057ppm. Descriptivestatisticsand t-testswere

calculatedusingtheLLOQ value(0.0314ppm) forthoseindividualswho had values

below theLLOQ

Fortypercentof theTokyo Head Officeemployees had PFOS values<LLOQ. The range

of measurable PFOS was 0.033-0.0967ppm fortheremainingemployees. The

remainingstatisticswere calculatedusingtheLLOQ value(0.0314ppm). PFOS was

quantifiablein all32 Sagamihara Productionemployees. The arithmeticmean valuewas

0.135ppm (range:0.0475-0.628ppm) which was significantlydifferent(p<0.05)thanthe

mean PFOS valueforemployees inboth theTokyo Head Officeand Sagamihara Plant

managers group.

POAA

As per Table I thelower limitofquantitationforPOAA was 0.00527 ppm. Three ofthe

94 employees had a POAA valuereportedlessthanthelower limitof quantitation.One

of theseemployees was from theSagamihar@Plant management and two were from the

Tokyo Head Office.The midpointbetween zeroand theLLOQ was utilizedin

calculatingthestatisticsforPOAA. The mean POAA valuefortheSagamihara

Productionemployees was 0.201ppm thatwas significantlydifferent(p<0.05)thanthe

mean POAA valuesfortheTokyo Head Officeand Sagamihara Plantmanagers group.



PFHS

As perTable I fourteenpercentof employees had PFHS valuesreported<LLOQ

(0.00261ppm). Ten were employees from theSagamihara plantmanagement group and

threewere from theTokyo Head Office.The midpointbetween zeroand theLLOQ

(0.0013ppm) was utilizedtocalculatetheunivariatestatisticsfortheSagamihara plant

management group. The arithmeticmean valueforthisgroup was 0.00626 ppm with a

rangeof0.0027-0.0241ppm. Again,thearithmeticmean PFHS (0.020ppm) forthe

Sagamihara Productionemployees was significantlydifferentthantheotherexposure

groups(p<0.05).

PFOSAA,PFOSA

We chose notto statisticallyanalyzePFOSAA and PFOSA because of thelargenumber

of employees who had serum valuesreportedbelow thelower limitof quantitation.

Eighty-fourpercentof allSumitomo 3M employees had PFOSAA valuesreportedbelow

thelower limitof quantitation(0.00223ppm). Fifteenof 94 employees had a PFOSAA

valuereportedbetween 0.00247 and 0.0133ppm.

The lower lin-dtof quantitationforPFOSA is0.001 ppm. Four of the94 employees had a

detectablelevelof PFOSA. These valuesranged from 0.00241-0.0068ppm.

M556, M570

We chose notto statisticallyanalyzeM556 and M570 because of thelargenumber of

employees who had serum valuesreportedbelow thelower limitofquantitation.Only

one Sumitomo 3M employee had a quantifiablelevelofM556 (0.0032ppm).

Ninety-threepercentof allemployees had M570 valuesreportedbelow thelower limitof

quantitation.The average M570 valuefortheseven employees withquantifiablelevels

of M570 was 0.007 ppm. The range was 0.00311-0.0144ppm.



Discussion

Ninety-fourSumitomo3M employeesparticipatedina voluntary,cross-sectionalserum

fluorochemicalassessment.Thirty-twoemployees were identifiedasSagamihara Plant

productionemployees involvedintheinspectionandconvertingof finishedgoods,doing

some compounding, usingchemicalsmade from POSF, anddoing some formulationof

productscontainingotherfluorochemicals.Thirty-twoemployeeswere describedas

Sagamihara Plantmanagement employees who work primarilyatthesame siteasthe

SagamiharaPlantproductionemployees.Finally,30 management employees from the

Tokyo Head Officewho arenotusuallyexposedtomanufacturedfluorochemicals

participatedintheassessment.

Employees describedashavingthehighestexposuretoPOSF chemistryhad PFOS levels

threetimeshigherthanemployees inboth theSagamiharaplantmanagement group and

theTokyo Head Office.The mean serum PFOS levelforplantproductionemployees

was 0.135 ppm (range:0.0475-0.628ppm) compared tomean PFOS valuesof0.0403

ppm (range:0.0319-0.0566ppm) forSagamiharaPlantmanagement employees and mean

PFOS of0.0523ppm (range0.033-0.0967ppm) forTokyo Head Officeemployees.

Serum fluorochemicallevelsinSumitomo 3M employees canbe compared toserum

levelsr-ecentlymeasured in3M employees occupationaflyexposedtofluorochemicalsin

facilitiesoutsideofJapan(Table2). Serum fluorochemicallevelswere measuredin

employees at3M DecaturAlabama aspartofan on goingmedicalmonitoringprogram in

1997. Since 1980 theDecaturplantistheprimarylocationoftheproductionofcertain

fluorochen-iicalsthatmay ultimatelybe measured intheserum asPFOS. Arithmetic

mean serum PFOS levelsin1997 were 1.96ppm (range0.10-9.93ppm).I Outsidethe

UnitedStates3M manufacturesPFOS relatedmaterialsatitsAntwerp,Belgium facility.

Arithmeticmean serum PFOS levelsinAntwerp employeesin1997 were 1.5ppm

(range:0.1-4.8ppm).

In 199.831 3M Centeremployees inSt.Paul,Minnesotawere testedforserum PFOS.

Allwere corporatestaffordivisionmanagers. None had worked influorochemical



production.Employees rangedinagefrom 37-62 years.Arithmeticmean PFOS was

0.047ppm (range:0.028-0.096ppm). Both thearithmeticmean and rangeforthisgroup

aresimilartothearithmeticmean and rangePFOS oftheSagamiharaPlantmanagement

(mean--0.0403;range--0.0319-0.0566)and Tokyo Head Office(mean--0.0523;

range--0.033-0.0967).

Conclusion

Ninety-fourSumitomo 3M employeesparticipatedina voluntary,cross-sectionalserum

fluorochemicalassessment.Serum levelswere highestforSagan-iiharaProduction

employees. This isthesame group where thereispotentialforgreateroccupational

fluorochemicalexposure,althoughindustrialhygienemeasurements were notpartofthis

assessment.Serum levelsofPFOS forSagamihara Plantmanagement and Tokyo Head

Officeemployees were similartolevelsseenina smallgroup ofUS 3M Center

employees who were notoccupationallyexposedtoPFOS. PFOS levelsarewellbelow

levelsfound inworkersatplantsiteswhere POSF chemistriesareproduced (Decatur,

Antwerp). None oftheselevelswould be expectedtobe associatedwithhealthproblems

based on our currentunderstandingofthesecompounds.



Table I

Serum FluorochemicalLevelsinSumitomo 3M Employees

PFOS (ppm) POAA (ppm) PFHS (ppm)
LLOQ=0.0314 LLOQ--0.00527, LLOQ=0.00261

SaganiiharaPlant Mean 0.135 0.201 0.020
Production Employees Median 0.0919 0.0496 0.010
N=32 StdDev 0.131 0.6265 0.0283

Range 0.0475-0.628 0.0189-3.600 0.00287-0.117
Sagandham Plant -Mean 0.0403 0.0117 0.00626
Management Median 0.0385 0.0096 0.0047
N=32 StdDev 0.0071 0.0091r% 0.0054

Range 0.0319-0.0566 0.00264-0.059 0.0027-0.0241
Tokyo Head OMce Mean 0.0523 0.0126 0.0048
N=30 Median 0.046 0.01195 0.0038

StdDev 0.0191 10.00618 10.003
Range 0.033-0.0967 0.00264-0.029 10.0013-0-016

Table 2

Mean Serum PFOS Leveh

3M Center Decatur Antwerp Saganiihara Saganiihara Tokyo Head
1998 1997 1997 Production PlantMgmt Office
N=31 N=84 N=65 N=32 N=32 N=30

Mean PFOS 0.047 1.96 1.48 0.135 0.0403 0.0523
(ppm)
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AnalysisofSelectedDecaturEmployee Serum forSulfonicand Carboxylic
]Fluorochemicals

This3M technicalreportanalyzedthe5 highestorganicfluorinecontainingDecatur

employee samplesand analyzedtheserum forperfluorooctanesulfonate,

perfluorohexanesulfonateand perfluorooctanoate.Indecreasingpercentfound,

perfluorooctanesulfonatecontributedbetween 55 -80%, perfluorooctanoatecontributed

between 15 -300/oand perfluorohexanesulfonatecontributed5 - 15% oftheorganic

fluorine.Analyticalmethodsused were electroncaptureand microwave plasma detector.
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TITLE: Analysis of Selected Decatur Employee serum for Sulfonic
and carboxylic pluorocbealeals

AE)THORs

ABSTRACT:

The precence of C and C. sulfonic acids was detected in certain blood
samples using bo;g electron capture and microwave plasma detector methods.
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Llubject: Characterization of Decatur RF Valuesa

Pequestor: Dept. Name

Request No. ------- Dated _ kcS2ber 12ZI

Report:

The serum of 10 selected 3M Decatur employees was submitted (A72754) in June, 1979
for analysis of organic fluoride levels and the total organic fluoride values were
reported in Analytical -Report7194. Subsequent to that work, It became of interest
to further characterize the fluoride serum value and attempt to Identify the presence

of 3M fluorochmicals.

Initial analysis (7/18/79)by the microwave plasm detector (MPD) established the
presence of the expected perfluoronctanesulfonate and perfluorooetanoate anions
in the serum extract of - -25 and . -22. However, the observationof perfluoro-
hexanesulfonate anion in the above extracts was unexpected and it therefore became
necessary to spend additional analytical development time in order to measure these
3 fluorochemicals in the same serum extract sample. During this time, the method
was evaluated on the electron capture (EC) gas chromatograph. The EC detector
would be expected to have greater sensitivity than the KPD for these fluorochemicals
but with less specificity since the MPD can be operated on the fluorine channel
eliminating any confusion by other EC active compounds.

We selected the 5 highest fluorine containinr Decatur samples and analyzed the
serum extract for perfluorobexanesulfonate,perfluorooctanesulfonate,and perfluoro-
octanoate anion. We used both the HPD and EC detection systems and report the

following values:

% IFOUND(D

Perfluorohex- Perfluorooc- Perfluoro-

Person RF anesulfonate tanesulfonate octanoate Total

-22 10.1 5% 60% 30% 95%

-23 5.7 15% 70% 20% 105%

-24 9.4 5% 80% 15% 100%

-25(D 11.8 5% 55% 20% 80%

-26 4.1 10% 65% 25% 100%

(Drhe analysis was conducted on a single determination (1 al of serum) due.to limited

availability of sample and time and represents our interpretationof the averare
of the EC and MPD values. No internal standard was used; expect tlO-20% accuracy.

(I)A,R6962, 7028, 7194

epreviously identified as -21(Z) due to mia-labaling by medical personnel.
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The above results are necessarily somewhat approximate due to the lack Of an internal
standard and contim"-l refinements in the derivatization and C;Cof the corresponding
mechyl aster, Sufficient sample remains for additional analysis. Ytwther improvements
in the analysis are and will continue to be made as time permits. We thought it
beat to report these values now, especially &I=* we Identified the presence of
perfluoroboxanesulfonate In human serum extract and no toxicology studies to date,
have been completed an this fluoroche"cal.

Throe years ago (10-13-76) we reported that Decatur =*lay&* serum extract

contained perfluorooetamoulfonate (based on T/M) and a minor fluorim* containing
component now identified as perfluorooctano&te. Therefore, the presence of per-
fluorooetanesulfon&te in this Individual Me been known for som time Nowg with
improved analytical methods, we *have greater sem:it:iv:LtyaW em determine the
presence of perfluorohazanesulfonate In addition to perfluorooetammulfonate anion.
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FluorochemicalControlStudy

Thisisa reportofa cross-sectionalcorrelationanalysisofmedicalsurveillancedata

collectedin1981 ofDecaturchemicaland filmplantworkersand theirtotalorganic

fluorinelevels.There were no statisticallysignificantcorrelationsreportedbetween

SGOT, SGPT, GGT, alkalinephosphatase,totalbilirubin,redbloodcells,hemoglobin

and cholesterolforeithertheDecaturchemicalorfilmplantworkers.The reportwas

reviewedby Dr.Leonard Schuman, Professorand DirectoroftheUniversityof

NfinnesotaDivisionofEpidemiologyDepartment(letterattached).Althoughthisreport

does notspecificallymentionperfluorooctanesulfonate,itissubmittedasit

chronologicallyfollowedthe3M TechnicalReportthatobserved

perfluorooetanesulfonatewas a component oftotalorganicfluorineintheseraof5

Decatur employees.



10 F- A- UBEL, M.D.
MEDICAL DEPARTMENT 220-2E-02

FIM D. E. ROACH, M.D. MEDICAL J@EPARTMENT 220-2E-02

sObJecl*Fluorochemical Control Study

Dale: May 25, 1982

The review of the 1981 Decatur fluorochemicalcontrol study has beencompleted. Statisticalanalysis
operations. In addition, vag performedby Riker ]ResearchData
In turn reviewedin the Dethe conclusionsand statistical .8

Partment Of Epidemiology at the &naly es were
Minnesota. Universityof

The Purpose of this
between two POPulatistudy was to compare certain blood chemistry tests

on groups assumed to be similar except for their
work histories. The Decaturplant sitewas a logicalselectionfor
this review. Participationby both the Film Plant and the Chemical
Plant employeeswas On a voluntary basis* 31T employees (out of 450)
in the ChemicalPlantand 306 (out of 600) in the Film plant took part
in the study. Althoughparticipationwas lover in the Film Plant these
numbers were feltto be adequatefor statisticalevaluation. Any
employee in the Film Plant group with more than three months history of
work within the chemicalplant was removed from this control group.

These populationswere comparedwith respect'tothe distributionof
several test results such as liver enzymes (SGOT.S(;PTalkaline
phosphatase. GGTP), some hematology-Parameters (hemoglobin and red
blood cell count),cholesterol,and lastlyorganicfluorinelevels.

.InsumMrY, we found no significantdifferencein the distributionof
those blood test results between employees working in the Chemical
Plant and those In the Film Plant control group. There was also no
significantcorrelationbetween these test resultsand blood levelsoftotal organic fluorine.

These results furtherconfirmour clinical impressionthat to date we
are unable to demonstrateevidence of illness or disease pa".ternsamong
our fluorochemical exposed employees.

Ffforts should continue in reducing employee exposure
opportunitiesto help loverblood fluorinelevels. Fol'ow--,ip

Lhealth evaiiiationswill be continued on a regularbasis. Timing
and structureof this program is present'Lyunder review. If there
are elnyauestions please call.

.)FP/cr



PI.P.jr)r(-)chemicRlrontrol Stuiy

Pot, several years health evalitations have been conducted at
two major chemical plant production sites. The purpose or
these evaliiations was to determine whether or not any
patterns of disease could be detected that might be related
(1) to the exposure of employees to certain fluoroebemicals
and (2) to the presence of these fluorocliemicals in the blood
of the workers.

To date no pattern of disease has been* identified.
Y4owever,

two additional studies had not been performed. One was the
collection of total blood organic fluorine levels on chemical
plant employees. The other was to develop a suitable
control.

Both or these became available in 1981. The control study
was undertaken at a plant site with two separate divisions
represente(f by two manufacturing sites located approximately
500 yai,ds apart. All were 3M production employees and the
mobill.t.yof' the employees between the two sites was
relatively low since two separate manufacturing divisions
were involved.

One ob.iective was to compare the incidence of abnormal values
of certain-blood tests seen at each plant. Those tests to be
compared were:

1. SGOT
2. SGPT
3. Alphaline phosphatase
4. GGPT
5. Cholesterol
6. Hemoglobin
7. Red Blood Count

"Abnormal" was to be any variation from normal despite
clinical assessment.

Another objective was to see if there was a correlation
between these blood test results and the levels of total
bloo(I organic fluorine.

The chemical plant employs approximately 450 people.
These

employees take part in a general health evaluation annually
which among other things includes a chemistry profile and a
CBC.

Participation in the health testing is voluntary. The
testinx is done aboard a commercial testing van which
regularly visits the joint plant site.



Total organic fluorine blood tests were drawn separately in
the nursing department throughout the year at this Chemical
Plant.

These tests were spaced over 1981 and were sent to
St. Paul for the analytical determination. The variations In
organic fluorine level's changed slowly due to delayed
excretion. Therefore, although not drawn simultaneously with
the chemistry profile this was not thought to be a major
inaccuracy in the comparison with the chemistry profile.

317 employees participated including several office
personnel.

The Film plant employs approximately 600 people and had not
previously been involved either in health evaluations nor in
organic fluorine blood testing. Here again participation was
voluntary. These employees were tested in a random manner
and interspersed among the chemical plant employees on the
van each day. In addition blood fluorine samples in the Film
group were also drawn on the van following the same protocol
as when drawn in the nurses station. The blood fluorine
samples were then taken promptly to the nurses station for
centrifuging, packaging and deliver to St. Paul as Is the
normal routine.

306 employees participated rand were almost. entirely
production workers.

Within this group any-employee
identified as having worked In the chemical plant for over
three months

* were removed from this group creating a subgroup
of 210 solely film plant employees.

In summary, the blood fluorine samples were handled
differently between the two plants. Otherwise all blood
te*stingwas felt to be identical within both groups. The
three groups to be analyzed were:

1. Chemical Plant employees (317)
2.

Film Plant employees including approximately 33% of
people who at one.time had spent some time in the
chemical plant (306).

3. Those film plant employees
who had essentially no

previous exposure to the chemical plant (210). The
attached results and statistical analyses are
attached.



PRELIMINARY DATA

ANALYSIS "ABNORMAL" LIVER ENZYMES FILM VS, CHEMICAL PLANTS

CHFJ-11CAL FILM FILM
MINUS WORKERS IN

LOCATION
CHEM PLANT >3 MO,'

NUMBER TESTED 327 306 1210

EIIIPLOYEESWITH 1 OR
MORE "'ABNORMAL" ENZYMES 37 (11.3%) 26*(815%) 20 (9.5%)

NUMBER ABNORMAL TESTS

GGTP 24 (65%) 12 (46%) 10 (50%)
SGPT 11 (30%) 9 (35/wo) 7 (35%)
ALK. P'TASE 6 (16%) 7 (27%) 3 (15%)

% OF ALL TESTED

WITH ABNORMAL:

GGTP (7.3%) (3.9%) (4.8%)
SGPT (3.4%) (2.9%) (3.3%)
ALK. P'TASE (1.8%) (2.3%) (1.5%)

IF GGTP REMOVED
FROM ALL TESTED
'/"QOF PEOPLE WITH
"ABNORMAL ENZYMES" 5.8% 6.9% 7.1%



c).4.r

AMbi,

CORPORATE MLDICAL Ci.Ircr?ELATIONSBETWEEN LIVER VALUES AND FLUORINE

I VECATUK FILM WITHOUT I
LIVER TEST I E)ECAlUk FIL@I I CHEMICAL WORKERS I UECATLIR CHEMICAL
------------ I-------------- I----------------------I-----------------
S60T 1 100596 1 o03647 1 -OoOdS39

1 19191 1 06109 1 9232u
1 :27.3 1 1'17. 1 l@7------------ I--------------I.

------------
I--. -------

StiPT 1 -0*02662 1 oO2O44 1 -OoOS4 40
1 6475 1 o7756 1 94477

;jl I / Ci7 1 ) el 7
-------------- ----------------I--. ------

GGTP 1 -0907622 1 -o.o575 1 -0900369
1 1940 1 o4800 *95b9

------------------ ------
ALKPHOS 1 -0*01766 1 oU935d 002925

1 .7630 1 *1909 o6632
I ;L(I-i I Ift7

--------- II--------------lm. m --- --- -------
TDILI I -OeO5b36 I -0,05eb9 1 -0903291

1 e3355 1 *4621 1 ob46a

7 1 (17----------------- I-------------
Rt$C 1 -0.09570 1 -0,03386 1 -0*01872

1 *1015 1 ob367 I .794b

lrf7 il(------------
HUB 1 -0*08624 1 -Uool7j7 -0.01159

1 *1402 1 oboub *8719

------ ----------- -.j'LL-----------
CHOLESTEROL 1 .03607 1 *04051 1 -0*07620

1 *5378 1 95720 1 *2872

------------ --------- ------------

NUTE:
FIRST VALUE IS CORRELATION BETWEEN LIVER TEST AND ULOOD FLUUHLNL
SECOND VALUE IS THE SIGNIFICANCE PRUbAbILITY OF THE CORRELATIUN



CUKPORATE MEDICAL CORRELATIONS BETWEEN LIVER VALUES AND FLUORINE
CALCULATION INVOLVE ONLY EMPLOYEES FROM CHEMOLITL HAVING 1981 HEP EXAMS

I I
LIVER TEST I CHEMOLITE
------------ --------------
S Li(iT .01811

1 *7748

------------ --------------
-SUPT 1-.10291

1 01031

------------ --------------
GtiTli I oOb442

1 3084

---------------------------
ALKPHUS 1 *12979

1 *0395

------------ -----------
TdlLl 1 -0.10845 1

1 .0858

------------ --------------
.-(dc 1 -0*08738 1

1 .1693

------------ --------------
tlob 1 -0*04083

1 .5214

------------ --------------
CMULESTEROL 1 .12222

1 .0526

------------I--------------
AUE. 1 .08278 1

1 eIB59

------------ --------------

NUTL:

FIKST VALUE IS CORRELATION BETWEEN LIVER TEST AND BLOOD FLUORINE
SECOND VALUE IS THE SIGNIFICANCE PROBABILITY OF THE CORKELATION
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APP

April 29, 1982

Frank Ubell
Medical Director
Medical Department, Medical Services
220-2E 3M Center
St. Paul, MN 55144

Dear Dr. Ubell,

I recentlyhad the opportunityand the privilege of examining
the protocolfor and the data from the studies undertakenby Dr. Roach
of your departmenton fluorochemicalexposuresin one of your
chemicalplantswith a control populationdrawn from a film plant
underyour jurisdiction. I was providedwith informationon the
sizeof the respectiveplantpopulations,the extent of their'partici-
pation, the clinical laboratorytests on several blood parameters,
the intervals-oftestingfor blood fluorinelevels,the disease
patterns in these populationsand the data derived therefrom.

I-was impressedwith the care taken to avoid bias in collection
and testing of the blood samples and the insight and sophistication
of the data analyses by Hawkinson and McCormack. Although partici-
pation in the health testingwas voluntarythe response in the chemical
plant was high as would be expected (317out of 450). (The partici-
pation in the health evaluationwas even higher.) Participationin
the control plant, although lower (306 out of 600), was deemed adequate
for control purposes. Those controls who did have earlier exposure
of 3 months or more were properly set apart as a separate subgroup.

In examiningthe distributionsof the resultson the clinical
chemistrynoteworthy were the similaritiesamong all the groups.
Although fluorinelevels revealedincreases,correlationswith the
clinicaltestswere insignificant.

In the absence of any disease patternselicitedby historyand
clinicalexaminationand the geniralsimilaritiesin the distribu-
tions of such test resultsas for SGOT, SGPT, alkaline phosphatase,
GGPT, cholesterol, hemoglobin and red blood cell counts, one must
concludethat virtuallyno evidencefor even pre-clinicaltoxicity



Ur. Frank Ubel 1
April 29, 1982
page two

exists. Compartmentalizationof the data on a spectrum of length of
exposure and blood fluorine levels,although a refinement,would
probablyyield littleor no additionalinformationsince the N's in
the stratawouldbe reduced to inadequatelevelsfor significance.

Continued clinical followupon an annualbasiswith a view to
elicitingpossiblechronic fluorocarbontoxicitywould be feasible
and worthwhile in your setting.

Thank you for permittingthis appraisalofyour protocol and
data.

Sinc5ep!lyyours,
/@

ip

e
.
onard M. Sc6uman, M.D.

Professor and Director

LMS:sn
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Working Memorandum on Data QualityAssessment(oftheMean and Range of
PFOS (ppb)LevelsinCurrent and HistoricalHuman Populations)

ThisreportdocumentsBattelle'sevaluationofthestatisticalqualityand defensibilityof

12 datasourcesofserum perfluomoctanesulfonate(PFOS) levelsfound innon-

occupationalhuman populations.These datawere summarized inthe3M whitepaper,

"PerfluorooctaneSulfonate:CurrentSummary ofHuman Sera,Healthand Toxicology

Data" providedtotheEPA inJanuary,1999.The purposeofthisinitialcollectionof

human non-occupationalserum samplesby the3M MedicalDepartment was to

determinethepresenceorabsenceofPFOS inhuman bloodfrom currentandhistorical

samples. 3M requesteda reviewofthesedata by Battelletodeterminewhat additional

inferencescouldbe obtainedby analysesofthesedata.Battellestatisticiansfeltthatonly

thepooledserum from the18 U.S.bloodbankswas judgeddefensiblefora statistical

analysis.Of thesedata,thegeometricmean PFOS bloodlevelwas 28.2ppb (95%

confidenceinterval23.9-33.3).Regionaldifferencescouldnotbe explainedwithout

additionaldataand analyses.
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CorporateOccupationalMedicine PO Box 33220
CorporateProductResponsibffity St.Paul,MN 55133-3220
CorporateToxicology 651733 1110
3M MedicalDepartment

IdentificationofFluorochemicals in Sera of Children inthe United States

The objectiveofthisstudyisto determineina sample of childrentheirseralevelsof

perfluorooctanesulfonate(PFOS), perfluorooctanoate(PFOA), perfluorohexanesulfonate,

N-ethylperfluorooctanesulfonamidoacetate(J?FOSAA), N-methyl

perfluorooctanesulfonamidoacetate(M570), perfluorooetanesulfonamidoacetate(M556),

and perfluorooctanesulfonamide(PFOSA). IncooperationwiththeUniversityof

NfinnesotaDepartment ofPediatrics,samples willbe obtainedthatrepresentserafrom

1,131 children(ages2 to 12 years)from 23 statesintheUnited States.The serawere

collectedas partof a largeclinicaltrialregardinggroup A streptococcalinfections.A

totalof 599 samples willbe tested.Seralevelswillbe compared to thechildrens'age,

gender and stateof residence.The timelineforstudycompletion,estimatedatJanuary 1,

2001, isentirelydependent upon a validatedanalyticalmethod to analyze0.1 ml of

human serum forthesefluorochemicalswith a lower limitofquantitationof < 10 ppb

based on high performance liquidchromatography electrospraytandem mass

spectrometrymethods.



CorporateOccupationalMedicineSection/EpidemiologyUnit
Proposal
March16,2000

Tide:IdentificationofFluorochemicalsinSeraofChildrenintheUnitedStates

Purpose: Evidencethatorganiccompounds containingtheelementfluorinechemically
bonded tocarboncanbe found inhuman bloodwas reportedintheliteraturemore than
30 yearsago.Average serum perfluorooctanesulfonate(PFOS) levelsmay be withinthe
20 to60 ppb rangeinthegeneralpopulation.Thisisprimarilybased on pooledserum
samples;thusitisdifficulttoascribefindingstoanyspecificdemographicgroup. The
purposeofthisstudyistodeterminethelevelofseveralfluorochemicalsfrom theseraof
children(2- 12yearsofage)intheUnitedStates.

Signiricance:Determinationoftheserum concentrationsofselectedfluorochemicals
willprovidefora more specificunderstandingofthedistributionofthesecompounds in
children.These datashouldbe helpfulintheriskcharacterizationprocess.

Objectives:The objectiveofthisstudyistodetermineina sample ofchildrentheirsera
levelsofperfluorooctanesulfonate(PFOS),perfluorooctanoate(.PFOA),
perfluorohexanesulfonate,N-ethylperfluorooctanesulfonamidoacetate(PFOSAA), N-
methylperfluorooctanesulfonamidoacetate(M570),perfluorooctanesulfonamidoacetate
(M556),andperfluorooctanesulfonamide(PFOSA).

Protocol:The DepartmentofPediatricsattheUniversityofMinnesotaMedical School
hasstoredserafrom 1,131 children(ages2 to 12years)from 23 statesintheUnited
States.The serawere collectedaspartofa largeclinicaltrialregardinggroup A
streptococccalinfections.[SeePediatrics1998;101:86-88.]Serawere obtainedbetween
January1994 and March 1995. These childrenpresentedwith signsand symptoms of
acute-onsetpharyngitis.Allofthe1,131 childrenhad positivethroatculturesatthe
initialvisit.Serahavebeen keptfrozenat-200C.At 3Ms request,theDepartmentof
Pediatricshasagreedtoprovide3M up to0.1 ml perindividual.An initialpilotsample
was conductedtodeterminewhetherthepresenceorabsenceoffluorochemicalscan be
determinedwith0.1 ml serum. These findingssuggestedthatmethod validationshould
proceed. Because we areuncertainofthepopulationdistribution,itispossibleto
calculatesample sizebasedon tolerancelimitswhich areindependentoftheform ofthe
distribution.However, thetolerancelimitswillbe widerthana parametricdistribution
(NatrellaMG. ExperimentalStatisticsNew York:Wiley& Sons,1966). For example,
thelargestobservationina sample of45 individualsofa givenageand genderwillbe an
upperlimiton 95% ofthatspecificpopulationwithconfidencelevel0.90. Inthis
particularstudy,thesamplesizewillbe limitedby thenumber ofsamples,especiallyin
theyoungestageranges.On theotherhand,theuseofbootstrapmethods willallowfor
some smoothingofdatatherebyincreasingtheprecisionoftolerancelimitsand reducing
thesample sizerequirements(personalcommunication,Dr.Timothy Church,
biostatistician,Univ ofW. Therefore,thefollowingsamplesareproposedtobe
analyzedinthisstudy:



Age Group TotalN TotalSampled(%)
2 27 27(100)
3 51 51(100)
4 81 81(100)
5 122 100(82)
6 146 80(55)
7 161 60(37)
8 131 40(31)
9 135 40(30)
10 109 40(37)
11 87 40(46)
12 81 40A9)
Total 1131 599(53)

For thoseageswhere thesample sizeislessthan100%, we willobtainequalpercentages
by gender. Age (birthdatewas notcollected),genderand stateofresidenceforeach
sample willbe provided.

Fluorochemicalstobe analyzedarePFOS, PFOA, PFHS, PFOSAA, M570, M556 and
PFOSA. Priortothisstudyproceeding,theremust be a validatedmethod toanalyzefor
thesefluorochemicalsin0.1ml ofhuman serum usinghighperformanceliquid
chromatographyelectrospraytandem mass spectrometrymethods.The validated
analyticalmethod shouldhavea lowerlimitofquantitationof< 10ppb.Thisvalidated
procedure be performedby NorthwestBioanalyticalwithtechnicalassistancefrom
the3M EnvironmentalLaboratory.

PMocation/cost:Geary Olsenwillbe theprincipalinvestigatoron thisproject.Dr.
Timothy Church (AssociateProfessor,UniversityofMinnesotaDivisionofOccupational
and EnvironmentalHealth)willserveasthebiostatistician.JeanBurris,Dr.KrisHansen,
Dr.JeffMandel and Dr.LarryZobelwillserveas3M co-investigators.Totalestimated
costofthestudyis$250,000.

Timeline: The timelineforstudycompletionisentirelydependentupon a validated
analyticalmethod toanalyze0.1 ml ofhuman serum forthesefluorochemicalswithan
LLOQ of< 10 ppb. Ifsucha method isvalidatedby June2000,thenitisestimatedthat
thesample analyseswillbe completedby latesummer. Statisticalanalysesofthedata
shouldthenbe completedby OctoberI"witha draftfinalreportwrittenby November
15,2000. Review and approvalmay takean additional45 days.Therefore,a final
reportisestimatedtobe availableby January1,2001. A finalreportwillbe delayed
shouldthevalidationoftheanalyticalmethod takelongerthanexpected.



WOR93NG MEMORANDUM
on
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by

Bruce Buxton,Warren Strauss,Owen Chang
BATTELLE

September22,1998

ThisreportdocumentsBattellc'sevaluationtoiateofthestatisticalqualityanddefensibilityof
12 datasourcespresentedby 3M staffwho suggestedthatthesedatasourcesmightbe usedto
estimatebloodlevelsofperfluorooctanesulfonate(PFOS) innon-occupationalhuman
populations.Accordingto3M, thesedatawere collectedtohelpaddressthreediscovery
questionsposedtothe3M MedicalDepartment:(1)IsPFOS detectableinindividualhuman
bloodfrom a corpomte-bas'ea3M employeepopulationknown nottohaveworked in3M
fluorochemicalmanufacwfingplants(butknowledgeableaboutfluorochemicals)?(2)IsPFOS
detectableingeneralpopulationpooledbloodsamplesfromdifferentgeographicallocations
acrosstheUr@tedStates?and (3)IsPFOS detectableinhuman bloodwhich would havebeen
collectedpriortotheintroductionofPFOS-basedchemicalsintothemarketplaceofthegeneral
population?Subsequently,Battellewas askedwhetherany furtherstatisticallydefensible
inferencescouldbe derivedfrom thesedata;thisreportaddressesthatquestion.Inthisreportwe
(1)listimportantcharacteristicswhich datasetsmust haveinordertosupportstatistically
defensibleinferences,(2)judgeeachof3M's 12 datasourcesagainstthesecriteria,and (3)
statisticallyanalyzetheavailabledata,where appropriate.

Our findingsfrom thisinitialassessmentofstatisticaldataqualitycanbe summarizedinthe
followingpoints:

o We suggest12 criteriawhich defmc statisticallydefensibledatasources.Of the12 data
sourcespresentedby 3M staf&no sourcewas judgedsufficienton all12 criteria,and only
one source,the1998 pooledserum fromU.S.bloodbanks(datasourceA3),was judged
sufficientforsubsequentstatisticalanalysis.

o The 1998pooledserumbloodbank dataindicatedanationalgeometricmean PFOS blood
levelof28.2ppb witha 95% confidenceintervalof23.9to33.3ppb. Significantregional
differencesareapparentbutcannotbe explainedwithoutadditionaldataand analysis.

Data CharacteristicsforStatistic2iDefensibilill

Inordertomake statisticallydefensibleconclusionsfroma setofdata,sevemlrequirements
must be met regardingdesignofthestudyandimplementationofthedatacouectionefforlEach
oftheserequirementscanbe associatedwithimportantquantitativeasswnptionsunderlyingthe
numericalmodels which uc usedtomake statisticalinferences.Inourassessmenthem, we
consideredthreedifferenttypesofestimationproblemsregardingPFOS bloodlevelswhich one
might want toconsider:(1)temporalchangesinPFOS bloodlevelsoverthepastseveral
decades,(2)spatialtrendsinPFOS bloodlevelsforvariousregionsacrosstheU.S.,and (3)
demographictrendsinPFOS bloodlevelsamong varioussiabpopulaflonsintheU.S.,or
worldwide.Table I summarizes12 statisticalrequirementsfordatadefensibuiiy,and associates
eachwiththethreetypesofestimationproblemslistedabove.Note inthistablethatthefirstfive



Table1.StatisticalRequirementsforDefensibleQuantitativeConclusions

Tv@as Estitnatior
Temporal: Spud&StatisticalRmlrtmentx

@.Che'RUOS -Trehdt1 Detaileddocumentation of the study objectivesand approach, Includingsampling design
(number and types of samplesi,and sampling and chemical analysisprotocols

2. Specificationor-awelldefinedtargetpopulationabout which Inferenceisto be made (e.g.,
the entireU.S.population,or some specifiedsubpopulation)

3. Unbiased date collectionprotocolswhich ensure thatallsamples aredemographically
representativeof the targetpopulation;generallythisimpliesrandom sampling from the
tarnatDopWation

4. Along withPFOS blood levels,accuratecollectionofimportantpredictororexplan@t-ory-
Information,such as demographics likeggplonder, race,ate.

5. Compositingof samples, when done, Isperformed onlyforsamples withinthe same
3ubpopulationso thatknportant potentialdifferencesamong subpopulationsarepreserved in methe resultingdata

S. SamplingIsperforfnedat several(i.e.,at leastthrealpointsin timewhich arespaced at
regulartimeintervals(e.g..everv fivefears)

7. At each pointIntime,sampffig Isperformedcross-sectionallyfrom the entiretarget
populationorsubpopulations

S. Sampling 1,9performed to provide uniform coverage of the entirespatialdoma7in of Interest
le.g.,the entireU.S.)

9. Date Iscollectedboth formultiplelocations(e.g.,regionsor cities)across the spatialdomain
- and tarmuldpleIndividualswithineach location
10. Alldata arecollect*dat approximatelythe sanropointIn time to eliminatethe potentialfor

beconfoundingdue to temporal trends
11. Specific;t-ionof targetsubpopulationswhich arewelldefinedinterms of important

demographic parameters (e.g.,age, gander,race.etc.1and from which sampling israndomly
performed

12. Eitherfixsampling atone tifneand spatiallocation(e.g..city)or ensurethatsamplingforall
denwgfaphic subpopulationsIsperformed ina balanced design across the same times and
locations(i.e.,to eliminatepotentialconfoundlni3due to time orlocation)

pling=time.
for'a"
I
and
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requirementsaremore generalinnatureand applyequallytoallthreetypesofestimation
problems,whilethelastsevenrequirementsapplymore specificallytoa differenttypeof
estima@on problem.

Assessment of 12 Data Sources

On May 12,1998,3M stafffaxedtoBattellea tablelisting12 datasourcestheybelievemight be
used toestimatePFOS bloodlevelsinnon-occupationalhuman populations.Thistablehasbeen
retypedasshown inFigureI.Subsequently,3M staffsenttoBattelleelectronicfileswiththe
PFOS blood datatheyhad available,aswellasassociatedwrittendocuinentationon thedata
sourceswhich theyhad. Based on thisinformation,Battelleattempted,and was partially
successful,toobtainthroughliteraturesearchesmore extensivedocumentationon these12
studies.However, inmany_casesno additionalwrittendocumentationcouldbe found.

Given theinfomationsenttoBattelleby 3M and otherdocumentationBattelleobtainedfrom the
literaturesearch,Table 2 summarizes our assessmentofhow weU eachofthe12 datasources
meets eachofthe12 defensibilityrequirementslistedinTable1. InTable2,a ",/"indicates
thatthe.givendatasourceseems tomeet theassociateddefensibilitycriterion,whilea 'X'
indicatesthatthedatasourcedoesnotmeet thecriterion.Thisassessmentby Battelleisbased
solelyon thewrittendocumentationwe were abletoobtain,eitherfrom 3M ortheliterature
review.Ina largemajorityofcases,no writtendocumentationwas foundand sowe can not
judge whetherthedefensibilitycriteriaaremet by a datasource,ornot. Inthesecases,a "T'is
listedinTable 2. Insome cases,notedas documentationmay have been foundaboutthe
initialstudywhich collectedthebloodsamples,butno documentationwas availabledescribing
how particularsubsampleswere selectedtobe sentto3AL Also,insome caseswejudged thata
givendatasourcewould be appropriateforaddressingjustone" ofestimationproblem(i.e.,
temporalchanges,spatialtrends,ordemographictrends),andso defensibilitycriteriaforother
problemswould notbe applicable.Thesecasesaredenotedby a "-" inTable2. Table3 lists
more detailednotesabouteachofthedatasourcesforthosecriteriawhere sufficientinformation
was found inthewrittendocwnentationtowarrantcomment.



FigureI
Summary ofMean andRange ofPFOS fppb)LevelsinCurrentand HistoricalHuman Popula

AllDataAnalyzedInFebruary- April1998

Populations Dascriationof SamDlo Mean* (p
A. CurrentPopulations(bloodcollectedIn19981

1. Non-occupationallyexposed 3M employees 31 individuals 47
2. Commercial pooled serum samples

lntergenLaboratory 3 samples each with @--100donors 44
Sigman Laboratory 3 samples each with>-100 donors 33

3. Pooledserum from 21 separateU.S. blood banks 3 to 6 pooledsamples perlocationwith 5 to 10 29
(seeFigureI formore daticill donors per sample

B. HistoricalSamples (chronologicalorder)
1. Korean War era U.S. militaryrecruits,1948 to 10 pooled samples with 10 donors per sample N.D.1951
2. Swedish samples. 1957 10 individualsamples 23. Michigan BreastCancer Study, 1969-1971 5 individualsamples 334. Swedish samples, 1971 10 individualsamples 15. MRFIT pooled calibrationsamples, 1976 6 pooled samples with unknown number of 31

donors persample
6. MRFIT pooled calibrationSaMP103, 1980 3 poolad samples with unknown number of 23

donors persample
7. China samples (Linxian,ruralprovince),1984 6 Individualsamples N.D.S. MRHT Individual3aMP103, 1985 3 individualsamples 31S. China samples lshandong, ruralprovincel,1994 6 Individualsamples N.D.
Rounded to nearest ppb
Not deto"od

Note: Thisfigurewas retyped from a fax sentto Battelleon 5112/98 withoutchanging possiblemistakes.
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Table 2. OverallAssessmentofDefensibilityof12 Data Sources

statmic@wniquireniom Al A2 A3 8 .89:@@ S3@ 1 M. :B5 Be -.67.1.B8
1. Detaileddocumentation

'Of *1? 01? /? 1(7 /? /? if? WI? *I?
2. Definedtargetpopulation ? ?

3. Unbiasedsamplingprotocols ? x 7 ? ? ? x x x ?
4. Accurateexplanatory

? ? ? ? ? ?information
5. Appropriatecompositing ? 7 7 ? ?
6. Regularsamplingintime

? ? ? 7

Z Completesamplingateach ? ? ? ? 7 ?time
S. Uniformsamplingacross

? ?space
9- Multiple35MPIOSlocally

? ?
10. Samplingatsame iimo(r,)

? ?
11 . Defined demographic 7 7 7 7 7 7 7 7 7 7 7subpopulations I '
12. Samplingatsame time(3) ? ?andlocation(s) ? ?

Adequatelydesignedand implemented
X - Inadequatelyd"ignod orimplemented
? = Unknown due toinsufficientdocumentation

Not applicabletothisdatasource

Table 3. NotesRegardingDefensibilityof12 Data Sources

Al.:.No"66Upatlbi!My.43iposod.-3Msi@pi6yeis.
1 Detaileddocumentation- The onlydocumentationisinGearyOlson's8/15/98letter
2. Definedtargetpopulation- The targetpopulationwas 3M employeeswithminimaloccupationalexposure
4. Accurateexplanatoryinformation- Some demographicinformationwas collectedand included,such as

age and gender
12. Samplingatsame tima(3)and location3(,s)- The dataappearsto be onlyfrom employeesatthe corporate

center
A2.!ComiMr@Jig4coWd%ibrtim:sai@pi"

1 Detaileddocumentation- The onlydocuimentationisinGearyOlson's8/15/98letter
A3 bloodba6k&

1. Detaileddocumentation- The onlydocumentationisinGearyOlson's8/15/98letter
3. Unbiasedsamplingprotocols- Thereispotentialbiasasa resultofthe50% refusalrate
8. Uniformsamplingacrossspace- The samplesaregeographicallydispermw
S. Multiplesampleslocally-Therearemultipleregionsand multipleindividualswithineachr!glon

Bl!-.;.Korian-.Wiroiv*U.S.:WrFim@
1. Detaileddocumentation- The onlydocumentationisinGoarvOlson's8/15/98letter
2. Definedtargeteopulation The targetpopulationWas U.S.militaryrecruitsfromtheKoreanWar era

82.'iSwOdiih:i"O";..1957.
1. Detaileddocumentation- The onlydocumemationisinGearyOlson's8/15/98letter

B3.:M!S!ftahR"gt.cincer:BuWy;.1969-1971
1. Detaileddocumentation- The onlydocurnantaftonisinGearyOlson's8/15198letter

B4."$*"sh @umpi". .1971.-
1 - Detailed documentation - The only documentation is In Geary Olson's 13115198 letter
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Table 3. NotesRegarding Defensibilityof12 Data Sources(Continued)

05. Mffff pboled@cigbr6tion 1976:'
1. Detaileddocumentation- MRFIT isdocumentedinGearyOlson's8115/98lonerand inmultiplejoumals

includingJAMA, Val.235, No. 6,Feb.23,1976, butsubsamplingfor3M isnotdocumented
2. Definedtargetpopulation--The targetpopulationwas men aged35-57 withmultiplerisksforheart

disease
3. Unbiasedsamplingprotocols- The samplingprotocolselectedcertaincharacteristics,withmultiple

scroortings
4. Accurateexplanatoryinformation- Informationaboutthe originalsamplepopulationW83 recorded,butno

informationaboutthepooledcalibrationsampleis,known
06: MRFIT ii66W..cabiit[6iiaiitiow,1980

1. Detaileddocumentation- MRFIT isdocumentedinGearyOlsen's8/15/98letterand inmukiplejournal$
includingJAMA, Vol.235, No.6, Feb.23,1976, butsubsampfingfor3M isnotdocumented

2. Definedtargetpopulation- The targetpopulationwas men aged35-57 withmultiplerisksforheart
disease

3. Unbiasedsamplingprotocols- The samplingprotocolselectedcertaincharacteristics,withmultiple
screenings

4. AccurateexplanatoryInformation- Informationabouttheoeig(inalsamplepopulationwas recorded,but no
informationaboutthe pooledcaribrationsamp a isknown

07 CNna.i4rOgg6*.'(tM)dim,.tural.otavin6i).1984.
1 . Detaileddocumentation- Documented inGeary Olson's9/16/98letterand inJournalof theNational

Cancerlnst.,Vol.85,No. 18,Sept 15f1993,butsubsamplingfor3M isnotdocumented
2. Definedtargetpopulation--The targetpopulafionwas alltheresidentsofL:mxianaged 40-69 without

debilitatingdiseasesorpriorasophagealorstomach cancer
3. Unbiasedsamplingprotocols- The sampleappearsto be representativeof thetargatpopula6on
4. Accurateexplanatoryinformation- Informationabouttheoriginalsamplepopulationwas recorded,butno

informationaboutthe individualsampleisknown
'Ba.:'@MRRTindMdUWsirii@l";:lSOS

1. Detaileddocumentation--MRFIT isdocumented inGeary Olson's8/15198letterand inmultiplejournals
includingJAMA, Vol.235,No. 6, Feb.23, 1976, butsuboampringfor3M isnotdocumented

2. Definedtargetpopulation--The targetpopulationwas men aged 35-57 withmultiplerisksforheart
disease

3. Unbiasedsamplingprotocols- The samplingprotocolselectedcertaincharacteristics,withmultiple
screenings

4. Accurateexplanatoryinformation- Informationabout-theoriginalramplepopulationwas recorded,butno
informationaboutthe pooledcalibrationsampleisknown

B9. Chkii"mplii'(Shohda;nd',.:itiiid!pr"cie),1994..--
I Detaileddocumentation- The onlydocumentationisinGearyOften's8/16/98letter

The main conclusionfmm ouroverallassessmentofthe 12 datasourcesisthatinmost cases
thereissimply not enough writtendocumentationofthe studydesignand samplingprotocolsto
judge whether theresultingdataarestatisticallydefensible,ornot.Insome cases(e.g.,NMFIT)
documentation isavailableon theoriginalstudyunder which an entiresetofblood samples was
collected,but no documentation isthenavailableon how thesubsampling was performed to send
samples to3M forchemical analysis.IfeithertheoriginalSampling orthesubsamplingwas

biased,thenthedataobtainedby 3M willalsobe biased(i.e.,systematicallytoohigh or toolow).
Given thislackofdocumentation,thereiscurrentlylittle,ifany,justificationforstatistically

analyzing3M's dataand presentingStatisticalconclusions.Poolingthedataacrossstudies(e.g.,
tolook forblood temporal,spatial,ordemographic trends)isnotreconunendod because of the
widely differentstudyobjectivesand targetpopulations2anongthestudies.

Of allthedatasourcesprovidedby 3M, probablythemost defmsibleforstatisticalanalysis
purposesisthedatasetof 1998 pooledscruxnfrom U.S.blood banks (datasourceA3). Although

6



detailedwrittendocumentationislacking,itdoesappearthatthesamplesmay havebeen
selectedinan unbiasedmamer, atleastwithina particularbloodbank. We areconcomed with
possiblenon-responsebiaspotentiallyintroducedby thelargenumber ofbloodbanks
(approximatelyhalfof thosecontacted)which declinedtosend3M thesamplestheyrequested.
There arealsopotentialbiasesresulfingfromtheprobablelackofcontrolby eachbloodbank
concerningthedemographicsofthedonorsofthesampleswhichwere sentto3M. However,
recognizingthesepotentialseriousdatadeficiencieswhich limitourabilitytomake valid
inferences,inthenextsectionwe have subjectedtheresultingPFOS bloodleveldatatoa limited
statisticalanalysis.

St,atisticalAnalysisofBloo-dB-ankData

The recentlycollectedand analyzedpooledbloodsamplesfroman independentNfinnesotaand
17 geographicallydispersedRod Crossbloodbankshavebeencombinedtoestimateanationally
representativemean PFOS (ppb)level.However, a varietyofassumptionsarenecessary,
including:

1) Each pooledsampleisrepresentativeoftheregionalpopulation(i.e.,eachmember ofthe
populationhad an equalchanceofbeingrepresentedinthesample).

2) Each pooled sample has a known number ofdonors,and eachdonorisrepresentedequallyin
thesample.

3)The samplingand analyticalmethodsforobtainingserumPFOS levelsisthesame acrossall
samples.

Itisunlikelythatthesamplesobtainedby 3M completelysatisfyalloftheaboveassumptions.
Also,thedatahave thefollowingadditionallimitations:

1) The bloodbanksrepresentonlythosedw donatedblood- i.e.,citieswherethebloodbank(s)
refusedtoparticipatehad no chanceofbeingrepresentedin3M's sample.Furthermore,itis
unlikelythatthesamplesobtainedfromparticipantbloodbanksarerepresentativeofthe
generalpopulationineachgeographicregion.Rather,thesesamplesarerepresentativeof
peoplewho donatebloodtotheRed Cross.

2) Itisunlmown how many donorsam ineachpooledsample,norisitknown how eachdonor
was selected.

3) Most ofthesesamplescame fromRed Crossbloodbanks,soitislikelythosesampling
methods arethesame. The Minnesotasamplesprobablydo nothavesignificantlydifferent
methods. As alloftheanalysiswas performedby 3M, theanalyticalmethodsshouldbe the
same.

Althoughthesedatamay notsatisfyalloftheassumptionsdetailedabove,thefollowingrandom
effectsmodel was used toestimatea nationalgeometricmean PFOS level:

ln(PFOSij)- @L+ Bi-@cjj,where
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ln(PFOS#)representsthenatuml-logtmwfonned PFOS levelassociatedwiththejthpooled
sample from theithBlood Bank, expcu)isthenationalgeometricmen PFOS levelBiisthe
difference(onthenatarallogscale)betweenthemean PFOS levelattheithblood-bankandthe
nationalme=, and eijistheresidualetrorleftunexplainedby themodel (thedifferencebetween
theindividualsample PFOS measurements and themean PFOS levelatitscorrespondingblood
bank). Itisassumed thatBifollowsa normal distributionwithmean zeroand varianceebetween

,2
BloodBanks,and thateiifollowsa normal distributionwithmean zeroand varianceo WitWn BloodBanks.

Table4 providestheestimatesobtainedfrom fittingthismodel tothedate-Table5 liststhe
individualregiongeometricmeans which were found.tofalloutsidethe95% and 99%
confidenceintervalsfortheoverallgeometricmean.

Table 4. Parameter EstimatesforBlood Bank Data

ii.% confidends

Not;onalGoometHc Mean PFOS Level(aOl(pobi 28.2 (23.9,33.3) 122.5,35.4)

02Between BloodBanks [in(pob)ll .095
I -

- - -
I

e WithinBloodBankslim(pob)) .052

Table 5. Regions With GeometricMeans FallingOutsideCoufldenceIntervabforOverall
Geometric Mean

Region. n' ilitild i" -0'* ':99'%ClTn c 0 b :-0. 90% C. titdde
Santa Barbara,CA 3 15.9
Omaha, NE 5 16.2
Billings,MT 3 22.4
Grand Rapids,Mi 3 23.1
Cheyenne, WY 3 23.3

East Orange, NJ 3 23.5

Newark, DE 5 23.9 4F
Anchorage, AK 3 25.3
Las Vegas, NV 3 28.6
Santa Rosa, CA 3 27.3
Corpus C risfi,TX 3 28.9
Kansas City,MO 3 29.6
Davenport. IA 3 31.9
Scottsdale,AZ 3 36.5
Meridian.MS 3 37.5
Minneapolis,MN 6 4S.6
Lafayette,LA 3 45.7
Greenville,SC 3 51.5

The above resultsdemonstratethat12of 18 bloodbankshad geometricme= PFOS levelsthat
felloutsidethe95% confidenceintervalconstractedfortheestimatednationalgeometricmean
PFOS concentration.Thishigh'nwnberofregionalmeans failingsignificantlyabove and below
theoverallmean isa resultof thefactthatthereissignificantvariationbetween thegeometric



mean PFOS concentrationsobservedateachbloodbank. Itispossiblethattherearemeaning&l
factorsthatcan explaina portionofthisvariability.For example,thebloodbanksin
Minneapolis,MN, Lafayette,LA and Greenville,SC may be locatedincloseproximityto
industriesthatapply3M products(suchascarpetmanufactm-ers),whileSantaBarbara,CA,
Omaha6 NE and Billings,MT may be isolatedfromsuchexposuresources.However,
differencesinthedonorpopulationateachbloodbank may be,anotherpossibleexplanationfor
theobservedvariabilitybetweenbloodbanks.To investigatethereasonsfortheseregional
differences,additionaldataanalysiswithmore explanatoryinformationwould be required.

ResaTnWing the 19 Blood Bgnks

3M askedBattelletheiropinionofthestatisticalmeritofresamplingthese18 bloodbanksto
helpevaluatetheuncertaintyinPFOS bloodlevelswithingeographicallocations.Inthecurrent
data,therearevariationsof20 ppb ormore betweentheminimum and maximum PFOS levels
measuredindifferentpooledsamplesfromthesame geographicallocation.

Ifadditionalinformationcanbe collectedfromthebloodbanks,Battellerecommends thatthe
most beneficialdatawould be demogmpbic fiffonnationon thepooledsampleswhich were
previouslysentto3M. We suggestthatitismost importantatthispointintimetobetter
understandthefactorsinfluencingthePFOS bloodlevelvariability.Collectingnew blood
sampleswithoutdemographicinformationwould helpquantifythevariabilityone shouldexpect
fromthe18 localpopulations,butitwouldnothelpexplainthesource(s)ofthatvariability.For
designingefficientfuturesamplingprograms,we needtoknow bow much variabilityto.expect,
butmore importantlythemajorenviroranental,behavioral,nutritionaldemographic,
socioeconomic,cte.factorsthataffectthatvariabilitysothatwe cantrytocontrolthesefactors
(e.g.,stratifyby thesefactors)toobtainmore accuratesiunplingresults.A secondconcernwith
resamplingthese18 locationsisthattheymay constitutea biasedsamplingofthegeneralU.S.
population.By takingmore samplesfromthesecities,we mightbe simplygeneratingmore
precisebuthighlybiasedestimates.

TOTAL P.iO



CorporateHealthPhysics 3M Center,220-2E-02
CorporateOccupationalMedicine PO Box 33220

CorporateProductResponsibilitySt.Paid,MN 55133-3220

CorporateToxicology 6517331110

3M MedicalDepartment

SerumFluorochemicaltrendsofout-of-countyresidentsinCLUE 1(1974)and
CLUE ][[(1989)epidemiologicinvestigations.

This projectisajointcollaborationbetween 3M and Johns Hopkins UniversitySchool of

PublicHealthresearchers.The objectiveofthisstudyistoanalyze358 adultsera

samplesthatwere collectedin1974 and 1989 aspartofthe CLUE Iand CLLTE IIIstudies

conductedinWashington County,Maryland. The serasamplesrepresentout-of-county

residentswho participatedinthestudy.A totalof59 samplesarefrom individualswho

donatedinboth 1974 and 1989. An additionaltotalof 120 sampleswillbe analyzedin

eachyearofdifferentindividuals.Fluorochemicalstobe measuredinclude

perfluorooctanesulfonate(PFOS), perfluorooctanoate(PFOA), perfluorohexanesulfonate,

N-ethyl perfluorooctanesulfonamidoacetate(PFOSAA), N-methyl

perfluorooctanesulfonamidoacetate(M570), perfluorooctanesulfonamidoacetate(m556),

and perfluorooctanesulfonamide (PFOSA). The titnelinefor study completion, estimated

at January 1,2001, isentirelydependent upon a validatedanalyticalmethod to analyze I

ml of human serum forthese fluorochemicals with a lower limitof quantitationof < 10

ppb, based on high performance liquidchromatography electrospraytandem mass

spectrometry methods.



TITLE OF RESEARCH PROPOSAL
Serum fluorochemicaltrendsofout-of-countyresidents CLUE 1(1974)and
CLUE 11(1989)epidemioloaicinvestiaations0 0

I. RESEARCH OUESTION:
Are fluorocheniicalsdetectableintheserum samplesofindividualswho

donatedblood toa coffimunity-basedspecimen bank in 1974and 1989 and towhat
extentdo levelschange overtime?

2. RATIONALE/BACKGROUND:
The 3M Company (sponsorof thisproposal)manufactures widely-used

productsthatcontainfluorochemicals.Fluorocheniicalstransformmetabolicallyto
perfluorooctanesulfonate(PFOS) as an endstagemetabolite.PFOS isa surfactant
and usedinindustrialand commercialprocesses.PFOS concentratesintheliverand
undergoesenterohepaticcirculation.Subchronicstudiesinratsand primatessuggest
a cumulativetoxicityresultinginloweredserum totalcholesterollevelsand
metabolicwasting.Tlese effectsmay be due toeffectson fattyacidtransport,
metabolism,membrane functions,and peroxisomeproliferation.

Exposure ratestothesechemicalsamong thegeneralpopulationareunknown.
Occupationallyexposed individualshave been monitoredforthepresenceof
fluorochemicals(Olsenetal).Among male productionemployeesthemean levels
ofperfluorooctanesulfonate(PFOS) in 1995 and 1997were 2.19ppm and 1.75ppn2,
respectively.No substantialchangesinserum hepaticenzymes,cholestemi,or
lipoproteinlevelswere notedamong individualswithlevelslessthan6 ppm. Only 7
individualsin 1995 and 5 in1997had levelsinexcessof6 ppm; no marked changes
inlipidorhepaticenzymes were noted.Itisunknown towhat extenttheselevels
canbe detectedin thegeneralpopulation.Thisproposalisanexploratorystudy to
determineforthe firsttimewhethersenun concentrationsoffluorochemicalsamong
a non-occupationallyexposedpopulationincreaseovertimeand-whether
concentrationsvary by genderorage.

3. METHODS
From August through November, 1974, the Campaign againstCancer and

Strokewas conducted inWashingtonCounty,MD. ReferredtoasCLUE I(from the
slogan,"Give us a Clue toCancer"),a totalof 25,802personsdonatedblood,of
whom 20,305were countyresidents.The briefhistoryform was completedatthe
time ofbloodcollection(Appendix1).The Campaign againstCancerand Heart
Disease(CLUE H) was similartoCLUE Iinmost respects.Itwas conductedfrom
May throughOctober,1989. Briefhistories(Appendix 1)andbloodpressureswere
taken,and 20 rnlof bloodwere drawn. Participantswere givenafood frequency
questionnaire(Appendix 1)tocompleteathome and were askedtoreturnitwitha
toenailclippingfortracemetalassays.A totalof 32,898personsparticipated(table



Forthisprojectwe willusespecimensfrom participantswho arenot
Washington County residentsand who, therefore,arenotintheanalyticcohort.
These individualsarereferredtoasthe"out-of-county"group.A totalof358
sampleswillbe selectedforassays(seetable1). Fifty-nineindividualsinthe
'.out-of-county"group gavebloodsamplesin 1974and 1989. The age distribution
ofthese59 individualsin 1974was asfollows:age 25-44 years-28;age 45-64 years
-20-,age 65+ years- 11. We willanalyzeallof thisgroupforserum fluorochen-iical
levelstodeterminechange inconcentrationsovertimewithinindividuals.An
additionalsample of 120 individualsfrom CLUE Iand CLUE IIwillbe selected
stratifiedby gender and age.

Table1. Demopraphic DistributionofTotalNumber (N 358)ofSerum SamDles tobe
Analyzed

Number ofSublects
1974 1999

Same individualsboth years(n= 59/yr)
Females* 32 32
Males* 27 27

Differentindividualseach year (1974,1989)
Females

<40 yrs 20 20
40-60yrs 20 20
>60 yrs 20 20

Males
<40 yrs 20 20
40-60yrs 20 20
>60 yrs 20 20

*Age in1989isprovidedbelow (1974dataanddistributionby ageby genderwas notknown at
thetimethisproposalwas written)

Assuming thecorrelationbetween thetwo measurementsobtained-in 1974and 1989 is0.8.
thesample sizeof 59 providesa statisticalpower of85% todetecta 10% differencebetween the
two timeperiods.

Assuming themean PFOS levelsintheagegroup<40,4G-60and >60 are25,30,and 36 ppb,
respectively,andthestandarddeviationis12 ppb foreachgroup,we estimate120 samples(40in
eachage group)willprovidea statisticalpower ofmore than95% todetecta 20% difference
among agegroups.This samplesizewillalsoallowfora statisticalpower of78% todetecta
20% differencebetween two groups(eg.,men and women).

Assay Measurements
NorthwestBioanalyticalwillanalyzeforup to8 serum organofluorocheff@cals(including

PFOS) usinghighpressureliquidchromatography//electrospraytandem mass spectrometry
(HPLC/ESMSMS) and evaluateversusan extractedcurve.Becausegeneralpopulationserum
samplesmnge intheareaofthelowerlimitofquantitation(LLOQ) forPFOS thatiscurrently



used by NorthwestBioanalytical,samplesfrom thisstudywillnotbe analyzeduntiltheLLOQ
forPFOS (31ppb) atNorthwestBioanalyticalcanbe reducedby approximatelyIorderof
magnitude.This validationeffortiscurrentlyunderway.

4. RISKS/BENEFITS
For theassessmentoftheproposedbiomarkers,dataand blood were collected

previouslyin 1974 and/orin1989 when thesubjectsvolunteeredtoparticipateina
campaign tocollectbloodfora serum bank and signedan informedconsent.We cannot
conceiveof any potentialriskatthistimeexceptforpossiblebreachesof confidentiality.
The proposed substancetobe measured have notbeen associatedwith adversehealth
outcomes inhumans. Thisstudyisthefirststeptodetermineifexposure(asmeasured by
internaldose)has even occurredamong non-occupationallyexposed individuals.No
informationwillbe giventoindividuals.Serawillbe assayedand analyzedwithout
individualidentifiers.Statisticaldatawillbe presentedby groups,withoutindividual
identifiers.At thispoint,thereisno individualbenefitandvirtuallyno individualrisk.

Protectionagainstunauthorizedaccesswillbe obtainedby keepingtheforms and
computer filesinrooms thatarelockedwhen notinuse,and ina wing of theHealth
Department thatisalsolockedwhen notinuse. Access totheserecordsareauthorizedonly
forstudents,employees oftheTrainingCenterand collaboratorsofapproved studieswho
have signeda confidentialitypledge.

S. ONSENT
Persons were recruitedin 1974 and in 1989. At the times of blood donation,

participantssigneda generalconsentform,allowingtheirbloodand datatobe used for
researchpurposes. For each ofthesecampaigns,theconsentform and historyform were
approvedby the School'sConunitteeon Human ResearchatitsJanuary,2000 meeting.

6. CONFIDENTL4LIW/INSURANCES
Allpersonswho arepermittedtohave accesstoourrecordsmust have a legitimate

purposeand must signa pledgeofconfidentiality.Recordsforthisstudythatcontain
personalidentifiersarekeptinrooms thatarelockedwhen notinuse and ina wing ofthe
HealthDepartment thatisalsokeptlockedwhen notinuse.Thiswing israrelyusedby
anyone otherthan employees oftheTrainingCenterorHealthDepartment. Personal
informationthatmight be consideredsensitivesuch asdateoflastmenstrualperiod,and use
ofoml contraceptivesor hormones iscoded ina way thatcannotbe interpretedwithouta
key. The key iskeptina differentroom from thefiles.When dataaretobe usedoutsideof
theTrainingCenter,names and addressesareremoved. Inmore than36 yearsofthe
existenceoftheTrainingCenter,we know ofno breachofconfidentiality.

The responsiblepersonsareDr.George W. Comstock,Directorof theTrainingCenter
forPublicHealthResearch,Ms. SandraC. Hoffman,Asst.Director,(301-791-3230)andDr.
Kathy J.Helzlsouer,DirectoroftheSpecimen Banks, 410-955-9727.

7. COLLABORAIIVE AGREEMENTS:

This proposalisnot bindinguntila signedagreementisexecutedbetween the3M Company
and Johns Hopkins University.



8. OTHER IRB APPROVALS

N/A

9. SINGLE PROJECT ASSURANCE

N/A

10.PUBLICATIONS

Itis3M's intenttoco-authorinformationwithJohnsHopkins Universityresearchers
derivedfromthisstudy.The detailsofthiswillbe outlinedintheprojectresearchcontract.
Under thisagreementJohns Hopkins Universitywould retaintherighttopublishinformation
from thisstudysolelyforitsown teachingand researchpurposes.

11. PROPREETARY DATA

Proprietaryinformationwillbe addressedinthefmalagreemnt signedbetween the3M
Company and Johns Hopkins University.

12.BUDGET
ne budgetforthework contributionoftheinvestigatorsfromJohnsHopldns University

isattached.

Personnel(On-campus)
Num Role on Pro] Ratefiw T.OW*
Kathy Helzlsouer Principalinvestigator $1,000 $30,000
Han-Yao Huang Co-investigator 500 45,000
GloriaZepp Secretary 200 18,000
TotalOn-Campus Personnel $93,000

Personnel(Qff-campus)
Sandra Hoffman Projectcoordinator $ 400 $ 4,000
ClaraKrumpe' LaboratoryTechnician 300 18,000
JudithBolton Data manager 250 5,000
TotalOff-Campus Personnel $ 27tOOO

Serum Bank Maintenance Costs
(Maintenance, electricity,replacements)

Cost Per ParticipantSample $225.00 x 300 samples $ 67,500

Other Expenses
Laboratorysupplies(specimentubes,pipettes) $225-00
Computer Supplies 200.00
Shippingcosts(FedEx. dryiceshippingcontainers) 150.00
TotalOther Expenses $ 5

ToW Project Costs (Johns Hopkins University) $188,075
Totalisan estimateof time tocompletework.



Travelcostsby Johns Hopkins Universityinvestigatorswillbe billeddirectlyto3M. All
otherresearchstudycosts(e.g.,analyticalcostsby NorthwestBioanalytical)willbe paid
by 3M.
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IdentificationofFluorochemicalsinHuman Tissue

Theobjcetiveofthisstudyistodeterminetheconcentrationratios,inhumans,ofliverto

serum,livertobileand biletoserum forperfluorooctanesulfonate(PFOS). An

applicationforsecuringliver,gallbaldder,bileand serum from donorswas approvedby

theInternationalInstitutefortheAdvancement ofMedicine(ILAM). HAM isa non-

profitorganizationwhose purposeistofaciliatetheplacementofnon-transplantable

human organsand tissuesforbiomedicalresearchandeducation.Alltissuesareprocured

withtheinformedconsentofthedonor orthedonor'snextofkin,inaccordancewiththe

Uniform AnatomicalGiftAct. Donors may be from anywhere intheUnitedStatesand

Canada. Itisestimatedtotakeapproximately1 yeartosecuretissuesfrom 12 donors.A

finalreportshouldbe availableby March 1,2001.



CorporateOccupationalMedicine Section/EpiderniologyUnit
ProposaltoEHS&R Committee
3/l/98

Title:IdentificationofFluorochemicalsinHuman Tissue

Purpose:Evidence thatorganiccompounds containingtheelementfluorinechemically
bonded tocarboncanbe found inhuman blood hasbeen known formore than30 years.
Withinthepast12 months itwas estimatedthatserum PFOS (perfluorooctanesulfonate)
levelsarewithinthe20 to 50 ppb rangeinthegeneralpopulation.Thisisprimarilybased
on pooledserum samples. AlthoughPFOS isknown toconcentrateintheliverand to
undergo enterohepaticcirculation,we do notknow what tissueconcentrationsmay be
among humans. The purposeofthisstudyistodeterminethelevelofseveral
fluorochemicalsfrom theserum,liverand bileofthesame individual(human).

Signiricance:Determinationofthetissueconcentrationsofselectedfluorochemicalswill
providefora more specificunderstandingofthedistributionofthesecompounds inthe
human. The ratiooflivertoserum,livertobileand biletoserum willbe compared to
dataobtainedfrom studiesinnonhuman primates.Ultimately,thesedatawillbe usedin
definingand confirmingassumptionsnecessaryinhuman healthriskassessment.

Objectives:The objectiveofthisstudyistodeterminetheratioofliver:serum,liver:bile
and bile:serumtothefollowingfluorochemicals:PFOS, PFOSA, PFOSAA, M570,
M556, PFHS and POAA among 12human donors.Totalorganicfluorinewillalsobe
analyzedshouldanalyticalmethods permit.

Protocol:An applicationforsecuringliver,gallbladder(bile)and serum from donors
willbe submittedtotheInternationalInstitutefortheAdvancement ofMedicine(IIAM).
IIAM isa non-profitorganizationwhose purposeistofacilitatetheplacementofnon-
transplantablehuman organsandtissuesforbiomedicalresearchandeducation.IIIAMis
a divisionofthePennsylvaniaRegionalTissueand TransplantBank, an inspectedand
accreditedprogram which meets orexceedsalloftheFood & Drug Administration
(FDA) and theAmerican AssociationofTissueBanks standards.Alltissuesareprocured
withtheinformedconsentofthedonororthedonor'snext-of-kin,inaccordancewiththe
Uniform AnatomicalGiftAct. Proofofdonorconsenttotheapplicant(i.e.,3NI)isnot
alwayspossiblebecauseitmay involvethephotocopyingofprivilegedinformation.
However, a donor identificationnumber isprovidedtotheapplicant.A copy ofa blank
consentform isavailableupon request.Donors may be from anywhere intheUnited
Statesand Canada. AlldonorsaretestedforFHV, hepatitisB, hepatitisC, HTLV and
syphilis.IIA.,Mprocuresand distributestissueson an investigatorrequestbasis.The
IIAM ApplicationReview Committee reviewseachapplicationforethicalconsiderations,
scientificmeritand feasibility.Upon approval,the3M requestisplacedintherotation
forthetissueof interest.11-AM abidesby U.S.legislationgoverningtheconsentprocess
fororgantissuedonation,theprotectionofhuman subjectsthroughconfidentiality
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(HealthandHuman Services45CFR PART 46)andTitleInoftheNationalOrgan
TransplantAct,which prohibitsthebuyingand sellingoforgansand tissuesexcluding
reasonablereimbursementofexpensesassociatedwithrecoveryand placement

Liverand serum analysesareplannedforanalyticalanalysesusingmethods developed
and/orapprovedby 3M's EnvironmentalLaboratory.The method forfluorochemical
analysisofbileiscurrentlybeingdevelopedinaEuropean laboratoryunder 3M's
EnvironmentalLaboratoryguidance.A totalof 12donorswillbe obtained.HAM
estimatesthattheywillsend1 to3 setsoftissue(liver,gallbladder/bileand serum)to3M
on a monthlybasis.Totalquantityperdonationis:liver(10grams);gallbladder/bile
(intact);andserum(5to10cc).

PI/location/cost:GearyOlsenwillbethePIon thisproject.JeanBurrisandJeff
Mandel areco-investigators.KrisHansen willserveasthecontactwithinthe3M
EnvironmentalLaboratory.Itiscurrentlyexpectedthattheserum analyseswillbe
conductedby NorthwestLaboratory.The 3M EnvironmentalLaboratorywillconductthe
liveranalyses.A European laboratorycurrentlyvalidatinga method forfluorochemical
determinationinthebileofprimateswilllikelyextendthisvalidationtohuman bile.
Approximatetotalcostperdonoris$1665. The distributionofthiscostisthefollowing:
shippingofsample$50;obtainingsamplefrom IIAM $710 (liver,10 grams,$120;
gallbladder/bile,intact,$545;serum,5 to 10 cc,$50);tissuefluorochemicalanalysis
$900 (liver$300;gallbladder/bile$300;serum $300).Totalcostfor12 donors:12x
$1665 = $19,980.Thiscostdoesnotincludethevalidationoffluorochemicalsinhuman
bileby theEuropean Laboratory.

Timeline: IIIAM estimatesthattissuefrom I to3 donorspermonth canbe providedto
3M. Thus,toobtainsamplesfrom 12 donorsmay takebetween 4 and 12 months. Due to
theimmediate need tounderstandthisfluorochemicaldistributionwithinhuman tissues,
sampleswillbe submittedforanalysisupon receiptby 3M. Ifthelastsample isobtained
by theend of a sixmonth timeframe,we estimatea finalreportofall12 donorscanbe
completedwithin90 daysafterreceiptofthelastdonor'stissue.The finalreportwill
includethefluorochemicaltissueconcentrations/levels,descriptionsoftheage,gender,
raceandgeographicallocation(stateor)ofthenonidentifiabledonors,and pertinent
medicalhistoryinformationthatmay be suppliedby IIAM (e.g.,causeofdeatkknown
liverdisease)ofthedonor.
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An EpidemiologicAnalysisoftheInpatientand OutpatientClaimsEvent and
EpisodeExperienceof3M DecaturEmployees,1993-1998

The purposeofthisresearchprotocolisto examinetheCorporateHealthStrategies

Ingenix(CHS) inpatientand outpatientclaimsdatabasesfrom January1,1993 through

December 31, 1998 ofDecaturchemicaland filmplantemployees.Claimsdataarenot

availablefromCHS priorto 1993. The observedclaimsevents(individualclaims)and

episodes(multiplerelatedclaimsgrouped accordingtotheepisodetheyform)willbe

compared to an expectednumber calculatedby indirectstandardizationmethods toadjust

forage and gender.Correctedfortheirdifferentage structures,we willexamine theratio

oftheobservedtoexpectedchemicalplanttotheobservedtoexpectedfilmplant.The

many limitationsoftheanalysisofclaimsdataaredetailedinthestudyprotocol.This

studydesignwas originallyproposedin1998 butwas placed "onhold"toallowforthe

completionoftherandom sampleassessmentofserum fluorochemicalmeasurements of

Decaturchemicaland filmplantemployeesaswellasthecompletionoftheabstraction,

datainputandqualityassuranceoftheDecaturwork historyrecordproject.Both of

theseprojectswere requiredtobe completedpriortotheclaimsanalysisinorderto

providethenecessarysupportinginformationregardingemployee serum fluorochemical

levelsand work historyexperience.Estimateddateofthefinalreportforthisstudyis

September 15,2000.
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ADDENDUM
EPIDEMIOLOGY PROTOCOL

Epidemiology,220-3W-05
Medical Department

3M Company
St.Paul,MN 55144

Date: February27,2000

Title:An EpidemiologicAnalysisoftheInpatientand OutpatientClaimsEvent and
EpisodeExperienceof3M DecaturEmployees, 1993-1998

Addendum Study ProtocolNumber EPI-0004
StartDate:February27,2000 IRB Approval

Exempt Expedited
EstimatedDate of x
FinalReport:9/15/2000

PrincipalInvestigator: Geary W. Olsen,D.V.M., Ph.D.

Co-investigators: JeanM. Burris',R.N.,M.P.H
MicheleM. Burlew,M.S..
JeffreyH. Mandel,M.D.,M.P.H.

StudyDirector: JeffreyH. Mandel,M.D.,M.P.H.

Sponsor: 3M MedicalDepartment,220-3W-05, St.Paul,MN
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INTRODUCTION

Thisepidemiologystudyprotocol(Epi-0004)was placed"on hold"in1998 while

two supplementalresearchactivitiesclarifiedthepotentialdifferencesinfluorochemical

exposureamong employees attheDecaturchemicaland filmplants.These two research

endeavorswere the"FluorochemicalExposure Assessment ofDecaturChemical and

Film PlantEmployees (EPI-0006)"and theabstraction,datainputand qualityassurance

oftheDecaturwork historyrecordproject.As a resultofthesetwo researchactivities,

thisstudy'smethods have been modifiedand improved.Therefore,thisAddendum

supplantstheoriginalstudyprotocol.The purposeofthisrevisedresearchprotocolisto

examine theCorporateHealthStrategiesIngenix(CHS) inpatientand outpatientclaims

databasesfrom January1,1993 throughDecember 31,1998 ofDecaturchemicaland

filmplantemployees.The observedclaimseventsand episodes(asdescribedbelow)will

be compared toan expectednumber calculatedby indirectstandardizationmethods to

adjustforageand gender.Providedbelow isa detaileddescriptionofthestudymethods.

METHODS

DescriRtionofCHS

CHS islocatedinNew Haven, Connecticut.CHS createsand updateshealth

claimsandrelateddatabasesfor3M and many othercompanies. CHS usesParallaxe

softwareforitsanalyticalinterface.CHS alsoprovidesanalyticconsultingservicestoits

member companies which willbe usedinthisstudy.CHS willserveastheonlyclaims

dataresourceto3M forthisresearchstudy.

I
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DescriRtionofCHS inratientand outratientdatabases

There areseveralCHS databases.These include:1)themonthlycostand

utilizationdatabase;2)thefocusedMSR database(allowsdetailedinvestigationoftrends

found inmonthlycostand utilization;3)theeligibilitydatabase;4) theprescriptiondrug

database;5)theinpatientdatabase;and 6)theoutpatientdatabase.CHS canonlyprovide

claimsdataforDecaturemployees who have chosenthe3M Medical Planor

BlueCross/BlueShieldofAlabama. Beginningin1996,3M Decaturemployeeshad the

optionofchoosingan HMO; tothebestofourknowledge,few (<50)have done so. It

appearsthatequalpercentagesofchemicaland filmplantemployees choose HMO

coveragealthoughwe suspecta greaterpercentageofyoungeremployees chooseHMO

coveragethanolderemployees.

The formationofa completeinpatientrecordincludesthehospitalrecordand the

physicianrecord.There ar-e27 Major DiagnosisCategories(MDCS) [CHS, 1993].

There areapproximately500 DRGs which aresubcategoriesofthe27 MDCS. DRGs

were developedatYale Universityand groupsimilarpatients.Diagnosiscodes(ICD-9)

can also be obtainedfrom thehospitalrecord.The MDCs thatareofparticularinterest

inthisstudyarethefollowing:

MDC I Nervous System
MDC 4 RespiratorySystem
MDC 5 CirculatorySystem
MDC 6 DigestiveSystem
I%MC 7 HepatobiliarySystem and Pancreas
MDC 10 Endocrine,Nutritionaland Metabolic
I%MC II Kidney & UrinaryTract
MDC 12 Male Reproductive
MDC 13 Female Reproductive
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NMC 14 Pregnancy,Childbirth& Puerperium
MDC 15 Newborns and OtherNeonates
MDC 16 Blood and Immunological
MDC 17 Myeloproliferativeand otherneoplasms

From theseMDCs more specificDRGs and even more specificICD-9 codes can be

selectedforcomparativeanalysiswiththenormativedatabases.The inpatientclaims

databasecan be analyzedforallclaimsfrom January1,1993 (CHS's contractwith3M

began atthistime)throughDecember 31,1998.A singlehospitalizationresultsinonly

one DRG and MDC code despitethepossibilitytherecouldbe one ormore diagnoses

made duringhospitalization.Itisalsoimportanttorecognizethatmultipleinpatient

claimsofa singleDRG may representone employee ormore thanone employee withthe

same DRG. Thus,each inpatientclaimcannotnecessarilybe consideredan incident(i.e.,

new) orprevalencediagnosisduringthe,studytimeperiod.Rather,thisanalysisshouldbe

viewed asan evaluationoftheexistenceofinpatientclaimeventsfrom January1993

throughDecember 31 1998. Itwillbe possible,when necessary,todeterminehow many

individualscontributedtothenumber ofclaimeventsfora l@MC ora DRG. Thiswillbe

helpfulindatainterpretationwhen anexcessofobservedclaimsisreported

Most physician-diagnosedillnessesdo notrequirehospitalization.Therefore,we

willalsoexamine,forthesame timeperiod(1/1/93-12/31/98),theCHS outpatient

claimsdatabase.As withtheinpatientrecords,an employee may have one ormore

outpatientrecordsofthesame ICD-9 code. Furthermore,a claimmay notrepresenta

physiciandiagnosisasoutpatientICD-9 codes may be usedasa suspecteddiagnosiscode

intheorderingof medicaldiagnosticproceduresforwhich a claimisfiled.Thus,each

outpatientclaim,likeinpatientclaimscannotnecessarilybe consideredan incident(i.e.,
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new) orprevalencediagnosisduringthestudytimeperiod.Rather,thisanalysisshould

be viewed asan evaluationoftheexistenceofoutpatientclaimeventsfrom January1993

throughDecember 31 1998. Itwillbe possible,ifnecessary,toidentifythenumber of

employees pereach ICD-9 code.Finally,itshouldbenotedthatthesame personcould

have severalclaimsforthesame diagnosisinboththeinpatientand outpatientdatabases.

The thr-eedigitICD-9 codes thatwillbe examined foroutpatientclaimsarethe

following:

ICD-9 Code DescriRtion
140-239 Neoplasms
240-279 Endocrine,Nutritional,Metabolic,Immunity
280-289 Blood and Blood-FormingOrgans
320-389 Nervous System and Sense Organs
390-459 CirculatorySystem
460-519 Respir-atorySystem
520-579 DigestiveSystem
580-629 GenitourinarySystem
630-676 Pregnancy,Childbirthand thePuerperium
710-739 MusculoskeletalSystem and ConnectiveTissue
740-759 CongenitalAnomalies
760-779 ConditionsinthePerinatalPeriod
780-799 Symptoms, Signs,andIII-DefinedConditions

Should itbe necessary,an analysisofthefourthdigitoftheICD-9 code isfeasible.

Inpatientclaimeventsregardingnewborns areassignedtotheemployee.

Neonates (lessthan30 daysofage)generally,butnotalways,have theirinpatientand

outpatientclaimsassigneddirectlytotheemployee'srecord.By 30 daysofage,most

infantshave theirown separaterecordsand arethendefinedasan employee dependent.

Employee dependentrecordswillnotbe examined.
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Claims eventdataby itself,asdescribedabove,arenotan idealrepresentationof

clinicaleventswhen directlyused.To betterunderstandthetreatmentofdiseases,

individualserviceswiththeirrespectivediagnosiscodes shouldbe linkedtogether

accordingtologicthatcombines clinicalexpertiseand detailedknowledge of

administrativedata.When claimsrecordsarelinked,theycan form diseaseepisodes,

which representalltheservicesprovidedforthediaposis,treatment,and management of

a diseaseorcondition.Thus,where individualclaimsdatarepresentan "event",claims

datathatisgrouped by diagnosis,treatmentand management ofa diseasecan represent

an "episode."

Because ofCHS's recentmerge with Ingenix,Inc.,CHS now hasaccesstoCCG

software.Thissoftwaregroupsallvisits,procedures,ancillaryservices,and prescription

drugsused inthediagnosis,tr-eatment,and management ofmore than400 diseasesor

conditions.An episodecanbe considereda constellationofone ormore claimsdata

recordsrepresentingan occurrenceofa diseaseorconditionfora particularindividual.

An episodeisassignedtoa CCG Class.A CCG Classhave severalimportantqualities.It

is:1)clinicallyhomogenous; 2)exhaustive;3)belongtoa diseasehierarchy;and 4)is

classifiedas achronicoracutecondition.SeveralCCG Classesconstitutea CCG

Category.SeveralCCG Categoriesconstitutea SpecialtyCategory.Altogether,thereare

442 CCG Classesthatfallinto103 CCG Categoriesand 20 SpecialtyCategories.The

CCG softwareprovidesa summary outputfilewithone recordperepisode.The

methodology on how theCCG softwareworks isdescribedelsewhere[Valdiviaand Van

I
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Vorst,20001. Forthepurposeofthisstudy,theCCG softwarewillbe utilizedtodescribe

theepisodeexperienceofthestudycohorts(describedbelow).

DecaturStudyPot)ulation

The initialstudypopulationconsistsofallfull-timeand inactiveemployees atthe

Decaturplantasidentifiedinthe3M epidemiology'sDecaturwork historydatabaseasof

January1,1993. Employees hired,transferredtoa non-Decatursiteorterminatedduring

theintervaloftimefrom I/l/93through12/31/98willhave theirclaimeventanalyses

limitedtotheirtimeofemployment. Full-timeactiveemployeeswho retiredorwent on

long-termdisability(LTD) withinthesixyearintervaloftime(1993- 1998)willbe

followedthrough12/31/98.However, itshouldbe recognizedthatemployeesplacedon

LTD areeligibleforMedicare after18 months;thereafter3M becomes thesecondary

provider.Employees who retirepriortoage65 may have3M astheprimaryinsurance

provider.Medicarebecomes theemployee'sprimaryproviderupon reachingthe

employee's65h birthday.

CohortSize

Based on areviewoftherecentlycomputerizedepidemiologyDecaturwork history

database,thenumber ofemployees eligibleforthisstudyarethefollowing(percentsin

parentheses):
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Category Chemical Film

All Employees 652 659

Gender
Male 530(81) 558(85)
Female 122(19) 101(15)

Age
<30 59(9) 36(6)
30-39 124(19) 82(12)
40-49 238(37) 194(29)
50-59 182(28) 267(41)
>=60 49(7) 80(12)

Average age 45 years 49 years

"Egh" exposurejob* 498(76) 490(77)*

Only worked inchemical(film)plant* 388(60) 424(64)

Worked onlyinchemical(orfilm)
plantand.atleast,from 1983-1998 176(27) 269(41)*
referstocomparablenon-exposedjobsinfilm(i.e.,operators,maintenanceand
supervisors)similartothosejobsinchemicalwhich were considered"high"exposure
(seetextfordefinitionof"high").
*referstochemicalemployeeswithno work experienceinfilmafter1/l/83and film
employeeswithno work experienceinchemicalafterI/l/83.

Data Analysis

ClaimsEvents

For eachyearfrom 1993-1998,thechemicaland filmplantcohortswillbe

identifiedinordertocalculatetheobservedand expectedinpatient(NOC, DRG) and

outpatient(ICD-9)claimsexperience.The overallclaimeventsexperience,foreach

MDC, DRG and ICD-9 code,isthesum oftheindividualsixyearsofobservedand
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expectedexperience.Employees who chose an HMO in1996,1997 and 1998willbe

excludedfrom theanalysesfortheyear(s)theyhave HMO coverage.

Analysisoftheclaimeventsexperiencewillbe examined by whetherthe

employee isconsidereda chemicalplantorfilmplantemployee. Each employee'swork

historyrecordhasbeen examined by theinvestigators(JMB, GWO, NUVM) todetermine

whethertheemployee: 1)everworked inchemical,filmorboth;2)worked inchemical,

filmorbothduringtheclaimsanalysistimeperiodofJanuary1,1993 throughDecember

31,1998;and 3)worked continuouslyinchemicalorfilmfortheentire10 yearspriorto

thebeginningoftheclaimsanalysistimeperiod.For employeeswho have worked in

bothplants,theirrecordswere reviewedtoidentifywhich planteachemployee primarily

worked atinhis/hercareeratDecatur.Both chemicaland filmplantemployeeswillbe

subdividedintheanalyses(seebelow)astowhethertheyhave,orhave not,worked in

theotherplant.The majorityoffilmplantemployeeswithpriorwork experienceinthe

chemicalplantworked atthechemicalplantfora shortperiodoftime(Ito3 months)

and thisusuallyoccurredduringthefirstyearoftheiremployment. Filmplantworkers

were employed,on average,25 years.Likefilmplantemployees,many chemicalplant

employees have worked atthefilmplantatthebeginningoftheircareer.Inaddition,

employees who have site-wideresponsibilities(thosewho may work inbothchemical

and filmsuch asenvironmentalhealthand safetyspecialists)were assignedtothe

chemicalplant.

Each employee was assignedajob titlewhich describedtheperson'susualjob

activitywhilea Decaturemployee. Thesejob titleswere:boileroperator,environmental

healthand safetyspecialist,engineer,milloperator,maintenance,officeworker,operator,
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qualitycontrolworker,shippingclerkand supervisor.Based on thefindingsfrom the

Decaturexposureassessmentstudy(Olsenetal.,1999),maintenanceworkers,operators

(includescell,chemical,milland waste)and supervisorsinthechemicalplanthad

significantlyhigherserum fluorochemicallevels[e.g.,approximategeometricmean of I

to2 ppm ofPFOS (perfluorooctanesulfonate)and/orPFOA (perfluorooctanoicacid)]

thantheotherjobcategories(approximategeometricmean levelsof0.2to0.5ppm for

PFOS and/orPFOA). Therefore,thesetwo jobgroupswillbe thehighand low

fluorochemicalexposurecategoriesinthechemicalplantanalyses.Allchemicalplant

workers,regardlessofjobtitle,were found tohave,on average,significantlyhigher

serum fluorochemicallevelsthanemployeesassignedtothefilmplant.The geometric

mean forfilmplantemployees approximated0.1ppm PFOS and lessthan0.1 ppm for

PFOA. Thus,thefilmplantworkersareconsideredtobe theleastexposed and willbe

consideredthecomparisonpopulation.

The observednumber ofclaimsbasedon MDC'S, DRG's and ICD-9 codeswillbe

compared toan expectedvalueusingindirectstandardizationmethods [Tsaiand Wen, 1986]

toadjustforage(<40,40-49and>=50) and gender(male,female).Two normativedatabases

willbe usedtocalculatetheexpectednumber ofclaims:1)theentireU.S.3M population

excludingtheCottageGrove (locationcode = 064)and Cordova(locationcode = 034)sites

duetotheirfluorochemicalproductionactivities;and2)theU.S.3M populationexcluding

employeesattheSt.Paul(locationcode = 089),Woodbury (locationcode = 343),Cottage

Grove (locationcode = 064)andCordova (locationcode= 034)sites.The latterdatabase,

hereaftercalledthe3M manufacturingplantnormativedatabase,willbe developedto

providea normativedatabasethatwould likelybe more representativeof3M manufacturing

I
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plantemployeesasitexcludestheSt.Paul3M Center(corporateand researchemployees).it

alsoexcludesthedowntown St.Paulmanufacturingplantasthe3M St.Paulsitesuse the

same locationcode (089).A thirdnormativedatabase,whichconsistsofothercompanies

thatbelong totheCHS aggregatedatabase,was notconsideredappropriatetouseby CHS

staffbecausethedifferenthealthinsuranceplansthattheseothercompanies usemay greatly

influencethelikelihoodofhospitalization.Thisisespeciallytruewhen studyingsmall

populationssuchas thoseidentifiedinthisDecatur study.

StandardizedClaimsRatios(SCR) forMDCs (inpatient),DRGs (inpatient)andICD-

9 codes(outpatient)willbe calculated.The SCRd@e.,ijistheratiooftheobservedto

expectedclaimsexperienceforthechemicalplant.The SCRfilmistheratiooftheobservedto

expectedclaimsexperienceforthefilmplant.Ninety-fivepercentConfidenceIntervals

(95% Cl)oftheSCRche,@,wandSCRfil.willbe calculatedusingmethodsdescribedby

Rothman and Boice[1979].However,theestimatethatismost importantistheratioofthese

two indirectstandardizedratioswhich we willdefineastheClaimsEventRatio:

CER = SC&he..i.,/SCRfilm

The directcomparisonoftwo indirectstandardizedratios(e.g.,StandardizedMortality

Ratios)can bemade onlyiftheagestructuresaresimilarorage-specificmortalityratiosare

homogeneous. Because thechemicaland filmplantpopulationshave somewhat differentage

structuresusedforindirectstandardization(seecohortsizeabovewhich shows chemical

plantemployeesaresomewhat youngerthanfilmplantemployees),theSCRs forthe

chemicaland filmplantpopulationsarenotnecessarilydirectlycomparable.We willusethe

methods by Tsaiand Wen (1986)tocompare whethertheratiooftwo indirectstandardized

ratios,correctedfortheirage structure,issimilartoan unadjustedratio.The ratiooftwo
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indirectstandardizedratios,uponcorrectionfortheiragestructuredifferences,canbe

consideredanunbiasedestimatorofariskratio[TsaiandWen,1986].

CERc.ctw= SCR,@he.@@:.I..ted/SCRfil.-,r..oe.d

EachagecorrectedSCR isnotmeaningfulbyitself,onlytheratio,CER.,,,W,oftwo

correctedSCRS.AlthoughTsaiandWen suggestthattheconfidenceintervalofCER,.,,,,t@d

canbecalculatedusingtheproceduresdevelopedbyEdererandMantel(1974)fortheratio

oftwoPoissonvariables,suchmethods,infact,cannotbeused.UnlikeCER whichisa

Poissonvariable(sumObsd.-3 ge .p, /sum Obsfil.-3 ge .p,) Multipliedby aconsmnt(sum

ExPfilm-3agegroups/sumExPcbem-3agegroups),thecalculationofaconfidenceintervalfor

CERc.r,e,,wisnotreadilyapparentaseachObscon-@.ed-chedObsc,@ed-r,,.subgroup (n= 3 age

groups)isnot aPoisson variableand neitheristhesum (personalcommunication,Dr. Tim

Church, biostatistician,UniversityofMinnesota). Therefore,our analysisstrategywillbe to

calculateboth CER and a CERc.,r,,,ed.Ifthetwo ratiosarerelativelysimilar,which we

suspecttheywillbe giventhefactthattheirage structuresarenotsubstantiallydifferent,then

we willonlycalculatetheconfidencelimitofCER (SCRchnicdSCRfiln)using themethods

proposed by Edererand Mantel (197). We willcalculateCER and CE&.recledforthose

inpatient(MDC and DRG) and outpatient(ICD-9) claim categorieswhere therearetwo or

more observed claimsineitherthechemicalor filmplantpopulations.

Because ofconfidentialityconcernsregardingemployee medicalinformation,the

identificationoftheinpatientand outpatientclaimsexperienceisknown onlyby CHS.

Therefore,thecohortsmust be establishedby 3M priortothedeterminationof theclaims

data.Record linkagewith theCHS claimsdata willincludethe employee's name,

gender, socialsecuritynumber, employee number and dateofbirth.
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The observedand expectedinpatientand outpatientclaimsexperience(andtheir

SCRS, CERs and CERs,.r,,,ed)willbedeterminedforseveralcohorts(excludingthose

individualswho haveHMO coverage).These willincludethefollowingcomparisons:

1)allchemicalplantworkers(n= 652)comparedtoallfilmplantworkers(n= 659);

2)allchemicalplantworkerswho neverworked infilm(n= 388)versusallfilm

plantworkerswho neverworked inchemical(n= 424);

3)all'high'(definedabove)exposurechemicalplantworkerswho havenotworked in

filmforatleastsinceJanuary1,1983,ifever(n= 498),compared totheirjob

counterparts(considered'leastexposed')inthefilmplantwho havenotworked in

chemicalforatleastsinceJanuary1,1983,ifever(n= 490,thiswould include

operators,supervisorsand maintenanceworkersinthefilmplant);and

4)alllong-term'high'exposurechemicalplantworkerswho have notworked infilm

sinceatleastJanuary1,1983,ifever(n= 211),compared totheirjob counterpartsof

leastexposed'workersinthefilmplantwho havenotworked inchemicalsinceat

leastJanuary1,1983,ifever(n= 345);

ClaimsEpisodes

Comparable indirectstandardizationtechniques,as describedabove fortheclaims

eventsdata,willbe usedtoanalyzetheclaimsepisodedataderivedfrom theCCG software.

We willutilizethesame two 3M normativepopulationsforcalculationofexpectedvalues.

Basically,insteadofcalculatingan observedtoexpectedratioofclaim'events',we will

calculatean observedtoexpectedratioofepisodesbasedon theCCG software.Inother

words:CEPR = SCEPRt,@ni.I/SCEpRfil.)where CEPR = Claims EpisodesRatio;SCEp&h,n-@,w

StandardizedEpisode Claims Ratioforchemical;and SCEPRfitm= StandardizedEpisode
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ClaimsRatioforfilm.The CEPR willincludethe CCG Class,CCG Categoryand Specialty

Categoryepisodes.

AdditionalStudyLogistics

JenniferBilodeauand Doug BateswillcoordinatetheCHS aspectsofthisproject.

Geary Olsenwillserveasthe3M principalinvestigator.JeanBurris,MicheleBurlew

and JeffMandel willserveas3M co-investigators.For eachcohortthat3M provides,

CHS willdeterminetheobservedand calculatetheexpectednumber ofclaimsby MDC

(inpatient),DRG (inpatient),ICD-9 (outpatient)codesaswellastheCCG Classes,CCG

Categoriesand CCG SpecialtyCategories(asdiscussedabove)pereach age group and

gender.Calculationof theSCRch,., SCRffl.and CER (andtheirassociated95%

confidenceintervals)willbe performedby 3M investigatorsaswellasthecalculationof

theSCRchem-corrected, SCRfit..ctd and CER ..ctw.The titleoftherevisedstudyprotocol

ischanged(fromtheoriginalprotocol)toincludeoutpatientclaims,claimepisodesand

extendthestudytimeperiodone additionalyear(through1998).

OualityAssurance

This studyprotocol,any addenda totheprotocol,dataanalyses,and a copy ofthe

finalreportwillundergo a QualityAssuranceaudit.Permanent recordsofallotherdata

generatedduringthecourseofthisstudyaresubjecttoprivacyand confidentiality

considerations.Alldatagatheredorgeneratedincludingprotocoladdendum and the

finalreportwillbe archivedby theMedicalDepartment,3M Company, St.Paul,
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Minnesota.Upon reviewand approvalof thefinalreport,studyresultswillbe

communicated totheDecaturemployees.

DISCUSSION

The purposeofthisstudyistoexamine theinpatientandoutpatientmedicalclaim

eventexperienceofDecaturchemicaland filmemployees from January1,1993 through

December 31, 1998. Sincethewritingoftheoriginalstudyprotocol,softwarebecame

availabletoalsoanalyzeclaimsdataintoepisodes.The overallhypothesisisthatthe

inpatientand outpatientclaimseventexperienceaswellastheepisodeexperienceis

comparablebetween employeesofthe3M Decaturchemicaland filmplantswho differin

theirserum fluorochemicalmeasurements by,on average,one orderofmagnitude,butdo

notdifferintheiraccesstothesame medicalcaredeliverysystem (i.e.,theDecatur

medicalpracticesavailabletothem).With thecomputerizationoftheDecaturwork

historydatabase,we can alsorestricttheclaimsanalysistothosechemicalplant

employees who haveworked solelyinthechemicalplantforatleast10 yearsprior

(startingI/l/83)totheclaimsanalysistimeperiodinjobsthatareconsideredtohavethe

highestpotentialofexposure.

...This claimeventanalysiscanprovidea much broaderperspectiveofpossible

employee healthoutcomes thana retrospectivecohortmortalitystudy,especiallyin

instances,suchasthis,where employees'serum fluorochemicalexposurelevels,basedon

findingsfrom toxicologystudies,would notsuggestan increasedriskformortality.We

can alsoaddresssome questionsoffemalechemicalemployees aboutthepotentialeffect,

ifany,of placentaltransferoftheiroccupational-derivedfluorochemicalserum levels.

I
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The CHS claims eventdatawillallowforan evaluationoftheclaimeventsrelatedto

childbirthand theneonatalperiod.We arenotcertainwhethertheCCG episodesdata

willprovidedataregardingtheneonatalperiod. The analysisofclaimsdataisless

subjectivethandirectemployee interviewsthatwould lacktheextremelytime-consuming

validationofself-reportsthrougha medicalrecordreview.The studydesignalso

maintainstheconfidentialityofemployees'medicalclaimsdata.

There areseverallimitationsthatmust be understood.Firstand foremost,an

analysisofcwms datashouldnotbe considereda studyofrisk(i.e.,theprobabilityof

diseaseinan 'exposed'group compared totheprobabilityofdiseaseinan 'unexposed'

group). Claimsdata shouldnotbe consideredincidenceorprevalencedata.Rather,the

studyshouldbe viewed asan analysisofthecomparisonofmedicalclaimeventsbetween

two populations(chemicaland film).A claimdoesnotmean thatitrepresentsan

accuratediagnosticdescriptionofthereasonforthehospitalizationortheoutpatientvisit.

As previouslydiscussed,ICD-9 codesforoutpatientclaimsmay be relatedtothereason

why a procedurewas done,notbecausethediagnosiswas made astheresultofthe

procedure.The claimsepisodesdataalsodoesnotprovideinformationregarding

incidentrisk.Itmay, however, providea reasonableprevalencedescriptionduringthe

sixyeartimeperiod.The employees'claimeventandepisodeexperiencewillonlybe

examined fora recent6 yeartimeperiodata chemicalplantthatbegan fluorochemical

productionintheearly1960's.Itisnotpossibletoconducta comprehensivelongitudinal

analysisofclaimeventsand episodesdata. The studyisalsolimitedwithinthe6 year

timeframe aswe can examine onlyfortheexistenceofclaimsdataforindividualswho

remainfull-timeactiveemployees orareinactiveemployees between 1/1/93and
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12/31/98.Theclaimeventandepisodeexperienceofemployeeswhosubsequentlyquit,

terminatedortransferredduringthesixyearsarenotconsidered.Employees who are

placedon LTD willlikelyonlyhaveclaimeventsreportedby CHS forthefirst18

months asMedicare would thentakeoverastheprimaryprovider.Likewiseclaimevent

and episodeexperienceof thoseindividualswho retireand reachtheageof65 willlikely

notbe observedastheseindividualsareprimarilycoveredby Medicare. Part-timeand

summer employees aswellascontractors'employees arenotincludedintheanalysis.

Anotherlimitationisthesmallsizeofthestudypopulation(totalof652 chemicaland

659 filmplantemployees).The person-yearswillbe furtherreducedby theexclusionof

thoseemployees who have chosenHMO coverage.

Despitetheabove shortcomings,thisclaimeventand episodeanalysiscan

provide3M Decaturemployees a betterperspectiveastowhetherthehealthexperience

ofchemicalplantemployees,asmeasured by theexistenceofCHS claimsinformation,is

significantlydifferentthantheclaimsexperienceoffilmplantemployees. Additional

investigationscan be designedshouldtherebe significantlymore observedthanexpected

claimseventsand/orepisodesforchemicalthanfilmplantemployeesforspecificMDC,

DRG, ICD-9 and CCG codes.
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ABSTRACT

3M manufactures products which containchemical compounds, eitheras intentionalcomponents

or residualimpurities,thathave asa parentmolecule,perfluorooctanesulfonylfluoride(POSF).

These compounds may be expected totransform metabolically,toan undetermined degree,to

PFOS as an end-stage metabolite.Other compounds manufactured by 3M include ammonium

perfluorooctanoate(PFOA) and perfluorohexanesulfonicacid(PFHS). These molecules entera

number of product applications(e.g.,surfactants,food packaging additives,polymers).

The biologicaleliminationratesof fluorochemicalshave been studiedinrats,pregnant rats,

female rabbitsand hamsters. Biologicalhalf-liveshave been calculatedfrom the studiesinrats

and dogs. In addition,thehalf-lifeof serum totaiorganicfluorinein a fluorochemicalworker

was estimatedusing serialcollectionsof serum totalorganicfluorine.These studiesrevealthat

PFOS and PFOA may persistinthe body forprolonged periods,and with continuingexposure,

accumulate over time inbiologicalsystems.To date,theactualeliminationhalf-lifeof

perfluorooctanesulfonate(PFOS), ammonium perfluorooctanoate(PFOA), perfluorohexane

sulfonicacid(PFHS), and totalorganicfluorine(TOF) inhuman serum isnotcompletely

understood. The objectivesof thisstudyare toquantitatetheeliminationhalflifeinhuman

serum of PFOA, PFOS, PFHS, and TOF. These half-liveswillbe calculatedfrom declinesin

serum fluorochemicallevelsin3M Decatur Chemical PlantRetirees.
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INTRODUCTION

3M manufacturesproductswhich containchemicalcompounds, eitherasintentionalcomponents

orresidualimpurities,thathave asa parentmolecule,perfluorooctanesulfonylfluoride(POSF).

These chemicalsinclude:perfluorooctanesulfonate(PFOS),N-ethyl

perfluorooctanesulfonamide,N-ethylperfluorooctanesulfonamidoethanol,N-methyl

perfluorooctanesulfonamidoethanoland chemicalsderivedfrom it,and themixtureofmono-, di-

andtri(N-ethylperfluorooctanesulfonamidoethyl]phosphates.There may be otherprecursor-sin

theworkplace,includingperfluorohexanesulfonylfluoride(PHSF). These moleculesentera

number ofproductapplications(e.g.,surfactants,foodpackagingadditives,polymers).These

compounds may be expectedtotransformmetabolically,toan undetermineddegree,toPFOS

(andPFHS) asan end-stagemetabolite.Potassiumperfluorooctanesulfonate(CgFl70SO2K) is

itself,a surfactantused as a wettingand foaming agentinindustrialand commercial processes.

(Olsen,etal.,1998)

Subchronicstudiesinratsand primatessuggesttheremay be apotentialforcumulativetoxicity

withPFOS over timewith theprimaryeffectrelatedtometabolicwasting..-Thesemoleculeshave

longeliminationhalflivesinbiologicalsystems.Althoughthemechanism oftoxicityisnotfully

understood,toxicitymay be due toan effecton peroxisomeproliferation,fattyacidmetabolism,

membrane function,proteinsynthesisand/ormitochondrialbioenergetics.(Olsen,etal.,1998)

The biologicaleliminationratesoffluorochemicalshavebeenstudiedinrats,pregnantrats,

femalerabbitsand hamsters.Biologicalhalf-liveshavebeen calculatedfrom thestudiesinrats

and dogs.In addition,thehalf-lifeofserum totalorganicfluorineina fluorochemicalworker
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was estimatedusingserialcollectionsofserum totalorganicfluorine.These studiesrevealthat

PFOS and PFOA may persistinthebody forprolonged periods,and with continuingexposure,

accumulate over time in biologicalsystems. To date,theactualeliminationhalf-lifeof

perfluorooctanesulfonate(PFOS), ammonium perfluorooctanoate(PFOA), perfluorohexane

sulfonicacid(PFHS), and totalorganicfluorine(TOF) inhuman serum isnotcompletely

understood.

The objectivesof thisstudy aretoquantitatetheeliminationhalflifeinhuman serum of PFOA,

PFOS, PFHS, and TOF; thesehalfliveswillbe calculatedfrom declinesin serum fluorochemical

levelsin 3M Decatur Chemical PlantRetirees.This informationisnecessaryin orderto:1)plan

the most appropriateperiodicityofmedical surveillanceand 2) guide medical decisionmaking of

workers from fluorocheznicalproductionfacilitieswhen thoseworkers' serum fluorochemical

levelsare determined to be unsafelyelevated.A benefitofthisresearchwil.1be to understand the

naturalhistoryof fluorochemicalexcretion.

LITERATURE REVEEW

AMMONIUM PERFLUOROOCTANOATE (PFOA orFC- 143)

Excretion ratesof PFOA have been observed inmts, and found tobe differentby gender and

routeof excretion.Following singlei.v.doses of 14C-FC-143 (carbonylcarbon labeled)inrats,

Johnson etal,found thatfemales excretedvirtuallyallthe administered 14C withinIday.

Urinaryexcretionformales was about50% ofthedose by day 6 and 83% by day 36. Fecal '4C

excretionforfemales was 1.5% by 3 days and formales was 5.4% by 36 days. (Johnson,etal.,
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1980) Rapid urinaryexcretionof 14C
followingoraldoses of 14C_FC- 143 was alsoshown to

occur inpregnantrats.(Johnson,etal.,1983)

Excretionratesvary by speciesstudied.Excretionof radiolabeledPFOA was studiedinfour

speciesby Dupont in 1988. Excretion asa percentageof administereddose 120 hours after

dosing was inthe followingorder;femalerat,male and female rabbitand male hamster (> 99%);

female hamster (60%); male rat(39%); male and female n-@ce(21%). (Dupont, 1988) Of note,

theadministereddose and routesofexposure and excretionwere not specifiedinthisstudy

report.

Rats and dogs respond tophannacologic interventionsthatchange PFOA excretionrate.In male

ratsadministeredsinglei.v.doses of 14
C-FC-143 (carbonylcarbon labeled)cholestyramine(4%

w/w infeed)increasedcumulative 15 day fecal14C:excretion9.8-foldversuscontrols..Total '4C:l

excretion(fecesplusurine)was alsoenhanced, although lessdramatically(84.3% of dose vs.

71.8% forcontrols).(Johnson,eta].,1980a;Johnson JD, etal.,1984) There isno difference

between the renalclearancesof '4C inmale and female dogs eitherbeforeor afterprobenecid.

Probenecid significantlyreduces PFOA clearancein dogs. Glomerular filtrationratesof PFOA

were simflarinratsand dogs. (Hanhijarvi,etal.,1988)

Eliminationhalf-lifehas been calculatedunder numerous conditionsin ratsand dogs. The results

show the same differentialeliminationrateinratsby gender (i.e.,female > male),as wellas half-

lifedifferencesby routeof exposure and species.Following a singleoraldose of 14C_FC-143

(carbonylcarbon labeled)inmale rats,theplasma half-lifewas 4.8days.(Johnson,eta].,1979)
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Infemaleratsadministeredoralori.v.dosesof 14C_FC_
143 (carbonylcarbon labeled),over 90%

of theadministereddose was recoveredintheurinewithinthe first12 hours.The whole body

eliminationhalf-lifeof PFOA inmale and female ratswas 15 days and lessthan one day,

respectively,followinga single4-mg/kg intraperinealdose. (Vanden Heuval, etal.,1991)

(Johnson,etal.,1983; Johnson, etal.,1980) The half-lifeof PFOA intheliverwas 60 hours for

females and 210 hours for male rats.(Ylinen,etal.,1990) The decreasedexcretionrate(i.e.,

increasedeliminationhalf-life)in males isseen acrossatleasttwo species:rats(asabove) and

dogs. The plasma half-lifeof PFOA was longerinmale dogs (473 to 541 hours)than in females

(202to 305 hours).(Hanhijarvi,etal.,1988)

The eliminationhalf-lifeappearsto be similarinmale ratsexposed toeitherinhalationalor

dermal exposure. Following repeatedinhalationexposures toFC-143 over a two-week period,

blood organicfluoridelevelsin male ratsshowed a half-lifeoffiveto seven days. (Kennedy, et

al.,1986) A blood half-lifeof fiveto seven days was seen followingrepeatedderznalexposures

in male rats.(Kennedy, 1985)

A calculationof the eliminationhalf-lifeof an organicfluorinespecieshas been reportedinthe

human. The half-lifeof totalserum organicfluorinein a fluorochemicalworker who was

removed fr-omfurtherexposure was greaterthan 18 months. This worker had a blood organic

fluorinelevelof 40 partspermillionover theperiodof one year. The worker'sorganicfluorine

levelrose to70 partsper millionforno apparentreason. The worker was thenremoved from the

fluorochemicalproductionareaand hisblood and urinesamples were periodicallychecked for

organicfluorineand PFOA over an 18-month period.A totalof 18 months transpiredbeforethe
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worker'sbloodorganicfluorinelevelhad returnedtoitsbaselineof40 partspermillion.(Ubel,

etal.1980) Otherestimatesofserum fluorochemicalhalf-liveshavebeen calculatedintheone

thousandday range.T Thisanecdotalaccountdoesnotactuallytracktheserum PFOA level,

butrathertheserum totalorganicfluorine(TOF) level.Itwas found throughempiricalmeans

that90% ofthebloodorganicfluorineexistedasPFOA. (Ubel,etal.1980)

PERFLUOROOCTANE SULFONIC ACED (PFOS orFC-95)

Perfluorooctanesulfonicacidappearstopersistinbiologicalsystems,beingexcretedmore

slowlythanPFOA. Singlei.v.doses(mean 4.2mg/kg) of 14C-FC-95 and 0.9% NACL were

administeredtomale rats.By 89 daysafterdosing,30.2% oftheadministered14C had been

excretedintheurineand 12.6% hadbeen excretedinthefeces.(Johnson,etal.,1979)

Pharrnacologicinterventionsdo appeartoincreasetheexcretoryrateofPFOS. -Fecaland total-

excretionof 14C were markedly increasedinmale ratsadministeredCholestyrainine(about2.7

gnvkg perday)and theirdietfollowingsinglei.v.dosesof 14C-FC-95.The resultssuggestthat

therewas significantenterohepaticcirculationofFC-95. (Johnson,etal.,1980a;Johnson,etal.,

1984)

Much lessisknown concerningeliminationhalf-lifeofPFOS thanPFOA; onlyone calculation

oftheelin-@dnationhalf-lifeofPFOS hasbeen attempted.The plasma eliminationhalf-life
of 14C

followingsingleoraladministrationof 14C-FC-95(mean dose4.2mgtkg)tomale ratswas 7.5

days.(Johnson,eta].1979a)
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T Mandel,]. Personalcommunication.
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RESEARCH METHODS

The overallresearchdesign isprospectiveinnature,obtainingmultipleserialblood samples from

retireesthroughoutthecourseofa five-yearperiod.We willtrackthedeclineinseveralserum

fluorochemicallevelsinhumans. The healthoutcomes thatwillbe documented inthisstudyare

thehalf-lifedeterminationsofserum ammonium perfluorooctanoate(PFOA), perfluorooctane

sulfonicacid(PFOS),perfluorohexanesulfonicacid(PFHS),and serum totalorganicfluorine

(TOF).

ELgh-performanceliquidchromatographymass spectrometry/massspectrometrywillbe utilized

toanalyzeallserum samples. The accuracyand reliabilityofthisdevicewillbe thestateofthe

artatthetimeofanalysis.Periodically,splitsamplesfrom one ortwo subjectswillbe utilizedto

assessreliabilityoftheanalysis.

Only individualswho have retiredfrom 3M Decaturchemicalplantfrom theIstofJanuary1995

throughtheIstofJanuary1998,willbe includedinthestudy.Usinginforznationreceivedfrom

theHuman ResourcesDepartmentof3M Decatur,34 individualswere identifiedtohaveretired

duringthistimeperiod.Of the34 individualsidentified,7 havepreviouslybeenenrolledinthe

fluorochemicalmedicalsurveillanceprogram.Four oftheseindividualsparticipatedinthe

medicalsurveillanceprogram in1994butnot 1997;3 individualsparticipatedin 1997 only.We

willattempttoenrollall34 retireesintothestudy.Futureretireeswillnotbe enrolled.

Serum fluorochemicallevelswillbe drawn everysixmonths. Allserum fluorochemicallevels

willbe drawn withina one-month timeframe(i.e.,withinone month ofMarch and September).



3M Company
Page 10 of 19

Retirr.eswillbe recruitedtothestudythroughfirst,an introductoryletterand second,a phone

conversationfrom theprincipleinvestigatoror hisdesignee.Subsequenttothefollow-up

telephoneconversationand iftheretireeiswillingtoenterthestudy,a writteninformedconsent

form(AppendixA) and a medicalquestionnaire(Appendix)3)willbe senttotheretireeforhis

review.Once theretir-eesignstheconsentform,completesthequestionnaire,and retumsthe

documents totheprincipleinvestigator,he willbeenteredintothestudyand scheduledforblood

collection.Participationinthestudyisvoluntaryand retireesmay dropoutatany time.

Blood collectionwillbe scheduledbiannually,inApriland October(tonotconflictwithHoliday

and summer vacationtravel).Lettersannouncingbloodcollectiondatesand timeswillbe sent

outtoeachstudysubjectone month priortoeachbloodcollectionmonth. Retireeswillupdate

theirmedicalquestionnaireateachbloodcollection.Allbloodcollectionswillbe.performed

underthesupervisionofthe3M Decaturplantnurse,CathySimpson,RN. Two red-toppedtubes--@-

willbe obtainedfrom eachretiree;the3M OccupationalMedicineServicemethodology for

handlingand shippingoffluorochemicalbloodsampleswillbe appliedtoallblood samples.

Samples willbe analyzedby the3M EnvironmentalLaboratoryoritsdesignatedcontract

laboratory.Retireeswillreceivewrittenreportsoftheirsenun fluorochemicallevelsfollowing

eachblood collectioncycle.

Two methods ofcalculatingtheserum fluorochemicalhalflifewillbe utilized.Inthefirst

method,a one compartment model.willbe assumed and theformula

qt= qo
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willbe utilizedtoestimatethehalflifeofeliminationforPFOS, PFOA, PFHS, and TOF. The

terms q,and qo refertotheserum concentrationsattime tand time 0, tistheelapsedtime;tl.is

what we seek tosolve.

The second method will be used to verifythe first.Italsoassumes a one compartment model.

Each retiree'sfluorochemical levelswill@begraphed on a log-linearscaleas serum

fluorochemicalvs.elapsed time from to(inmonths) and enteredintoa database. Statistical

analysiswillbe perforxnedtodetermine thebest-fitmodel thatdescribesthe slopeof the log-

linearline.(Appendix C)

The slopeof thelog-linearIineisrelatedtotheeliminationconstant(-kl)through theequation

Slope= -k,1(2.303)

Once theeliminationconstantiscalculated,thehalflifecan be calculatedusing therelationship

t@6 0.6931k-el

EliminationhalflivesforTOF,PFOS, PFHS,andPFOA willbedeterznined.(Benez,etal.1985,

Medinsky,etal.1996.)

DISCUSSION

Thereareanumberoflimitationsassociatedwiththestudy,including:

1.The lackofpre-studyserumfluorochemicallevelsinthemajorityofretirees,makingit

impossibletodevelopbaselinelevelsforthemajorityofthestudygroup. The tOvalueswill

thereforeneedtobe theirfirstfluorochemicallevelpost-retirement.
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2. Previous studieshave perfor7nedserum totalorganicfluorinelevelsand not serum testing

specificforserum PFOS or PFOA; comparabilitywith previous work isthereby

compromised.

3. Retireeson medications such ascolestipolor cholestyramine,which can artificiallyincrease

therateof eliminationof fluorochemicalsfrom theblood willartificiallyincreasethe

eliminationinunpredictableways, therebycausing an underestimationof theeliminationhalf

lifein theentirestudy population.

4. Retireesmay unknowingly have medical conditionsthatwilldecreasetheirtoxicant

eliminationrateunpredictably(e.g.,renalfailure,congestiveheartfaflure,cholelithiasis,etc.),

therebycausingan inaccurateestimationof theeliminationhalflifein theentirestudy

population.

For thesereasons,the study willoccur overthe protractedperiodof fiveyearsinsteadof a shorter

time period (i.e.,threeyears). As the only human data plottingtotalorganicfluorinesuggest-f:@ -.

plasma eliminationhalf-lifeof 18 months, a threeyearstudywould allow forverificationof that

estimatesincethreeyearswould be equalto two half-lives.A five-yearstudy,therefore,should

includeover threehalf-livesof elimination,and make itpossibleto use severalyears'datato

calculatetheeliminationhalflife.

The overallresultscollectedin thisstudymay be used inpublicationsor in publicpresentations.

Retireenames or otherindividualdatawillnot be revealedinany publicationor other

documentations intendedforpublicexamination. Individualresultswillbe communicated only

to ther-etiree.Individualresultswillbe consideredconfidentialinformationand willnotbe

disclosedtoanyone outsideof the 3M Medical Department withoutthe retiree'swrittenconsent.
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Qualityassurancewillbe performedpertheguidelinessetforthinthestandardoperating

procedureforthecreation,review,and approvalof3M epidemiologystudyprotocols.

Archivingofstudymaterials,upon completionof thestudy,willbe performedperthestandard

operatingprocedureforthecreation,auditing,reviewand approvalof 3M epidemiologyfinal

reports.

ne studywillbe communicated totheretirees,management,and thetechnicalcommunity.

Communicationstotheretireeswillbe intheform ofa letter,which statestheretiree'svarious

bloodfluorochemicallevels.Theseletterswillbe sentoutfollowingeachblooddraw. -

Connnunicationtomanagement willbe intheformofa writtendocumentwhich willundergo

thereviewprocessassetforthinthestandardoperatingprocedureforthecreation,@auditing,

reviewandapprovalof 3M epidemiologyfinalreports.The communicationtothetechnical

community willbe intheform ofa scientificpaper,whichwillbe submittedtoa relevantpeer

reviewedscientificpublication.
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Appendix A

CONSENT FORM FOR COLLECTION OF BLOOD FOR SERUM
FLUOROCHEMICAL LEVEL HALF-LIFE DETERMINATION

INTRODUCTION
You and yourcolleagueswere involvedinfluorochemicalproductionat3M Decaturpriorto
yourretirement.You areinvitedtoparticipateina researchstudybeingconductedby 3M
OccupationalMedicine Servicesregardingfluorochemicals.Your participationwould involve
donatingone red-toppedtesttubeofbloodapproximatelyeverysixmonths forthenextfive
years.Your bloodwillonlybe testedfortheamount and kindoffluorochemicalsitcontains;it
willnotbe used totestforany othersubstancesordisease.Pleasereviewthisconsentform
carefullyand be sureyour questionsareanswered beforeyou make a decisiontoparticipate.The
plantnursewillbe availabletoprovideyou withadditionalinformationatthetimeofyour
medicalsurveillanceblood donation.

PURPOSE OF STUDY
The purposeofthestudyistodeterminehow much and what typesoffluorochemicalsare
eliminatedfrom thehuman body overtime.

STLTDY PROCEDURES
Your bloodwillbe drawn withone needlestickand requiretwo testtubes.Thiswilloccurabout
everysixmonths forthenextfiveyears.A letterwillbe senttoyou inadvanceinformingyou of
theproperdate,time,and placetoreporttoforbloodcollection.

POTENTLKL RISKS/BENEFITS
The onlydiscomfortyou may feelisfromtheneedlestick.You may alsohave some temporary
redness/bruisingtswellinginthisareaafterbloodcollection."

BENEFITS
Therewillbe no directbenefitfrom yourparticipationinthisstudy.However,theinformation
gainedfrom thisstudywillfurtherhelpusunderstandhuman exposurestofluorochernicals.
Your individualresultsaswellastheoverallresultswillbe communicated toyou only.Your
individualresultswillbe consideredconfidentialinformationand willnotbe disclosedtoanyone
outsidethe3M MedicalDepartmentwithoutyourwrittenconsent.

COMPENSATION
Ifyou sufferinjuryor a medicalconditionthatappearstobe theresultofparticipatinginthis
study,you willbe referredtoanotherhealthcareprofessionalatno costtoyou. Intheeventofa
researchrelatedinjury,compensationwillbe determinedon a caseby casebasisby 3M.
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CONFIDENTIALITY
The overallresultscollectedinthisstudymay be usedinpublicationsorpublicpresentation.
Your name willnotbe revealedinanypublicationorotherdocuments intendedforpublication
examination.Your individualresultswillbe communicated toyou only.Your individualresults
willbe consideredconfidentialinformationand willnotbe disclosedtoanyone outsidethe3M
MedicalDepartmentwithoutyourwrittenconsent.

SUBJECT RIGHTS/AVAI]LAB=Y OF INFORMATION
Ifyou have anyquestionsaboutthestudynow, or later,orintheeventofa researchrelatedinjury
oremergency,contactDr.JeffreyMandel (651-733-8670)orJeanBurtis,R.N. (651-737-7867).
For answerstoquestionsaboutyourrightsinregardtothisresearch,you may contactDr.Larry
Zobel,Chair,3M InstitutionalReview Board at651-733-5181.

VOLUNTARY PARTICE?ATION AND WM-EDRAWAL
Participationinthisstudyisvoluntary.Refusaltoparticipatewillinvolveno penaltyoflossof
benefitstowhich you areotherwiseentitled.You arefreetowithdrawfrom thestudyatanytime
forany reason.The investigatormay stopyourparticipationinthisstudyshoulditbe detemiined
thatcontinuedparticipationmay be detrimentaitoyourhealth.Followingeach serni-annual
bloodcollection,you willreceivea check for$50.00ascompensationforyourtimeand effort.

SUBJECT CONSENT
By signingtheconsentform,IcertifythatIam atleast18 yearsold.IconfirmthatIhave read.
thisconsentform,and thatIhave been givenadequateopportunitytoaskany questionsImay
have aboutthisconsentform orthestudy.IalsoconfirmthatIunderstandthescopeofmy
participationinthisstudy,and thatallofmy questionshave beenansweredtomy satisfaction..I
am signingthisconsentform voluntafily,and Idesiretoparticipateinthestudy.Iunderstand
thatIwillreceivea copy ofthissignedconsentform. I understandthatIwillreceivea check for
$50.00immediatelyfollowingeachserni-annualcollectionofmy blood.

Signature Date

PrintedName

Witness
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Ai)i)endixB

MEDICAL HISTORY OUESTIONNAIRE

Pleaselistthenames oftheALL themedicationsyou takeatleastonce a day.

Pleasecircletheconditionsyou now sufferfrom orhave sufferedfr-ominthelastthreeyears.

KidneyFailure

GallBladderDisease

Hepatitis/Jaundice

CongestiveHeartFailure

LiverDisease

InflammatoryBowel Disease

Crohn'sDisease

PerniciousAnen-da
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Aipi)endixC

Example ofa log-linearplotthatwillbe usedtoestimatetheserum fluorochemicalelimination
halflifeinDecaturretirees.

20- - - - -- -

I Slope -k4d2=

TIM
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METHOD

EXTRACTION OF POTASSIUM PERFLUOROOCTANESULFONATE OR OTHER

FLUOROCHENUCAL COMPOUNDS FROM SERUM FOR ANALYSIS USING HPLC-

ELECTROSPRAY/MASS SPECTROMETRY
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1.0 SCOPE ANID APPLICATION

1.1 Scope: This method isfortheextractionofpotassiumperfluorooctanesulfonate(PFOS)
or otherfluorocheinicalcompounds from senun.

1.2 Applicable compounds: Fluorochemical surfactantsorother fluorinatedcompounds.

1.3 Matrices: Rabbit,rat,bovine,monkey, and human serum or otherfluidsas designatedin
thevalidationreport.
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2.0SUMMARY OF METHOD

2.1 Thismethod describestheprocedureforextractingpotassiumperfluorooctanesulfonate
(PFOS) orotherfluorochemicalsurfactantsfromserum,orotherfluids,usingan ion
pairingreagentand methyl-tert-butylether(MtBE). Inthismethod,seven
fluorochemicalswere extracted:PFOS, PFOSA, PFOSAA, ETFOSE-OH, PFOSEA,
M556, and surrogatestandard(see3.0Definitions).Anion pairingreagentisadded to
thesample and theanalyteionpairispartitionedintoMTBE. The MTBE extractis
removed and putontoanitrogenevaporatoruntildry.Each extractisreconstitutedin1.0
mL ofmethanol,thenfilteredthrougha 3 ccplasticsyringeattachedtoa 0.2Am nylon
filterintoglassautovials.

2.2 These sample extractsareanalyzedfollowingmethod ETS-8-5.1 orotherappropriate
methods.

3.0 DEFINITIONS

3.1 PFOS: perfluorooctanesulfonate(anionof potassium salt)C.F,7SO3-

3.2 . PFOSA: perfluorooctanesulfonylamideC,F,,SO2NH2

3.3 PFOSAA: perfluorooctanesulfonylamido(ethyl)acetateC,Fl7SO2N(CH2CH,)CH2CO2-

3.4 ETFOSE-OH: 2(N-ethylperfluorooctanesulfonamido)-ethylalcohol
C,F,:7SO2N(CH2CH3)CH2CH20H

3.5 PFOSEA: perfluorooctanesulfonylethylamideCsF,7SO2N(CH2CH3)H

3.6 M556: CgFl7SO2N(H)(CH2COOH)

3.7 Surrogatestandard:IH-IH-2H-2H perfluorooctanesulfonicacid

4.0 WARNINGS AND CAUTIONS

4.1 Health and safetywarnings

4.1.1 Use universalprecautions,especiallylaboratorycoats,goggles,and gloveswhen
handlinganimaltissue,which may containpathogens.

5.0 INTERFERENCES

5.1 There areno interferencesknown atthistime.

6.0 EOUIPMENT

6.1 The followingequipmentisusedwhileperformingthismethod. Equivalentequipmentis
acceptable.

6.1.1 Vortexmixer,VWP, VortexGenie2

6.1.2 Centrifuge,Mistral1000orIEC

6.1.3 Shaker,EberbachorVWR

ETS-84.1 Page 2 of 14
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6.1.4 Nitrogenevaporator,Organomation

6.1.5 Balance(±0.100g)

7.0 SUPPLIES AND MATERIALS

7.1 Gloves

7.2 Eppendorf or disposablepipettes

7.3 Nalgene bottles,capableof holding250 mL and 1 L

7.4 Volumetricflasks,glass,typeA

7.5 I-CHEM vials,glass,40 mL glass

7.6 Centrifugetubes,polypropylene,15 mL

7.7 Labels

7.8 Oxford Dispenser- 3.0to 10.0mL

7.9 Syringes,capableof measuring5 RL to 50 liL

7.10 Graduated pipettes

7.11 Syringes,disposableplastic,3 cc

7.12 Syringefilters,nylon,0.2lim,25 mm

7.13 Timer

7.14 Crimp cap autovialsand caps

7.15 Crimpers

Note: Priortousing glasswareand bottles,rinse3 timeswithmethanol and 3 timeswith

water. Rinse syringesaminimum of 9 timeswithmethanol,3 rinsesfrom 3
separatevials.

8.0 REAGENTS AND STANDARDS

8.1 Type Ireagentgrade water,Milli-QTmorequivalent;allwater used inthismethod should
be Milli-Q' waterand may be providedby a l@filli-QTOC PluJ' system

8.2 Sodium hydroxide(NaOH), J.TBaker orequivalent

8.3 Tetrabutylammonium hydrogen sulfate(TBA),Kodak orequivalent

8.4 Sodium carbonate(NaCO,), J.T.Baker orequivalent

8.5 Sodium bicarbonate(NaHC03), J.T.Baker orequivalent

8.6 Methyl-T-ButylEther,Omnisolv,glassdistilledorBIPLC grade

8.7 Methanol, Onmisolv, glassdistilledor BPLC grade

8.8 Serum or blood,frozenfrom supplier

8.9 Fluorochemical standards

8.9.1 PFOS (3M SpecialtyChemical Division),molecularweight = 538

8.9.2 PFOSA (3M SpecialtyChemicalDivision),molecularweight= 499
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8.9.3 PFOSAA (3M SpecialtyChemical Division),molecularweight= 585

8.9.4 ETFOSE-OH (3M SpecialtyChemical Division),molecularweight= 570

8.9.5 PFOSEA (3M SpecialtyChemical Division),molecularweight= 527

8.9.6 M556 (3M SpecialtyChemicalDivision),molecularweight= 557

8.9.7 Surrogatestandard:4-H,perfluorooctanesulfonicacid(I-H,I-H,2-H, 2-H
C,F,3So3H) molecularweight= 428

8.9.8 Other fluorochemicals,as appropriate

8.10 Reagent preparation

NOTE: When preparinglargervolumes thanlistedinreagent,standard,or surrogate
preparation,adjustaccordingly.

8.10.1 10 N sodium hydroxide (NaOH): Weigh approximately200 g NAOH. Pour into a
1000 mL beakercontaining500 mL Milli-Q' water,mix untilallsolidsare
dissolved.Storeina 1 L Nalgene bottle.

8.10.2 1N sodium hydroxide(NaOH): Dilute10 N NAOH 1:10. Measure 10 mL of 10
N NAOH solutionintoa 100 mL volumetricflaskand dilutetovolume using
Milli-Q' water.Storeina 125niLNalgene bottle.

8.10.30.5M tetrabutylanunoniumhydrogensulfate(TBA): Weigh approximately169 g
ofTBA intoa 1 L volumetriccontaining500 mL Milli-(@'water.AdjusttopH
IQ usingapproximately44 to54 mL of10 N NAOH (WhileaddingthelastmL of
NAOH, add slowlybecausethepH changesabruptly).Dilutetovolume with
Milli-Q' water.Storeina 1L Nalgenebottle.

8.10.3.1TBA requiresa checkpriortoeach usetoensurepH = 10. Adjustas
needed using1 N NAOH solution.

8.10.4 0.25M sodium carbonate/sodiumbicarbonatebuffer(NaC03/NaHC03): Weigh
approximately26.5g ofsodium carbonate(NaCO,) and 21.0g ofsodium
bicarbonate(NaHC03) intoa 1 L volumetricflaskand bringtovolume withMilli-
Q' water.Storeina 1L Nalgene bottle.

8.11 Standards preparation

8.11.1PreparePFOS standardsforthestandardcurve.

8.11.2 Prepareotherfluorochemicalstandards,asappropriate.Multicomponent
fluorochemicalstandardsareacceptable(forexample,one working standard
solutioncontaining1.00ppm PFOS, 1.02ppm PFOSA, 0.987 ppm PFOSAA, and
1.10 ppm EtFOSE-OH.)

8.11.3 Weigh approximately100 mg ofPFOS intoa 100 mL volumetricflaskand record
theactualweight.

8.11.4 Bring to volume with methanol fora stockstandardof approximately1000 ppm

(AgIML).

8.11.5 Dilutethestocksolutionwithmethanolfora working standard1 solutionof
approximately50 ppm.

8.11.6 Diluteworking standardI withmethanolforaworking standard2 solutionof
approx.5.0ppm.
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8.11.7Diluteworking standard1 withmethanolfora workingstandard3 solutionof
approx.0.50ppm.

8.12 Surrogatestockstandardpreparation

8.12.1 Weigh approximately50-60mg ofsurrogatestandard1-H,1-H,2-H,2-H,
C,F,3So3H intoa 50 mL volumetricflaskand recordtheactualweight.

8.12.2 Bringtovolume withmethanolfora surrogatestockofapproximately1000-1200

PPM.

8.12.3 Preparea surrogateworkingstandard.Transferapproximately1mL ofsurrogate
stocktoa 10 mL volumetricflaskand bringtovolume withmethanolfora
working standardof100ppm. Record theactualvolume transferred.

9.0 SAMPLE HANDLING

9.1 All samplesarereceivedfrozenandmust be keptfrozenuntiltheextractionisperformed.

9.2 Allow samplestothaw toroom temperaturepriortoextraction.

10.0 OUALITY CONTROL

10.1 SolventBlanks,Method blanksandmatrixblanks

10.1.1An aliquotof1.0mL methanolisusedasa solventblank.

10.1.2Extracttwo 1.0mL aliquotsofMilli-Q' waterfollowingthisprocedureand use
asmethod blanks.

10.1.3Extracttwo 1.0mL aliquotsofthesenun followingthisprocedureand useas
matrixblanks.See 11.1.4.

10.2 Matrix spikes

10.2.1Prepareand analyzematrixspikeand matrixspikeduplicatesamplestodetermine
theaccuracyoftheextraction.

10.2.2Prepareeach spikeusinga sample chosen by theanalyst,usuallythecontrol
matrixreceivedwitheach sampleset.

10.2.3 Expectedconcentrationswillfallinthemid-rangeoftheinitialcalibrationcurve.
Additionalspikesmay be includedand may fallinthelow-rangeoftheinitial
calibrationcurve.

10.2.4Prepareone matrixspikeand matrixspikeduplicateper40 samples,with a
minimum of2 matrixspikesperbatch.

10.3 Continuingcalibrationchecks

10.3.1 Preparecontinuingcalibrationcheck samplestoensuretheaccuracyoftheinitial
calibrationcurve.

10.3.2Prepare,ata minimum, onecontinuingcheckpergroup of 10 samples.For
example,ifa sample set= 34,fourchecks arepreparedand extracted.

10.3.3Prepareeach continuingcalibrationcheck from thesame matrixused toprepare
theinitialcurve.
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10.3.4 The expectedconcentrationswillfallwithinthemid-rangeoftheinitial
calibrationcurve.Additionalspikesmay be includedthatfallinthelow-rangeof
theinitialcalibrationcurve.Thisisnecessaryiftheanalystmust quantitateusing
onlythelow end ofthecalibrationcurve(forexample,5 ppb - 100 ppb,rather
than
5 ppb - 1000ppb)

11.0 CALIBRATION AND STANDARDIZATION

11.1 Prepare matrix calibrationstandards

11.1.1 Transfer 1 mL ofserum toa 15 mL centrifugetube.

11.1.2 Ifmost sample volumes arelessthan 1.0niL,extractstandardswithmatrix
volumes equaltothesamplevolumes. Do notextractlessthan0.50mL of
matrix.Record each samplevolume on theextractionsheet.

11.1.3 VAiilepreparinga totaloftwentyaliquotsin15mL centrifugetubes,niixorshake
between aliquots.

11.1.4 Two I mL aliquots,orotherappropriatevolume,serveasmatrixblanks.
Typicallyusethestandardconcentrationsand spikingamounts listedinTable 1,
attheend ofthissection,tospike,induplicate,two standardcurves,fora totalof
eighteenstandards,two matrixblanks,and two method blanks.

11.1.5RefertovalidationreportETS-84.0 & ETS-8-5.0-V-1,which liststheworking
rangesand theLinearCalibrationRange (LCR) forcalibrationcurves.

11.1.6Use AttachmentD asan aidincalculatingtheconcentrationsoftheworking
standards.See Section13.0tocalculateactualconcentrationsofPFOS in
calibrationstandards.

11.2 To each standard,blank,orcontinuingcheck,add appropriateamount ofsurrogate
working standardfortheconcentrationtofallwithinthecalibrationcurverange5 ppb -
1000 ppb.

11.3 Extractspikedmatrix standardsfollowing12.6-12.16ofthismethod. Use thesestandards
toestablisheach initialcurveon themass spectrometer.
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Table 1
Approximate spikingamounts forstandardsand spikes

Using 1.0mL ofmatrix
Working standard @iL Approx.finalconc.of

(approx.conc.) analyteinmatrix
- - Blank

0.500ppm 10 0.005ppm
0.500ppm 20 0.010ppm

5.00ppm 5 0.025ppm

5.00ppm 10 0.050ppm

5.00ppm 20 0.100 ppm
50.0 ppm 5 0.250ppm
50.0 ppm 10 0.500ppm
50.0 ppm 15 0.750ppm

F-50.0 ppm 20 1.00ppm

12.0 PROCEDURE

12.1 Obtainfrozensamplesand allowtothaw atroom temperatureorina lukewarm
waterbath.

12.2 Vortex mix for15 seconds,thentransfer1.0mL orotherappropriatevolume toa 15 mL
polypropylenecentrifugetube.

12.3 Return unused samplestofreezerafterextractionamounts have been removed.

12.4 Record theinitialvolume on theextractionworksheet.

12.5 Label thetubewith thestudynumber,sample ID,dateandanalystinitials.See attached
worksheetfordocumenting theremainingsteps.

12.6 Spike allsamples,includingblanksand standards,readyforextractionwith surrogate
standardasdescribedin11.2.

12.7 Spike each matrixwith theappropriateamount ofstandardasdescribedin11.1,orTable
I inthatsection,forthecalibrationcurvestandards.Also preparematrixspikesand
continuingcalibrationstandards.

12.8 Vortex mix thestandardcurvesamples,matrixspikesamples,and continuingcalibration
samples for15 seconds.

12.9 Check toensurethe0.5M TBA reagentisatpH 10.Ifnot,adjustaccordingly.

12.10 To eachsample,add I mL 0.5M TBA and 2 mL of0.25M sodium carbonate/sodium
bicarbonatebuffer.

12.11 Using an Oxford Dispenser,add 5 niL methyl-tert-butylether.

12.12 Cap eachsample and puton theshakerata settingof300 rpm, for20 minutes.

12.13 Centrifugefor20 to25 minutesata settingof3500 rpm,oruntillayersarewell
separated.
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12.14 Label a fresh15 mL centrifugetubewiththesame informationasin12.5.

12.15 Remove 4.0mL oftheorganiclayertothisclean15mL centrifugetube.

12.16 Put eachsample on theanalyticalnitrogenevaporatoruntildry,approximatelyI to2
hours.

12.17 Add 1.0mL ofmethanol toeach centrifugetubeusinga graduatedpipette.

12.18 Vortex mix for30 seconds.

12.19 Attacha 0.2gm nylon mesh filtertoa 3 ccsyringeand transferthesample tothis
syringe.Filterintoa 1.5niL glassautovialorlow-volumeautovialwhen necessary.

12.20 Labeltheautovialwiththestudynumber,animalnumber and gender,sample timepoint,
matrix,finalsolvent,extractiondate,and analyst(s)performingtheextraction.

12.21 Cap and storeextractsatroom temperatureoratapproximately4 'C untilanalysis.

12.22 Complete theextractionworksheet,attachedtothisdocument,and tapeinthestudy
notebook or includeinstudybinder,asappropriate.

13.0 DATA ANALYSIS AND CALCULATIONS

13.1 Calculations

13.1.1CalculateactualconcentrationsofPFOS, orotherapplicablefluorochemical,in
calibrationstandardsusingthefollowingequation:

mL ofstandardx concentrationofstandard(alz/mL)
mL ofstandard+ mL ofsurrogatestandard+ initialmatrixvolume (mL)

FinalConcentration(gghnl)ofPFOS inmatrix

14.0 METHOD PERFORMANCE

14.1 The method detectionlimit(MDL) isanalyteand matrixspecific.RefertoNML report
forspecificMDL and limitofquantitation(LOQ) values(seeAttachments B and C).

14.2 The followingqualitycontrolsamplesareextractedwitheachbatchof samplesto
evaluatethequalityoftheextractionand analysis.

14.2.1Method blanksandmatrixblanks.

14.2.2Matrixspikeand matrixspikeduplicatesamplestodetermineaccuracyand
precisionoftheextraction.

14.2.3Continuingcalibrationchecksamplestodeterminethecontinuedaccuracyofthe
initialcalibrationcurve.

14.3 Refertosection14 ofETS-8-5.1formethod performancecriteria.

15.0 POLLUTION PREVENTION AND WASTE MANAGEMENT

15.1 Sample waste isdisposedinbiohazardcontainers,flammable solventwaste isdisposedin
highBTU containers,andused glasspipettewaste isdisposedinbrokenglasscontainers
locatedinthelaboratory.
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16.0RECORDS

16.1 Complete theextractionworksheetattachedtothismethod,and tapeinthestudy
notebook orincludeinthe3-ringstudybinder,asappropriate.

17.0 ATTACHMENTS

17.1 AttachmentA, Extractionworksheet

17.2 AttachmentB, MDL/LOQ valuesand summary

17.3 Attachment C, Calibrationstandardconcentrationworksheet

18.0 REFERENCES

18.1 The validationreportassociatedwiththismethodisETS-84.0 & 5.0-V-1.

18.2 FACT-M-3. 1,"AnalysisofSeniinorOtherFluidExtractsforFluorochemicalsusing
BPLC-ElectrosprayMass Spectrometiy'

19.0 AFFECTED DOCUMENTS

19.1 ETS-8-5.1, "AnalysisofSerum orOtherFluidExtractsforFluorochemicalsusing
BPLC-ElectrosprayMass Spectrometry"

20.0 REviSIONS

Revision Revision
Number Reason For Revision Date

I Section12.21Changed toincludesample storageatroom temperature. 04/02/99
Section12.13Added theshakerspeed.
Section12.17Finalvolume is1.0mL; notadjustedforinitialvolumes
lessthan 1.0mL.
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ExtractionWorksheet ETS-8-4.1

Study SurrogateStd FC-Mix FC-Mix FC-Mix Comments
Matrix approx. ppm approx.0.5pm approx.5 ppm approx.50 ppm
Box # actual ppm actual ppm actual pptn actual PPM
Wk/Day_

DateSpiked/Analyst
ccv
ms_
MSD

Blank Std amount ML
Serum ExtractionMethod Date& Initials
Vortex15 sec.
PipetteMatrix Volume ML
PipetteImL of 0.5M TBA, pH 10.pH Std.#
Pipette2 mL of0.25Na2CO3/0.25M NaHC03 buffer Std.#

Dispense5 mL ofmethyl-t-butylether TN-A-
Shake20 min. Shakerspeed:
Centrifuge20-25min. Centrifugespeed:

Remove a4 mL aliquotoforganiclayer
Puton NitrogenEvaporatOTtodryness Temperature:
Add methanol Volume mL TN-A-
Vortex30 sec.
Filterusinga 3ccB-D syringewitha0.2gm filterintoa 1.5mL autosamplevial
Cont.Cal.Verificationsusedsame matrixasforstdcurve.
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MDL/LOQ valuesforrabbitserum

Compound MDL LOQ LinearCalibrationRange(LCR)
(ppb) (ppb) Approximateconcentrationstobeusedforpreparingthe

StandardCalibrationCurve

PFOS 1.74 5.55 5 ppb - 1000 ppb

PFOSA 1.51 4.79 5 ppb -1000 ppb
PFOSAA 3.46 20.5 5 ppb -1000 ppb

ETFOSE-OH 11.4 36.2 5 ppb -1000 ppb
M556 6.03 19.2 5 ppb -1000 ppb
IPFOSEA 5.71 1 18.2 15 ppb - 1000 ppb
MDL/LOQ valuesinrat,bovine,monkey,andhuman senun,andmonkey plasma were notstatistically
determined.Two curvesineachofthesematriceswere extractedand analyzedwiththerabbitserum
curvestodetermineequivalence.Responsesinthera@bovine,monkey, andhuman were equivalentto
therabbitresponses,therefore,theirMDL andLOQ willbe thesame valuesasdeterminedinrabbit
serum.

PleaseseeLOQ Summary and MDL studyinETS-8-4.0& 5.0-V-1forfurtherinformation.
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Compound: PFOS
Preparedrange LCR from % Recovery RSD

RabbitSerum ofstandards curve Range Range

(ppb)(ng/mL) (ppb)
(ng/mL)

FullRange 0.995-978 24.8-978 83-108 4.67-11.0

Low Curve 4.94-248 4.94-248 85-104 5.34-12.0

High cur-ve 97.8-978 97.8-978 85-106 4.84-9.80

I/X 0.995-978 4.94-978 94-111 4.60-10.5
I I I I

Compound: PFOSA
Preparedrange LCR from % Recovery RSD

RabbitSenun ofstandards curve Range Range
(ppb)(ng/mL) (ppb)

(ng/mL)

FullRange 0.993-976 4.93-976 88-103 5.10-14.7

Low Curve 4.93-97.6 4.93-97.6 87-105 9.85-14.7

High curve 24.8-976 24.8-978 93-102 5.08-13.9

I/X 0.993-976 4.93-976 94-103 5.10-14.5

Compound: PFOSAA
Preparedrange LCR from % Recovery RSD

RabbitSerum of standards curve Range Range
(ppb)(ng/mL) (ppb)

(ng/mL)

FullRange 0.991-974 24.7-974 81-111@ 4.18-10.6

Low Curve 4.92-247 9.74-247 97-107 6.38-21.8

High curve 49.2-974 97.4-974 85-108 4.33-12.5

1/X 0.991-974 9.74-974 95-115 4.11-23.2
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Compound: ETFOSE-OH
Preparedrange LCR from % Recovery RSD

RabbitSerum ofstandards curve Range Range
(ppb)(ng/mL) (ppb)

(ng/mL)

FullRange 0.993-976 49.3-976 77-110 11.2-25.5

Low Curve 4.93-97.6 9.76-97.6 97-107 14.1-21.3

High curve 49.3-976 97.6-976 90-109 11.5-19.6

1/X 0.993-493 9.76-976 86-111 11.1-21.2

Compound: PFOSEA
Preparedrange LCR from % Recovery RSD

RabbitSenun ofstandards curve Range Range
(ppb)(ng/mL) (ppb)

(ng/mL)

FullRange 0.993-976 24.8-976 96-106 10.1-16.2

Low Curve 4.93-248 9.76-248 91-110 11.8-19.5

High curve 49.3-976 49.3-976 86-106 10.2-18.2

I/X 0.993-976 9.76-976 95-117 10.1-19.1

Compound: M556
Preparedrange LCR from % Recovery RSD

RabbitSerum of standards curve Range Range
(ppb)(nghnl) (ppb)

(ng/mL)

FullRange 0.993-976 24.8-976 88-106 4.82-17.9

Low Curve 4.93-97.6 9.76-97.6 100-105 5.95-18.2

High curve 97.6-976 97.6-976 81-111 5.11-9.74

1/X 0.993-976 9.76-976 97-110 4.77-19.5
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Ion PairStandardCurves- Fluids
Prep date(s): Standard number:
Analyte(s): Equipment number:
Sample matrix: Finalsolventand TN:

Blank fluid/identifier:
Method/revision:
Targetanalyte(s):
FC mix stdapprox. 0.500 ppm:
FC mix stdapprox. 5.00ppm:

FC mix std approx. 50.0ppm:
Surrogate stdapprox. 100 ppm:

Actual concentrationsofstandardsintheFC mix
PFOS PFOSA PFOSAA ETFOSE PFOSEA M556 All All

Std conc Std conc Std conc Std conc Std conc Stdconc ArWt Finalvol
ughnl ug/mL ug/mL ug/mL ug/mL ug/mL spikedmL ML
0.500 0.507 1 0.532 0.501 0.521 0.501 0.010 1.015
0.500 0.507 0.532 0.501 0.521 0.501 0.020 1.025
5.00 5.07 5.32 5.01 5.21 5.01 0.005 1.010
5.00 5.07 5.32 5.01 5.21 5.01 0.010 1.015
5.00 5.07 5.32 5.01 5.21 5.01 0.020 1.025
50.0 50.1 53.2 50.1 52.1 50.1 0.005 1.010
50.0 50.1 53.2 50.1 52.1 50.1 0.010 1.015
50.0 50.1 53.2 50.1 52.1 50.1 0.015 1.020
50.0 50.1 53.2 50.1 52.1 50.1 0.020 1.025

Calculated concentrationsofstandards in the sample matrix
PFOS PFOSA PFOSAA ETFOSE PFOSEA M556 Surrogate All

Finalconc Finalconc Finalconc Finalconc Finalconc Finalconc Std conc Ariftspiked
ng/mL nghnl ng/mL ng/mL ng/mL ng/mL ng/mL ML
4.93 5.00 5.24 4.94 5.01 5.13 100 0.005
9.76 9.89 10.4 9.78 9.93 10.2
24.8 25.1 26.3 24.8 25.2 25.8 Surrogate
49.3 50.0 52.4 49.4 50.1 51.3 Finalconc
97.6 98.9 104 97.8 99.3 102 ng/mL
248 251 263 248 252 258 500
493 1 500 524 494 501 513
735 746 782 737 749 766
976 989 1038 978 993 1017-

Validatedranges - approximate concentrations
Serum PFOS PFOSA PFOSAA ETFOSE-OH PFOSEA M556
Rabbit 5.00-1000 1 5.00-1000 1 5.00-1000 1 5.00-1000 5.00-1000 5.00-1000

Bovine Estimatesonly.Use valuesforrabbit.
Rat Estimatesonly.Use valuesforrabbit.

Monkey & Plasma Estimatesonly.Use valuesforrabbit.
Human I Estimatesonly.Use valuesforrabbit.
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1.0 SCOPE AND APPLICATION

1.1Scope: Thismethod describestheanalysisof serum extractsforfluorochemicalsurfactants
usingIPLC-electrospray/massspectrometry.

1.2Applicable Compounds: Fluorochemicalsurfactantsor otherfluorinatedcompounds, or
otherionizablecompounds.

1.3Matrices: Rabbit,rat,bovine,monkey, and human serum,or otherfluidsas designatedin
thevalidationreport.
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2.0SUM MARV OF METHOD

2.1 Thismethod describestheanalysisoffluorochemicalsurfactantsextractedfrom serum or
otherfluids,usingHPLC-electrospray/massspectrometry,orsimilarsystemasappropriate.
The analysisisperformedby monitoringa singleioncharacteristicofa particular
fluorochemical,suchastheperfluorooctanesulfonate(PFOS) anion,m/z--499.
Additionally,samplesmay be analyzedusinga tandem mass spectrometertofurtherverify
theidentityofa compound by detectingdaughterionsoftheparention.

3.0 DEFINITIONS

3.1Atmospheric Pressure Ionization(API):The Micromass QuattroH triplequadrupole
systemsallow forvariousmethods ofionizationby utilizingvarioussources,probes,and
interfaces.These includebutarenotlimitedto:ElectrosprayIonization(ESI),Atmospheric
PressurechemicalIonization(APcI),Tbermospray,etc.The ionizationprocessinthese
techniquesoccursatatmosphericpressure(i.e.,notundera vacuum).

3.2ElectrosprayIonization(ES,ESI):a-methodofionizationperformedatatmospheric
pressure,whereby ionsinsolutionaretransferredtothegasphaseviatinychargeddroplets.
These chargeddropletsareproducedby theapplicationofa strongelectricalfield.

3.3Mass Spectrometry,Mass Spectrometer(MS), Tandem Mass Spectrometer (MS/MS):
The API QuattroH triplequadrupolesystemsareequippedwith quadrupolemass selective
detectors.Ionsareselectivelydiscriminatedby mass tochargeratio(m/z)and subsequently
detected.A singleMS may be employed foriondetectionora series(MS/MS) formore
specificfragmentationinformation.

3.4Conventionalvs.Z-spray probe interface:The latestmodels ofNficromassQuattroH
triplequadrupolesystems(post1998)utilizea "Z-spray"conformation.The sprayemitted
from a probeisorthogonaltotheconeaperture.Intheconventionalconformationitisaimed
directlyatthecone aperture,afterpassingthrougha tortuouspathway inthecounter
electrode.Though theconfigurationisdifferent,themethods ofoperation,cleaning,and
maintenancearethesame. However, Z-spraycomponents and conventionalcomponents are
notcompatiblewithone another,butonlywithsimilarsystems(i.e.,Z-spraycomponents are
compatiblewithsome otherZ-spraysystems,etc.)

3.5Mass Lynx Software: System softwaredesignedforthespecificoperationoftheseQuattro
IIItriplequadrupolesystems.CurrentlyMassLynx hasWindows 95 and WindowsNT 4.0
versions.Allversionsaresimilar.Formore detailsseethemanual specifictotheinstrument
(Micromass QuattroIIItriplequadrupoleMassLynx orMassLynx NT User'sGuide).

4.0 WARNINGS AND CAUTIONS

4.1 Health and SafetyWarnings:

4.1.1 Use cautionwiththevoltagecablesfortheprobe.When engaged,theprobe
employs a voltageofapproximately5000 Volts.

4.1.2 When handlingsamplesorsolventswear appropriateprotectivegloves,eyewear,
and clothing.
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4.2 Cautions:

4.2.1 Do notoperatesolventpumps abovecapacityof400 bar(5800psi)backpressure.
Iftheback pressureexceeds400 bar,theHP 1100 willinitiateautomaticshutdown.

4.2.2 Do notrun solventpumps todryness.

5.0 INTERFERENCES

5.1 To minimize interferenceswhen analyzingsamples,teflonshouldnotbe usedforsample
storageor anypartofinstrumentationthatcomes incontactwith thesample orextract.

6.0 EouiPMENT

6.1 Equipment listedbelow maybe modifiedinordertooptimizethesystem.Documentany
modificationsintheraw dataasmethod deviations.

6.1.1 Micromass Quattro11triplequadrupoleMass Spectrometerequippedwithan
electrosprayionizationsource

6.1.2 HP1100 low pulsesolventpumping system,solventdegasser,column
compartment,and autosainpler

7.0 SUPPLIES AND MATERIALS

7.1 Supplies

7.1.1 High puritygradenitrogengasregulatedtoapproximately100 psi(House air
system)

7.1.2 BPLC analyticalcolumn,specificstobe determinedby theanalystand documented
intheraw data.

7.1.3 Capped autovialsorcapped 15 mL centrifugetubes

8.0 REAGENTS AND STANDARDS

8.1 Reagents

8.1.1'Methanol,B?LC gradeorequivalent

8.1.2 Nfilli-Q*mwater,allwaterusedinthismethod shouldbe Milli-Q' wateror
equivalent,and may be providedby a Milli-QTOC Plussystemorothervendor

8.1.3 Ammonium acetate,reagentgradeorequivalent

8.2 Standards

8.2.1 Typicallytwo method blanks,two matrixblanks,and eighteenmatrixstandardsare
preparedduringtheextractionprocedure.SeeETS-84.1.

9.0 SAMPLE HANDLING

9.1 Freshmatrixstandardsarepreparedwith eachanalysis.Extractedstandardsand samples
arestoredincapped autovialsorcapped 15 mL centriftigetubesuntilanalysis.
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9.2 Ifanalysiswillbe delayed,extractedstandardsand samplescanbe reftigeratedat
approximately4' C,oratroom temperature,untilanalysiscanbe performed.

10.0 OUALITY CONTROL

10.1 SolventBlanks,Method Blanks and MatrixBlanks

10.1.1Solventblanks,method blanksand matrixblanksarepreparedand analyzedwith
eachbatchtodeterminecontaminationorcarryover.

10.1.2Analyze a method blankand a matrixblankpriortoeachcalibrationcurve.

10.2 Matrix Spikes

10.2.1Matrixspikesarepreparedandanalyzedtodeterminethematrixeffecton the
recoveryefficiency.

10.2.2Matrix spikeduplicatesarepreparedand analyzedtomeasure theprecisionand the
recoveryforeachanalyte.

10.2.3Analyze a matrixspikeand matrixspikeduplicateperfortysamples,witha
minimum of2 spikesperbatch.

10.2.4Matrixspikeand matrixspikeduplicateconcentrationswillfallinthemid-rangeof
theinitialcalibrationcurve.Additionalspikeconcentrationsmay fallinthelow-
rangeoftheinitialcalibrationcurve.

10.3 Continuing CalibrationVerifications

10.3.1Continuingcalibrationverificationsareanalyzedtoverifythecontinuedaccuracy
ofthecalibrationcurve.

10.3.2Analyze a mid-rangecalibrationstandardaftereverytenthsample,witha minimum
ofone perbatch.

11.0 CALIBRATION AND STANDARDIZATION

11.1 Analyze theextractedmatrixstandardspriortoand followingeachsetofextracts.The
averageoftwo standardcurveswiU be plottedby linearregression(y= my + b),weighted
1/x,notforcedthroughzero,usingMassLynx orothersuitablesoftware.

11.2 Ifthecurvedoesnotmeet requirements,performroutinemaintenanceorreextractthe
standardcurve(ifnecessary)andreanalyze.

11.3 For purposesofaccuracywhen quantitatinglow levelsofanalyte,itmay be necessaryto
usethelow end of thecalibrationcurveratherthanthefullrangeofthestandardcurve.
Example: when attemptingtoquantitateapproximately10ppb ofanalyte,generatea
calibrationcurveconsistingofthestandardsfrom 5 ppb to100 ppb ratherthanthefull
rangeofthecurve(5ppb to1000 ppb).Thiswillreduceinaccuracyattributedtolinear
regressionweightingofhighconcentrationstandards.
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12.0PROCEDURES

12.1 AcquisitionSetup

12.1.1 Clickon startbuttonintheAcquisitionControlPanel.Setup a sample list.Assign
a filenameusingMO-DAY-last digitofyear-samplenumber, assigna method (MS)
foracquiring,and typeinsample descriptions.

12.1.2 To createa method clickon scanbuttonintheAcquisitioncontrolpanel and select
SIR (SingleIon Recording)orMRM. SetIonizationMode asappropriateand mass
to499 or otherappropriatemasses. A fullscanisusuallycollectedalong withthe
SIRS. Save acquisitionmethod. IfMS/MS instrumentsareemployed, additional
production fragmentationinformationmay be collected.See Micromass
MassLynx GUIDE TO DATA ACQLTISITION foradditionalinformationand
MRM (MultipleReactionMonitoring).

12.1.3Typicallytheanalyticalbatchrunsequencebeginswitha setofextractedmatrix
standardsand ends with a setofextractedmatrixstandards.

12.1.4.Samples areanalyzedwith a contiri4ingcalibrationcheck injectedaftereverytenth
sample. Solventblanksshouldbe analyzedperiodicallytomonitor possibleanalyte
carryoverand arenotconsideredsamples butmay be includedas such.

12.2 Using the Autosampler

12.2.1 Setup sample trayaccordingtothesample listpreparedinSection12.1.1.

12.2.2 Set-uptheBP 1100/autosampleratthefollowingconditionsor atconditionsthe
analystconsidersappropriateforoptimalresponse.Record actualconditionsin the
instrumentlogbook:

12.2.2.1Sample size= 10 @tLinjection

12.2.2.2Inject/sample= 1

12.2.2.3Cycle time= 13.5minutes

12.2.2.4Solventramp =

Time MEOH 2.0mM
Ammonium acetate

0.00 min. 40% 60%

8.50niin. 90% 10%
11.0min. 90% 10%

12.0niin. 40% 60%

12.2.2.5Pressthe"Start"button.

12.3 Instrument Set-up

12.3.1 Referto ETS-9-24.0 formore details.

12.3.2 Check thesolventlevelinreservoirsand refillifnecessary.
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12.3.3 Check thestainlesssteelcapillaryattheend oftheprobe. Use an eyepiecetocheck
thetip.The tipshouldbe flatwithno jaggededges. Ifthetipisfound tobe
unsatisfactory,disassembletheprobe and replacethestainlesssteelcapillary.

12.3.4 Set HPLC pump to"On". Set the flow to 10 -500 uL/min or as appropriate.
Observe dropletscoming outofthetipoftheprobe. Allow toequilibratefor
approximately 10 minutes.

12.3.5 Turn on thenitrogen.A finemistshouldbe expelledwithno nitrogenleaking
around thetipof theprobe.Readjustthetipof theprobe ifno mistisobserved.

12.3.6 The instrumentusestheseparametersatthefollowingsettings.These settingsmay
change in ordertooptimizetheresponse:

12.3.6.1Drying gas250-400 liters/hour

12.3.6.2ESI nebulizinggas 10-15 liters/hour

12.3.6.3BPLC constantflow mode, flow rate10 - 500 JiUmin

12.3.6.4Pressure<400 bar(Tbisparameterisnotset,itisa guideto ensurethe
B?LC isoperatingcorrectly.)

12.3.7 Carefullyguidetheprobeintotheopening.Insertprobe untilitwillnot go any
further.Connect thevoltagecablestotheprobe.

12.3.8 Printthetune page,with itsparameters,and storeitin thestudybinderwith a copy
tapedintotheinstrumentlog.

12.3.9 Using thecross-flowcounterelectrodeintheES/MS sourceisrecommended for
theanalysisofbiologicalmatrices. -

12.3.10CIickon startbuttonintheAcquisitionControlPanel(thismay vary among
MassLynx versions,seeappropriateMassLynx USER'S GUIDE). Pressthe start
button.Ensure startand end sample number includesallsamples tobe analyzed.

13.0 DATA ANALYSIS AND CALCULATIONS

13.1 Calculations:

13.1.4 Calculatematrixspikepercentrecoveriesusingthefollowingequation:

% Recovery Observed Result-Background Result x 100

Expected Result

13.1.5 Calculatepercentdifferenceusingthefollowingequation:

% Difference Expected Conc. -CalculatedConc. x 100
Expected Conc.

13.1.6 Calculateactualconcentrationof PFOS, orotherfluorochemical,inmatrix

(gg/ML):

(ngofPFOS calc.from std.Curvex DilutionFactor) x 1 Mg
(InitialVolume ofmatrix(mL) + mL ofSurrogateStandard) 1000 ng

FinalVolume (mL)
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14.0 METHOD PERFORMANCE

14.1 Method DetectionLimit(MDL) and LimitofQuantitation(LOQ) aremethod,analyte,and
matrixspecific.PleaseseeETS-84.1, Attachment B, fora listingofcurrentvalidated
MDL and LOQ values.

14.2 SolventBlanks,Method Blanks,and Matrix Blanks

14.2.1Solventblanks,method blanks,andmatrixblanksvaluesaremust be below the
loweststandardinthecalibrationcurve

14.3 CalibrationCurves

14.3.1The r'valueforthecalibrationcurvemust be 0.980orbetter.

14.4 Matrix Spikes

14.4.1Matrix spikepercentrecoveriesaremust be within± 30% ofthespiked
concentration.

14.5 Continuing CalibrationVerirications

14.5.1Continuingcalibrationverificationpercentrecoveriesmust be ± 30% ofthespiked
concentration.

14.6 Ifcriterialistedinthismethod performancesectionisn'tmet,maintenancemay be
performed on thesystem and samplesreanalyzedorotheractionsasdeterminedby the
analyst.Document allactionsintheappropriatelogbook.

14.7 Ifdataaretobe reportedwhen performancecriteriahave not been met, thedatamust be
footnotedon tablesand discussedinthetextofthereport.

15.0 POLLUTION PREVENTION AND WASTE MANAGEMENT

15.1 Sample extwt waste and fiammablesolventisdisposedinhighBTU containers,and glass
pipettewasteisdisposedinbrokenglasscontainerslocatedinthelaboratory.

16.0 REcoRDs

16.1 Each page generatedfora studymust have thefollowinginforxnationincludedeitherinthe
headerorhand writtenon thepage: studyorprojectnumber, acquisitionmethod,
integrationmethod, samplename, extractiondate,dilutionfactor(ifapphcable),and
analyst.

16.2 Printthetunepage,samplelist,and acquisitionmethod from MassLynx toincludeinthe
appropriatestudyfolder.Copy thesepages andtapeintotheinstrumentrunlog.

16.3 Plotthecalibrationcurveby linearregression,weighted 1/x,thenprintthesegraphsand
storeinthestudyfolder.

16.4 Printdataintegrationsummary, integrationmethod,and chromatograms,from MassLynx,
and storeinthestudyfolder.
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16.5 Summarize datausingsuitablesoftware(Excel5.0)andstoreinthestudyfolder,see
Attachment A foran example ofa summary spreadsheet.

16.6 Back up electronicdatatoappropriatemedium. Record instudynotebookthefilename
and locationofbackup electronicdata.

17.0 TABLES,,DIAGRAms, FLOWCHARTS, AND VALIDATION DATA

17.1 AttachmentA: ETS-8-5.1 Datasummary spreadsheet.

18.0 REFERENCES

18.1 FACT-M-4. 1,"ExtractionofPotassiumPerfluorooctanesulfonateorOtherFluorochemical
compounds from SeniinforAnalysisUsing BPLC-Electrospray/MassSpectrometry

18.2 ETS-9-24.0,"OperationandMaintenanceoftheMicromass AtmosphericPressure
Ionization/MassSpectrometerQuattroI[[triplequadrupoleSystems"

18.3 The validationreportassociatedwith thismethod isETS-84.0 & 5.0-V-1.

19.0 AFFECTED DOCUMENTS

19.1 ETS-84. 1,"ExtractionofPotassiumPerfluorooctanesulfonateorOtherFluorochemical
Compounds from Serum forAnalysisUsing BPLC-Electrospray/MassSpectrometry"

20.0 REvisioNs

Revision Revision
Number. Reason For Revision Date

I Section6.1.2ClarificationofBPI 100 systemcomponents. 04/02/99
Section11.1 Average oftwo curves,notstandardvalues,areused for
plottinglinearregressionand added theI/xweightingofthecurve.
Section12.2.2.4Clarificationofsolventramp.
Section17.1Changed from attachmentB toA.
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Laboratory Study

Study:
TestMaterial:
Mabix/FinalSolvent:
Method/Revision:
AnalyticalEquipment System Number:
InstnunentSoftwareNersion:

Filename:
R-Squared Value:
Slope:
Y Intercept:
DateofExtraction/Analyst:
DateofAnalysis/Analyst

Group Sample# Concentration InitialVol. Dilution FinalConc.

Dose uginil ML Factor

Slope: Taken from linearregressionequation.
Group/Dose: Taken from thestudyfolder.
Sample#: Taken from thestudyfolder.
Concentration(ug/mL): Taken from theMassLynx integrationsummary.
InitialVolume (niL):Taken fromthestudyfolder.
DilutionFactor: Taken from thestudyfolder.
FinalConc. (ug/mL): Calculatedby dividingtheinitialvolume from theconcentration

AttachmentA: Sun=ary Spreadsheet ETS-8-5.1 Page 9 of9
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3M ENVIRONMENTAL LABORATORY

METHOD

EXTRACTION OF POTASSIUM PERFLUOROOCTANESULFONATE OR OTHER

FLUOROCREWCAL CompouNDs FRom LIVER FOR ANALYSIS USING HPLC-

ELECTROSPRAY/MASS SPECTROMXTRY

Method Number: ETS-8-6.0 AdoptionDate: 031-17-1.gLI

RevisionDate:

Author: LisaClemen, RobertWynne

Approved By:

2,
LaboratoryManager Date

AA

Group Leader Date

1-i,v,A 07/lqlqti

TechnicalReviewer Date

1.0 SCOPE AND APPLICATION

1.1Scope: This method isfortheextractionofpotassiumperfluorooctanesulfonate(PFOS) or
otherfluorochemicalcompounds from liver.

1.2Applicable Compounds: Fluorochemicalsurfactantsorotherfluorinatedcompounds.

1.3Matrices: Rabbit,rat,bovine,and monkey liversorothertissuesas designatedin the
validationreport.
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2.0SUMMARY OF METHOD

2.1 This method describestheprocedureforextractingpotassiumperfluorooctanesulfonate
(PFOS) or otherfluorochemicalsurfactantsfrom liver,or othertissues,usingan ionpairing
reagentand methyl-tert-butylether(MtBE). In thismethod, seven fluorochemicalscan be
extracted:PFOS, PFOSA, PFOSAA, ETFOSE-OH, PFOSEA, M556, and surrogate
standard.An ion pairingreagentisadded tothesample and theanalyteionpairis
partitioned into MTBE. The MTBE extract istransferred to a centrifuge tube and put onto a
nitrogen evaporator untildry. Each extractisreconstitutedin 1.0 mL methanol then

filteredthrough a 3 cc plasticsyringeattachedto a 0.2 gm nylon filterinto glassautovials.

2.2 These sample extractsare analyzed following method ETS-8-7.0 or otherappropriate

methods.

3.0 DEFINITIONS

3.1 PFOS: perfluorooctanesulfonate (anion of potassium salt)C,F,7SO3

3.2 PFOSA: perfluorooctane sulfonylamide C,F,7SO2NH2

3.3 PFOSAA: perfluorooctanesulfonylamido (ethyl)acetateCsF,7SO2N(CH2CH3)CH2CO2

3.4 ETFOSE-OH: 2(N-ethylperfluorooctanesulfonamido)-ethylalcohol

C,F,7So2N(CH2CH3)CH2CH20H

3.5 PFOSEA: perfluorooetane sulfonylethylamide C8F,7SO2N(CH2CH3)H

3.6 M556: CBF17So2N(H)(CH2COOH)

3.7 Surrogate standard: IH- 1H-2H-2H perfluorooctane sulfonicacid

4.0 WARNINGS AND CAUTIONS

4.1 Health and Safety Warnings:

4.1.1 Use universal precautions, especiallylaboratory coats,goggles, and gloves when

handling animal tissue,which may containpathogens.

5.0 INTERFERENCES

5.1 There are no interferencesknown atthistime.

6.0 EOUIPMENT

6.1 The following equipment isused while performing thismethod. Equivalent equipment is

acceptable.

6.1.1 Ultra-TurraxT25 Grinder forgrindingliversamples

6.1.2 Vortex mixer, VWI;@ Vortex Genie 2

6.1.3 Centrifuge,Mistral1000 orIEC

6.1.4 Shaker, Eberbach or VV@R
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6.1.5 NitrogenEvaporator,Organomation

6.1.6 Balance(sensitivityto0.100g)

7.0 SUPPLIES AND MATERIALS

7.1 Gloves

7.2 Dissectingscalpels

7.3 Eppendorfordisposablepipettes

7.4 Nalgene bottles,capableofholding250 mL and 1 L

7.5 Volumetricflasks,glass,typeA

7.6 I-CHEM vials,40 mL glass

7.7 Plasticsampule vials,Wheaton, 6 mL (orappropriatesize)

7.8 Centrifugetubes,polypropylene,15mL

7.9 Labels

7.10 OxfordDispensor- 3.0to10.0ml

7.11 Syringes,capableofmeasuring5 gL to50 gL

7.12 Graduatedpipettes

7.13 Syringes,disposableplastic,3 cc

7.14 Syringefilters,nylon,0.2lim,25 mm

7.15 Timer

7.16 Crimp capautovialsand caps

7.17 Crimpers

Note: Priortousingglasswareandbottles,rinse3 timeswithmethanoland 3 timeswithMilli-
Q' water.Rinse syringesa minimum of9 timeswithmethanol,3 rinsesfrom 3 separate
vials.

8.0 REAGENTS AND STANDARDS

8.1 Type Ireagentgradewater,MiRi-QTm orequivalent;allwaterused inthismethod should
be Milli-Q'waterand be providedby a Milli-QTOC PluiTmsystem

8.2 Sodium hydroxide(NaOH), J.TBakerorequivalent

8.3 Tetrabutylammoni= hydrogensulfate(TBA),Kodak orequivalent

8.4 Sodium carbonate(Na2CO3),J.T.Baker orequivalent

8.5 Sodium bicarbonate(NaHC03), J.T.Baker orequivalent

8.6 Methyl-tert-butylether,Omnisolv,glassdistilledorBPLC grade

8.7 Methanol,Oinnisolv,glassdistilledorBPLC grade

8.8 Liver,frozenfrom su@plier

8.9 Dry icefrom supplier

8.10 Fluorochemicalstandards

8.10.1PFOS (3M SpecialtyChemicalDivision),molecularweight= 538
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8.10.2PFOSA (3M SpecialtyChemicalDivision),molecularweight= 499

8.10.3 PFOSAA (3M SpecialtyChemicalDivision),molecularweight= 585

8.10.4 ETFOSE-OH (3M SpecialtyChemicalDivision),molecularweight= 570

8.10.5 PFOSEA (3M SpecialtyChemicalDivision),molecularweight= 527

8.10.6 M556 (3M SpecialtyChemicalDivision),molecularweight= 557

8.10.7 Surrogatestandard:4-H,perfluorooctanesulfonicacid(1-H,1-H,2-H,2-H
C,F13SO3H)molecularweight= 428

8.10.8 Otherfluorochemicals,asappropriate

8.11 Reagent preparation

NOTE: When preparinglargervolumes thanlistedinreagent,standard,orsurrogate
preparation,adjustaccordingly.

8.11.1 10 N sodium hydroxide(NaOH): Weigh approximately200 g NAOH. Pour intoa
1000mL beakercontaining500 niL Milli-Q'water,mix untilallsolidsare
dissolved.Storeina 1 L Nalgene bottle.

8.11.2 1 N sodium hydroxide(NaOH): Dilute10N NAOH 1:10. Measure 10 mL of
10 N NAOH solutionintoa 100 mL volumetricflaskand dilutetovolume using
Milli-Q' water.Storeina 125 mL Nalgenebottle.

8.11.30.5M tetrabutylammoniumhydrogensulfate(TBA): Weigh approximately169 g
ofTBA intoa 1 L volumetriccontaining500 mL Milli-Q"Mwater.Adjustto
pH 10 usingapproximately44 to54 mL of 10N NAOH (WhileaddingthelastmL
ofNAOH, add slowlybecausethepH changesabruptly).Dilutetovolume with
Milli-Q'water.Storeina 1 L Nalgenebottle.

8.11.3.1TBA requiresa checkpriortoeachusetoensurepH = 10. Adjustas
neededusingIN NAOH solution.

8.11.40.25M sodiumcarbonate/sodiumbicarbonatebuffer(NaCO,/NaHCO,): Weigh
approximately26.5g ofsodium carbonate(Na2C03)and 21.0g ofsodium
bicarbonate(NaHC03)into a 1 L volumetricflaskand bringtovolume withNElli-
Q' water.Storeina 1 L Nalgenebottle.

8.12 Standardspreparation

8.12.1PreparePFOS standardsforthestandardcurve.

8.12.2Prepareotherfluorochemicalstandards,asappropriate.Multicomponent
fluorochemicalstandardsareacceptable(forexample,one working standard
solutioncontaining1.00ppm PFOS, 1.02ppm PFOSA, 0.987ppm PFOSAA, and
1.10ppm EtFOSE-OH.)

8.12.3 Weigh approximately100mg ofPFOS intoa 100niL volumetricflaskand record
theactualweight.

8.12.4Bring tovolume withmethanolfora stockstandardofapproximately1000ppm
(gg/ML).

8.12.5Dilutethestocksolutionwithmethanolfora workingstandardI solutionof
approximately50 ppm.
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8.12.6Dilutethestocksolutionwithmethanolforaworkingstandard2 solutionof
approx.5.0ppm.

8.12.7Dilutethestocksolutionwithmethanolfora working standard3 solutionof
approx.0.50ppm.

8.13 Surrogatestockstandardpreparation

8.13.1Weigh approximately50-60mg ofsurrogatestandard1-H,I-H,2-H,2-H,
C,F13So3H intoa 50 ml volumetricflaskand recordtheactualweight.

8.13.2Bring tovolume withmethanolfora surrogatestockofapproximately1000-1200

PPM-
8.13.3Preparea surrogateworkingstandard.Transferapproximately1.0ml ofsurrogate

stocktoa 10ml volumetricflaskand bringtovolume withmethanolfora
working standardof 10-20ppm. Recordtheactualvolume tr=ferred.

9.0 SAMPLE HANDLING

9.1 Allsamplesarereceivedfrozenandmust be keptfrozenuntiltheextractionisperformed.

10.0 OUALITY CONTROL

10.1 Matrix blanksand method blanks

10.1.1An aliquotof 1.0mL methanolisused asa solventblank.

10.1.2Extracttwo 1.0niLahquotsofl@filli-Q'waterfollowingthisprocedureand use
asmethod blanks.

10.1.3Extracttwo 1.0mL aliquotsofliverhomogenate followingthisprocedureand use
asmatrixblanks.Referto11.1.6.

10.2 Matrix spikes

10.2.1 Prepareand analyzematrixspikeand matrixspikeduplicatesamples todetermine
theaccuracyoftheextraction.

10.2.2 Prepareeachspikeusinga sample chosenby theanalyst,usuallya controlliver
receivedwith eachsample set.

10.2.3 Expectedconcentrationswillfallinthemid-rangeoftheinitialcalibrationcurve.
Additionalspikesmay be includedand may fallinthelow-rangeoftheinitial
calibrationcurve.

10.2.4 Prepareone matrixspikeand matrixspikeduplicateper40 samples,with a
minimum of2 matrixspikesperbatch.

10.3 Continuing calibrationverifications

10.3.1Preparecontinuingcalibrationverificationsamplestoensuretheaccuracyofthe
initialcalibrationcurve.

10.3.2Prepare,ata minimum, one continuingcalibrationverificationsamplepergroup
of 10 samples. Forexample,ifa sampleset= 34,fourverificationsareprepared
and extracted.
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10.3.3 Prepareeach continuingcalibrationverificationfrom thesame matrixusedto
preparetheinitialcurve.

10.3.4 The expectedconcentrationswillfallwithinthemid-rangeoftheinitial
calibrationcurve.Additionalspikesmay be includedthatfallinthelow-rangeof
theinitialcalibrationcurve.Thisisnecessaryiftheanalystmust quantitateusing
onlythelow end ofthecalibrationcurve(forexample,5 ppb - 100ppb,father
than5 ppb - 1000ppb).

11.0 CALIBRATION AND STANDARDIZATION

11.1Preparematrixcalibrationstandards

11.1.1Weigh approximately40 g ofliverintoa 250 mL Nalgene bottlecontaining200
mLs Milli-QTmwater.Grindtoa homogeneous solution.

11.1.2 If40 g isnotavailable,useappropriateamounts ofliverand watertoensurea 1:5
ratio.

11.1.3 Referto13.0tocalculatetheactualdensityofliverhomogenate and the
concentrationofsolidlivertissuedispersedin1.0mL ofhomogenate solution.

11.1.5Add I mL ofhomogenatetoa 15mL centrifugetube.Re-suspendsolutionby
shakingbetween aliquotswhilepreparinga totalofeighteenImL aliquotsof
homogeneous solutionin15 mL centrifugetubes.

11.1.6 Two 1 mL aliquots,orotherappropriatevolume,serveasmatrixblanks.

11.1.7 Typicallyusethestandardconcentrationsand spikingamounts listedinTable 1,at
theend ofthissection,tospike,induplicate,two standardcurves,fora totalof
eighteensamples,two matrixblanks,and two method blanks.

11.1.8Refer tovalidationreportsETS-8-6.0 and ETS-8-7.0-V-1 or Attachment B,
which liststheworking rangesand theLinearCalibrationRange (LCR) for
calibrationcurves.

11.1.9Use Attachment C as an aidincalculatingtheconcentrationsoftheworking
standards.Referto13.0tocalculateactualconcentrationsofPFOS incalibration
standards.

11.2 To eachworking standard,blank,orcontinuingverification,add appropriateamount of
surrogateworking standardfortheconcentrationtofallwithinthecalibrationcurverange5
ppb -1000ppb.
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11.3 Extractspikedliverhomogenates following12.14-12-25ofthismethod.Use these
standardstoestablisheach initialcurveon themass spectrometer.

Table 1
Approximate SpikingAmounts forCalibrationStandards

Working Standard [LI Approx.finalconc.of
(Approx.Conc.) PFOS inliver

- Blank
0.50ppm 2 0.005ppm

0.50ppm 4 0.010ppm
0.50ppm 10 0.025ppm
0.50ppm 20 0.050ppm
0.50ppm 40 0.100 ppm

5.0ppm 10 0.250ppm
5.0ppm 20 0.500ppm
5.0ppm 30 0.750
50 ppm 4 1.00ppm

12.0 PROCEDURE

12.1 Obtainfrozenliversamples.

12.2 Cut approximately1 g of liverusinga dissectingscalpel.Thispartoftheprocedureisbest
performedquickly,notallowingthelivertothaw.

12.3 Weigh thesample directlyintoataredplasticsampulevial.

12.4 Record theliverweightinthestudynotebook.

12.5 Returnunused liverportionstofreezer.

12.6 Add 2.5mLs ofwatertosampulevial.

12.7 Grind thesample.Putthegrinderprobeinthesampleand grindforabout2 minutes,or
untilthesample ishomogeneous.

12.8 Rinsetheprobeintothesamplewith 2.5mLs waterusingapipette.

12.9 Take thegrinderapartand cleanitwithmethanolaftereachsample.Referto AMDT-EP-
22.

12.10 Cap thesample and vortexfor15 seconds.Labelthesampulevialwiththestudynumber,
weight,liverID,dateand analystinitials.
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12.11 Pipette1.0mL, or otherappropriatevolume, of homogenate intoa 15 mL polypropylene
centrifugetube.Label thecentrifugetubewith theidenticalinformationas thesampule
vial.Referto attachedworksheetfordocumenting theremainingsteps.

12.12 Pipettetwo 1 mL aliquotsofMilli-Q' watertocentrifugetubes.These willserveas
method blanks.

12.13 Spike allsamples,includingblanksand standardsreadyforextractionwith surrogate
standardas describedinsection11.2.

12.14 Spike each matirx with theappropriateamount of standardas describedin 11.1,or Table I
of thatsection,forthecalibrationcurvestandards.Also preparematrixspikesand
continuingcalibrationstandards.

12.15 Vortex mix thestandardcurvesamples,matrixspikesamples,and continuingcalibration
samples for15 seconds.

12.16 Check to ensure0.5M TBA reagentisatpH 10. Ifnot,adjustaccordingly.

12.17 To each sample,add 1 niL 0.5M TBA and 2 mL ofthe0.25M sodium carbonate/sodium
bicarbonatebuffer.

12.18 Using an Oxford Dispenser,add 5 mL methyl-tert-butylether.

12.19 Cap each sample and put on theshakerata settingof 300 rpm, for20 minutes.

12.20 Centrifugefor20 to25 minutes ata settingof3500 rpm, or untillayersarewell separated.

12.21 Label a fresh15 mL centrifugetubewith thesame informationasin 12.10.

12.22 Remove 4.0mL of theorganiclayerto thefresh15 niL centrifugetube.

12.23 Put each sample on theanalyticalnitrogenevaporatoruntildry,approximately I to2
hours.

12.24 Add 1.0mL to each centrifugetubeusing agraduatedpipette.

12.25 Vortex mix for30 seconds.

12.26 Attach a 0.2 4m nylon mesh filtertoa 3 cc syringeand transferthe sample to thissyringe.
Filterintoa 1.5mL glassautovialor low-volume autovialwhen necessary.

12.27 Label theautovialwith thestudynumber, animal nwnber and gender,sample timepoint,
matrix,finalsolvent,extractiondate,and analyst(s)performingtheextraction.

12.28 Cap and storeextractsatroom temperatureor atapproximately4 'C untilanalysis.

12.29 Complete theextractionworksheet,attachedtothisdocument, and tapeinstudynotebook
or includein studybinder,as appropriate.
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13.0DATA ANAL'VSIS AND CALCULATIONS

13.1 Calculations:

13.1.1 Calculatetheaveragedensityoftheliverhomogenate by recordingeach mass of
tenseparate1.0mL aliquotsofhomogenate.

Average density(mg/mL) = Average mass (mg) ofthealiguots

1.0mL aliquot

13.1.2 Calculatetheamount ofliver(mg) per 1.0mL homogenate (orconcentrationof
dispersedsolidtissuepermL of homogenate suspension)usingthefollowing
equation:

g ofLiver x Average density*ofhomogenate (m-g/mL)
(gofLiver+.gofWater)

referto13.1.1fordetails.

13.1.3CalculateactualconcentrationsofPFOS and otherfluorochemicalsincalibration
standardsusingthefollowingequation:

aL of Standardx Concentration(ag /n-iL)= FinalConcentration(pLg/gormg/kg)
mg Liver/1niL homogenate* ofPFOS inLiver

*referto 13.1.2fordetails.

14.0 METHOD PERFORMANCE

14.1 The method detectionlimit(NIIDL)isanalyteand matrixspecific.RefertoMDL reportfor
specificMDL and limitofquantitation(LOQ) values(refertoAttachments B and C).

14.2 The followingqualitycontrolsamplesareextractedwitheachbatchofsamplestoevaluate
thequalityof the extractionand analysis.

14.2.1 Method blanksand matrixblanks.

14.2.2 Matrix spikeand matrixspikeduplicatesamples todetermineaccuracyand
precisionof theextraction.

14.2.3 Continuingcalibrationverificationsamples todeterminethecontinuedaccuracy
of theinitialcalibrationcurve.

14.3 Refer to section14 of ETS-8-7.0 formethod performancecriteria.

15.0 POLLUTION PREVENTION AND WASTE MANAGEMENT

15.1 Sample waste isdisposedinbiohazardcontainers,flammable solventwaste isdisposedin
high BTU containers,and used glasspipettewaste isdisposedinbroken glasscontainers
locatedin thelaboratory.
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16.0RECORDS

16.1 Complete theextractionworksheetattachedtothismethod,and tapeinthestudynotebook
or includeinthe3-ringstudybinder,asappropriate.

17.0 TABLES. DIAGRAms, FLOWCHARTS, AND VALIDATION DATA

17.1 AttachmentA, Extractionworksheet

17.2 AttachmentB, MDL/LOQ valuesandsununary

17.3 AttachmentC, Calibrationstandardcalculationand concentrationworksheet

18.0 PEFERENCES

18.1 The validationreportassociatedwiththismethod isETS-8-6.0 & 7.0-V-1.

18.2 AMDT-EP-22, "RoutineMaintenanceofUltra-Tun-axT-25"

18.3 FACT-M- 1.1,"ExtractionofPFOS orOtherAnionicFluorochemicalSurfactantsfrom
LiverforAnalysisUsingBFLC-Electrospray/MassSpectrometry"

19.0 AFFECTED DOCUMENTS

19.1 ETS-8-7.0,"AnalysisofLiverExtractsforFluorochemicalsusingIiPLC-Electrospray
Mass Spectrometry"

20.0 REvisIONS

Revision Revision
Number. Reason For Revision Date
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Study SurrogateStd FC Mix Std FC Mix Std FC Mix Std Comments
Matrix approx. ppm approx.0.5ppm 'approx.5 ppm approx.50 ppm

Box # actual ppm actual PPM actual PPM actual PPM
Wk/Day_

Date Spiked/Analyst
ccv
ms
MSD

Blank LiverHomogenate: Std Liveramount g
LiverExtractionMethod Date& Initials

Spikesurro-gateandStandardmix,Vortex15 sec.
PipetteImL ofLiverSolution
PipetteImL oftO.5M TBA, pH 10. pH Std.

Pipette2 mL of0.25Na2CO3/0.25M NaHC03 Buffer Std.
Dispense5mlof Methyl-t-ButylEther TN-A-
Shake20 min. ShakerSpeed
CentrifuLye20-25min. CentrifuizeSveed
Remove a4 mL aliquotoforganiclayer
Puton NitrogenEvaporatortodryness EvaporatorTemperature
Add 1.0mL ofMethanol TN-A-
Vortex30 sec.

IFilterusinga 3ceB-D syringewitha 0.2@LmSRI fiitet-intoautosamplevial
Cont.Cal.Verificationsusedthesame matrixasforthestandardcurve.
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:L, 7'7

MDL/LOQ valuesforrabbitliver

Compound MDL LOQ LinearCalibrationRange(LCR)
(ppb) (ppb) Approximateconcentrationstobeusedforpreparingthe

StandardCalibrationCurve

PFOS 8.45 26.9 30 ppb - 1200 ppb

PFOSA 3.50 11.1 12ppb - 1200 ppb
PFOSAA 24.6 78.3 30 ppb - 1200ppb
ETFOSE-OH 108 345 60 ppb - 900 ppb*

M556 82.3 262 60 ppb - 1200 ppb
PFOSEA 33.9 108 130 ppb- 1200 ppb

MDL/LOQ valuesinrat,bovine,andmonkey liverwerenotstatisticallydetermined.Two
curvesineach ofthesematriceswere extractedand analyzedwiththerabbitlivercurvesto
determineequivalence.Responsesintherat,bovine,andmonkey livercurveswere equivalentto
therabbitresponses,therefore,theirNML andLOQ willbe assumed tobe equivalenttothose
valuesasdeterminedfortherabbitliver.

RefertoLOQ Summary andMDL studyinETS-8-6.0& 7.0-V-1forftutherinformation
* ETFOSE-OH estimatesonlyforMDL andLOQ. Did notmeetcriteriaforvalidation.
Compound: PFOS

Prepared Range of LCR from Range of :LCR from. Range of LCR from
Liver rangeof average ave curve.-.: low std @:.@l6@viid:: highstd td:high @s.
matrix standards curve curve ,.cur

,
ve..:,,, curve

(ppb)(ng/ffiL)(ppb)(ng/-L) (pOb) (ng/ (ppb)(ng/-L) (ppb (lighiiL) (ppb)(ng/mL) (0@b)

Rabbit 6.19-1237 12 - 1200 12 1200: 6 300 12 -:@00 60-1200 60 - 1200..-.;.

Compound: PFOSA
Prepared Range of LCR fibm Range of L.CR froni.i;Range of LCR froi@n.

Liver rangeof average ave:curve low std low std highstd '.hii4sjij':
matrix standards curve curve.@@..curve curve::t;t curve

(ppb)(ngImL) (ppb)(ng/TnL) (ppb)(ng/mL) (ppb)(ng/mL) .(ppb):,(nitfiiL)- (ppb)(ngirnl)

Rabbit 6.19-1237 12-1200 12 l@200.1 12-300 .12-.300 60-1200 60 1200

Compound: PFOSAA
Prepared Range of LCR from Range of LCR from Range of LCR from

Liver rangeof average ave curve low std low std high std highstd

matrix standards curve curve curve curve curve
@ (ppb)(ng/mL) (ppb)(ng/mL) (ppb)(ng/mL) (ppb)(ng/mL) (ppb)(ng/mL) (ppb)(ng/mL) (Ppb)(ng/mL)

Rabbit 6.16- 1232
1

12-1200 30-1200 30-900 60-900 N/A N/A
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Compound: ETFOSE-OH
Prepared Range of LCR from Range of LCR from Range of LCR from

Liver rangeof average ave curve low std low std highstd high std

matrix standards curve curve curve curve curve
(ppb)(ng/mL) (ppb)(ng/-L) (ppb)(ng/-L) (ppb)(ng/mL) (ppb)(ng/-L) (ppb)(ng/mL) (ppb)(ng/mL)

Rabbit 6.17- 1235 1 31 -900 31-900 N/A N/A N/A N/A

Compound: PFOSEA
Prepared Range of LCR from Range of LCR from Range of LCR from

Liver rangeof average ave curve low std low std highstd highstd

matrix standards curve curve curve curve curve
(ppb)(ng/-L) (ppb)(ng/mL) (Ppb)(ng/-L) (ppb)(ng/mL) (ppb)(ng/mL) (ppb)(ng/mL) (ppb)(ng/mL)

Rabbit 6.17-1235 31 -1200 .31 - 1200@.. N/A N/A N/A N/A

Compound: M556
Prepared Range of LCR from Range of LCR from Range of LCR front...

Liver rangeof average ave,.curve, low std low std highstd .highstd

matdx standards curve curve .curve,@. curve curve,,.
(ppb)(ng/-L) (ppb)(ng/InL) (ppb)--(ng/rnL)(ppb)(ng/-L (pob)@'(nghnL) (ppb)(ng/mL) (Vpb).(nerfi4y

;N/A N/A N/ARabbit 6.17-1235 31-1200 N/A
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Ion PairStandard Curves - Tissue

Prep date(s): Standard number:

Analyte(s): Equipment number:

Sample matrix: Finalsolventand TN:
Blank liver/identifier:

Method/revision:
Targetanalyte(s):
FC mix stdapprox. 0.500 ppm:
FC mix stdapprox. 5.00ppm:
FC mix stdapprox. 50.0ppm:
Surrogate stdapprox. 100 ppm:

Actual concentrationsof standardsintheFC mix
PFOS PFOSA PFOSAA ETFOSE PFOSEA M556 AU AU
Stdconc Std conc Std conc Stdconc Stdconc Std conc Std conc An@t spiked Density
ug/mL ug/niL ug/n2L ug/raL ug/mL ug/mL ug/mL ML 9
0.500 0.500 0.500 0.500 0.500 0.500 0.002 0.167
0.500 0.500 0.500 0.500 0.500 0.500 0.004 0.167

0.500 0.500 0.500 0.500 0.500 0.500 0.010 0.167

0.500 0.500 0.500 0.500 0.500 0.500 0,020 0.167

0.500 0.500 0.500 0.500 0.500 0.500 0.040 0.167
5.00 5.00 5.00 5.00 5.00 5.00 0.010 0.167
5.00 5.00 5.00 5.00 5.00 5.00 0.020 0.167

5.00 5.00 5.00 5.00 1 5.00 5.00 0.030 0.167

50.0 50.0 1 50.0 50.0 50.0 50.0 0.004 0.167

Calculated concentrationsof standards in the sample mafaix
PFOS PFOSA PFOSAA ETFOSE PFOSEA M556 Surrogate All
Final Final Finalconc Final Final Final Stdconc Std conc Ardt
conc conc ng/g conc conc conc ng/g ng/mL spiked
ng/g ng/g ng/g ng/g nglg ML

5.99 5.99 5.99 5.99 5.99 5.99 100 0.005

12.0 12.0 12.0 12.0 12.0 12.0
29.9 29.9 29.9 29.9 29.9 29.9 Surrogate

59.9 59.9 59.9 59.9 59.9 59.9 Finalconc

120 120 120 120 120 120 ng/mL

299 299 299 299 299 299 0.500

599 599 599 599 599 599
898 898 898 898 898 898
1198 1198 1198 1198 1198 1198

Validatedranges- approxim e concentrations
Liver PFOS PFOSA PFOSAA ETFOSE-OH P@ PFOSEA
Rabbit 5-1000ppb 5-1000ppb 5-1000ppb 5-1000ppb 5-1000ppb 5-1000ppb
Bovine Estimatesonly,usembbitvalues.
Rat Estimatesonly,usembbitvalues.

Monkey Estimatesonly,userabbitvalues.
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1.0 SCOPE AND APPLICATION

1.1Scope: Thismethod isfortheanalysisof liverextractsforfluorochemicalsurfactantsusing
BPLC-electrospray/mass spectrometry.

1.2Applicable Compounds: Fluorochemicalsurfactantsor otherfluorinatedcompounds, or
otherionizablecompounds.

1.3Matrices: Rabbit,rat,bovine,monkey liver,or othertissuesasdesignatedinthevalidation
report.
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2.0SUMMARYOFMETHOD

2.1 This method describestheanalysisoffluorochemicalsurfactantsextractedfrom liverusing
HPLC-electrospray/massspectrometry,orsimilarsystemasappropriate.The analysisis
performedby monitoringa singleioncharacteristicofa particularfluorochemical,suchas
theperfluorooctanesulfonate(PFOS) anion,m/z = 499. Additionally,samplesmay be
analyzedusinga tandem mass spectrometertofurtherverifytheidentityofa compound by
detectingdaughterionsoftheselectedparention.

3.0 DEFINITIONS

3.1Atmospheric Pressure Ionization(API):The Micromass QuattroH triplequadrupole
systemsallowforvariousmethods ofionizationby utilizingvarioussources,probes,and
interfaces.These includebutarenotlimitedto:ElectrosprayIonization(ESI),Atmospheric
PressurechemicalIonization(APcI),Thermospmy, etc.The ionizationprocessinthese
techniquesoccursatatmosphericpressure(i.e.notundera vacuum).

3.2ElectrosprayIonization(ES,ESI):amethod ofionizationperformedatatmospheric
pressure,whereby ionsinsolutionaretransferredtothegasphaseviatinychargeddroplets.
These chargeddropletsareproducedby theapplicationofa strongelectricalfield.

3.3Mass Spectrometry,Mass Spectrometer(MS), Tandem Mass Spectrometer (MS/MS):
The API Quattro][Itriplequadrupolemass spectrometerisequippedwithtwo quadrupole
mass selectivedetectorsanda collisioncell.Ionsareselectivelydiscriminatedby mass to
chargeratio(m/z)and subsequentlydetected.A singleMS may be employed forion
detectionoran ionmay be selectedinthefirstquadrupole,fragmentedinthecollisioncell,
and thesefragmentsmay be analyzedinthesecond quadrupole.

3.4Conventional vs.Z-spray probe interface:The latestmodels ofMicromass QuattroH
triplequadrupole(post1998)utilizea "Z-spray"conformation.The sprayemittedfrom a
probe isorthogonaltotheconeaperture.Intheconventionalconformationitisaimed
directlyatthecone aperture,afterpassingthroughatortuouspathway inthecounter
electrode.Though theconfigurationisdifferent,themethods ofoperation,cleaning,and
maintenancearethesame. However, Z-spraycomponents and conventionalcomponents are
notcompatiblewithone another,butonlywithsimilarsystems(i.e.Z-spraycomponents are
compatiblewithotherZ-spraysystems,etc.)

3.5Mass Lynx Software: System softwaredesignedforthespecificoperationoftheseQuattro
][Itriplequadrupolesystems.CurrentlyMassLynx hasWindows 95 and WindowsNT 4.0
versions.Allversionsaresimilar.Formore detailsrefertothemanual specifictothe
instrument(Micromass QuattroH triplequadrupoleMassLynx orMassLynx NT User's
Guide).

4.0 WARNINGS AND CAUTIONS

4.1 Healthand SafetyWarnings:

4.1.1 Use cautionwiththevoltagecablesfortheprobe.When engaged,theprobe
employs a voltageofapproximately5000 Volts.

ETS-8-7.0 Page 2 of 10

Analysisof LiverExtractUsing ESIMS



4.1.2 When handlingsamplesor solventswear appropriateprotectivegloves,eyewear,
and clothing.

4.2 Cautions:

4.2.1 Operatethesolventpumps below aback pressureof400 bar (5800psi).Iftheback
pressureexceeds 400 bar,theHP 1100 willinitiateautomaticshutdown.

4.2.2 Do not ran solventpumps todryness.

5.0 INTERFERENCES

5.1 To minimize interferenceswhen analyzingsamples,Teflonshallnot be used forsample
storageor any partofinstrumentationthatcomes incontactwith thesample or extract.

6.0 EouIPMENT

6.1 Equipment listedbelow may be modifiedinordertooptimizethesystem.Document any
modificationsintheraw dataasmethod deviations.

6.1.1 Micromass QuattroR triplequadrupoleMass Spectrometerequipped with an
electrosprayionizationsource.

6.1.2 HP 1100 low pulsesolventpumping system,solventdegasser,column
compartment and autosampler

7.0 SUPPLIES AND MATERIALS

7.1 Supplies

7.1.1 High puritygradeairregulatedto approximately100 psi(houseairsystem)

7.1.2 BPLC analyticalcolumn, specificstobe determinedby theanalystand documented
intheraw data

7.1.3 Capped autovialsorcapped 15 ml centrifugetubes

8.0 REAGENTS AND STANDARDS

8.1 Reagents

8.1.1 Methanol,BPLC gradeorequivalent

8.1.2 Milli-QTmwater(ASTM type1),allwaterused inthismethod shouldbe ATSM
typeI,or equivalent,and be providedby a Milli-QTOC Plussystem or other
vendor

8.1.3 Ammonium acetate,reagentgradeor equivalent

8.1.3.1 When preparingdifferentamounts thanthoselisted,adjustaccordingly.

8.1.3.2 2.0mM ammonium acetatesolution:Weigh approximately0.300 g
ammonium acetate.Pour intoa 2000 mL volumetriccontainercontaining
2000 mL Milli-Q' water,mix untilallsolidsaredissolved.Storeatroom
temperature.
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8.2 Standards

8.2.1 Typicallytwo method blanks,two matrixblanks,and eighteenmatrixstandardsare
preparedduringtheextractionprocedure.RefertoETS-8-6.0.

9.0 SAMPLE HANDLING

9.1 Fresh matrixstandardsarepreparedwith each analysis.Extractedstandardsand samples
are stored in capped autovialsor capped 15 ml centrifugetubes untilanalysis.

9.2 Ifanalysiswill be delayed, extractedstandards and samples may be stored atroom

temperature, or refrigeratedat approximately 4' C, untilanalysiscan be performed.

10.0 OUALITY CONTROL

10.1 Method Blanks and Matrix Blanks

10.1.1 Solventblanks,method blanks,and matrix blanks areprepared and analyzed with

each batch to determine contamination or carryover.

10.1.2 Analyze a method blank and a matrix blank prior to each calibrationcurve.

10.2 Matrix Spikes

10.2.1 Matrix spikes are prepared and analyzed to determine the matrix effecton the

recovery efficiency.

10.2.2 Matrix spike duplicates areprepared and analyzed to measure the precision and the

recovery for each analyte.

10.2.3 Analyze a matrix spikeand matrix spike duplicateper fortysamplep. With a

minimum of 2 spikes per batch.

10.2.4 Matrix spike and matrix spike duplicateconcentrationswill fallin the mid-range of

theinitialcalibrationcurve. Additional spike concentrationsmay fallin the low-

range of the initialcalibrationcurve.

10.3 Continuing Calibration Checks

10.3.1 Continuing calibrationverificationsare analyzed to verifythe continued accuracy

of the calibrationcurve.

10.3.2 Analyze a mid-range calibrationstandard every tenthsample, with a minimum of

one per batch.

11.0 CALIBRATION AND STANDARDIZATION

11.1 Analyze the extractedmatrix standardspriorto and following each setof sample extracts.

The average of two standard curves willbe plottedby linearregression(y = mx + b),

weighted I/x,not forced through the origin,using MassLynx or other suitablesoftware.

11.2 Ifthe curve does not meet requirements perform routinemaintenance or reextractthe

standard curve (ifnecessary) and reanalyze.
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11.3 For purposesof accuracywhen quantitatinglow levelsof analyte,itmay be necessaryto
usethelow end of thecalibrationcurveratherthanthefullrangeof thestandardcurve.
Example: when attemptingtoquantitateapproximately10 ppb of analyte,generatea
calibrationcurve consistingof thestandardsfrom 5 ppb to 100 ppb ratherthan thefull
rangeofthecurve(5ppb to1000 ppb).Thiswillreduceinaccuracyattributedtolinear
regessionweighting ofhigh concentrationstandards.

12.0 PROCEDURES

12.1 AcquisitionSet up

12.1.1Setup thesample list.

12.1.1.1Assign a samplelistfilenameusingMO-DAY-last digitof year-increasing
letterof thealphabetstartingwith a

12.1.1.2Assign amethod (MS file)foracquiring

12.1.1.3Assign an BEPLC program (Inletfile)
12.1.1.4Type in sample descriptionsand vialpositionnumbers

12.1.2 To createa method clickon method in theAcquisitioncontrolpanelthen mass
spectrometerheadingsand selectSIR (SingleIon Recording)orNIRM (Multiple
ReactionMonitoring).SetIonizationMode as appropriateand mass to499 or other
appropriatemasses. A fullscanisusuallycollectedalongwith theSIRS. Save
acquisitionmethod. IfMS/MS instrumentsareemployed, additionalproduction
fragmentationinformationmay be collected.Referto Micromass MassLynx
GUIDE TO DATA ACQUISITION foradditionalinformationand MRM.

12.1.3 Typicallytheanalyticalbatchrun sequencebeginsand ends with a setof extracted
matrixstandards.

12.1.4 Samples areanalyzedwith a continuingcalibrationverificationin ectedstandardi
afterevery tenthsample. Solventblanksshouldbe analyzedperiodicallyto
monitor possibleanalytecarryoverand arenotconsideredsamplesbut may be
includedas such.

12.2 Using the Autosampler

12.2.1 Setup sample trayaccordingtothesample listpreparedin Section12.1.1.

12.2.2 Set-uptheBPI 100/autosampleratthefollowingconditionsor atconditionsthe
analystconsidersappropriateforoptimalresponse.Record actualconditionsinthe
instrumentlogbook:

12.2.2.1Sample size= 10 @LLinjection

12.2.2.2Inject/sample= 1

12.2.2.3Cycle time= 9 minutes
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12.2.2.4Solventramp conditions

Time MEOH 2.0mM
Ammonium acetate

0.00min. 40% 60%
1.0min. 40% 60%

4.5min. 95% 5%
6.5min. 95% 5%
7.0min. 40% 60%
9.0mi. 40% 60%

12.2.2.5Pressthe"Start"button.

12.3 Instrument Set-up

12.3.1 Refer to ETS-9-24.0, "Operationand Maintenance of theMicromass QuattroII
TripleQuadrupole Mass SpectrometerFittedwith an Atmospheric Pressure
IonizationSource,"formore details.

12.3.2 Check thesolventlevelinreservoirsand refillifnecessary.

12.3.3 Check thestainlesssteelcapillaryattheend of theprobe. Use an eyepieceto check
thetip.The tipshouldbe flatwithno jagged edges.Ifthetipisfoundtobe
unsatisfactory,disassembletheprobe and replacethestainlesssteelcapillary.

12.3.4 Tum on thenitrogen.

12.3.5 Open thetune page. Clickson operateto initiatesourceblock and desolvation
heaters.

12.3.6 Open theInletEditor.

12.3.6.1SetBPLC pump to"On"

12.3.6.2Settheflowto 10 -500 uL/min or asappropriate

12.3.6.3Observe dropletscoming outof thetipoftheprobe. A fineraistshouldbe
expelledwithno nitrogenleakingaround thetipof theprobe. Readjust
thetipof theprobeifno mist isobserved

12.3.6.4Allow toequilibrateforapproximately10 minutes.

12.3.7 The instrumentusestheseparametersatthefollowingsettings.These settingsmay
change in orderto optimizetheresponse:

12.3.7.1Drying gas 250-400 liters/hour

12.3.7.2ESI nebulizinggas 10-15 liters/hour

12.3.7.3BPLC constantflowmode flowrate10 - 500 @iL/min

12.3.7.4Pressure<400 bar(Thisparameterisnotset,itisa guideto ensurethe
HPLC isoperatingcorrectly.)

12.3.7.5Source blocktemperature150'

12.3.7.6Desolvationtemperature250'
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12.3.8Printthetunepage,with itsparameters,and storeitinthestudybinderwith a copy
tapedintotheinstrumentlog.

12.3.9Clickon startbuttonintheAcquisitionControlPanel(thismay vary among
MassLynx versions,refertoappropriateMassLynx User'sGuide). Ensure startand
end sample number includesallsamples tobe analyzed.

13.0 DATA ANALYSIS AND CALCULATIONS

13.1 Calculations:

13.1.4 Calculatematrixspikepercentrecoveriesusingthefollowingequation:

% Recovery Observed Result-BackUound Result x 100
Expected Result

13.1.5 Calculatepercentdifferenceusingthefollowingequation:

% Difference ExRected Conc. -CalculatedConc. x 100
Expected Conc.

13.1.6 Calculateactualconcentrationsinmatrix(@ig/g):

(naofPFOS calc.fromstd.Curve x DilutionFactor) x I L!g
(InitialWeightofLiver(2) 1000 ng

FinalVolume (mL)

14.0 METHOD PERFORMANCE

14.1 Method DetectionLimit(MDL) and LimitofQuantitation(LOQ) aremethod, analyte,and
matrixspecific.RefertoETS-8-6.0,Attachment B fora listingofcurrentvalidatedMDL
and LOQ values.

14.2 Solvent Blanks, Method Blanks and Matrix Blanks

14.2.1 Solventblanks,method blanks,and matrixblanksmust be below thelowest"
standardinthecalibrationcurve.

14.3 CalibrationCurves

14.3.1 The r'valueforthecalibrationmust be 0.980orbetter.

14.4 Matrix Spikes

14.4.1 Matrix spikepercentrecoveriesmust be within± 30% ofthespiked concentration.

14.5 Continuing CalibrationVeriflcation

14.5.1 Continuingcalibrationverificationpercentrecoveriesmust be within± 30% of the
spikedconcentration.

14.6 Ifcriterialistedin themethod performance sectionarenotmet, maintenance may be
performed on thesystem and samples reanalyzedor otheractionsas determinedby the
analyst.Document allactionsintheappropriatelogbook.
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14.7 Ifdataaretobe reportedwhen perfon-nancecriteriahave not been met, thedatamust be
footnotedon tablesand discussedinthetextofthereport.

15.0 POLLUTION PREVENTION AND WASTE MANAGEMENT

15.1 Sample extractwaste and flammablesolventisdisposedinhigh BTU containers,and glass
pipettewasteisdisposedinbroken glas'scontainerslocatedinthelaboratory.

16.0 RECORDS

16.1 Each page generatedfora studymust have thefollowinginformationincludedeitherinthe
headerorhand writtenon thepage: studyorprojectnumber, acquisitionmethod,
integrationmethod, samplename, extractiondate,dilutionfactor(ifapplicable),and
analyst.

16.2 Printthetunepage,samplelist,and acquisitionmethod from MassLynx toincludeinthe
appropriatestudyfolder.Copy thesepagesandtapeintotheinstrumentranlog.

16.3 Plotthecalibrationcurveby linearregression,weighted I/x,thenprintthesegraphsand
storeinthestudyfolder.

16.4 Printdataintegrationsummary, integrationmethod,and chromatograinsfrom MassLynx
and storeinthestudyfolder.-

16.5 Summarize datausingsuitablesoftware(Excel5.0+)and storeinthestudyfolder,referto
Attachment A foran example ofa summary spreadsheet.

16.6 Back up electronicdatatoappropriatemedium. Record instudynotebookthefilename
and locationofbackup electronicdata.

17.0 TABLES. DIAGRAms, FLOWCHARTS, AND VALIDATION DATA

17.1 AttachmentA: ETS-8-7.0 Datasummary spreadsheet

18.0 REFERENCES

18.1 FACT-M-2. 1,"ExtractionofPotassiumPerfluomoctanesulfonateor OtherFluorochemical
Compounds from LiverforAnalysisUsing BPLC-Electrospray/MassSpectrometry"

18.2 ETS-9-24.0,"Operationand MaintenanceoftheMicromass AtmosphericPressure
Ionization/MassSpectrometerQuattroIItriplequadrupoleSystems"

18.3 The validationreportassociatedwith thismethod isETS-8-6.0 & 7.0-V-1

19.0 AFFECTED DOCUMENTS

19.1 ETS-8-6.0,"ExtractionofPotassiumPerfluorooctanesulfonateorOtherFluorochemical
Compounds from LiverorFluidforAnalysisUsing HPLC-Electrospray/Mass
Spectrometry"
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20.0REVISIONS

Revision Revision
Number Reason For Revision Date
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Laboratory Study

Study:

TestMaterial:
Matrix/FinalSolvent:
Method/Revision:
AnalyticalEquipment System NumbC@T:

InstrumentSoftwaTeNersion:
Filename:
R-SquaTed Value:
Slope:
Y Intercept:
Date ofExtTaction/Analyst:
Date ofAnalysis/Analyst:

Liroup Sample# Concentration lnitial.Wt. Dilution FinalCone.
Dose ng/g 9 Factor ug/g

Slope: en from linearregressionequation.
Group/Dose: Taken fromthestudyfolder.
Sample#: Taken fromthestudyfolder.
Concentration(ng/g):Taken ftom theMassLynx integrationsummary.
InitialWt. (g):Takenfrom thestudyfolder.
DilutionFactor:Taken from thestudyfolder.
FinalConc. (ug/g):Calculatedby dividingtheinitialvolume ftomtheconcentration
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