
DIETARY ACUTE NORTHERN BOBWHITE STUDY

TEST SUBSTANCE

Identity:Perfluorooctanesulfonate;may alsobe referredtoas PFOS or
FC-95. (1-Octanesulfonicacid,1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-
heptadecafluoro-,potassiumsalt,CAS # 2795-39-3)

Remarks field: The testsubstanceisa whitepowder. Sample was
takenfrom3M lotnumber 217. Sample was storedunderambient
conditionspriortotesting.Puritydeterminedtobe 90.49% by LC/MS

,
'H-

HMR, 'GF-NMR and elementalanalysestechniques.

METHOD

Method: OPPTS 850.2200,OECD 205, and FIFRA SubdivisionE.Section
71-2
Type: Dietaryacute
GLP: Yes
Year completed:1999 (Test),2000 (Report)
Species:Colinusvirginianus
Supplier: WildlifeInternationalLtd.ProductionFlock,Easton,Maryland
Analyticalmonitoring:Testsubstanceconcentrationinstandardsand
samples were determinedby reversed-phaseHPLC and mass
spectroscopy.PFOS measured on Day 0 forhomogeneityinfeed and
verification,and Day 5 forstability.
Test phases: Acclimation- 10 days

Exposure -5 days
Post-exposureobservation- 3 or17 days

Statisticalmethods: LC5ovaluescalculatedby probit
analysisusingthecomputersoftwareofC.E.Stephan. Body weightdata
were compared by Dunneft'stestusingTOXSTAT software.No statistical
analyseswere appliedtofeed consumptiondata.
Test birdage: 10 days
Pretreatment:None

Test conditions:
Housing and environmental conditions:Indoorsinbatteriesof
thermostaticallycontrolledbroodingpens. Each pen'sfloorspace
measured approximately72 X 90 cm. Ceilingheightwas
approximately23 cm. Externalwalls,ceilingsand floorswere
constructedofgalvanizedsteelwireand.sheeting.
Identification:Each group ofbirdsidentifiedby pen number and
testconcentration.Individualsidentifiedby legbands.



Number of replicates:Sixforcontrols,two foreach treatment
group
Number ofbobwhite per replicate:five
Number of concentrations:seven plusa negativecontrol
Feed and water:Game birdrationformulatedas below,waterfrom
thetown ofEaston publicwatersupply.Both providedad libitum
duringacclimationand testing.

Game BirdRation
Ingredients Percent

Fine Corn Meal 44.83

Soy Bean Meal,48% Protein 30.65

Wheat Midds 6.50

ProteinBase 6.00

Agway Special,60% Protein 4.00

AlfalfaMeal,20% Protein 3.00

DriedWhey 2.50

Ground Limestone 0.90

Eastman CalPhos 0.60

MethioninePremix + Liquid 0.35

Vitaminand MineralPremix (seebelow) 0.32

G L F e rm (Fe rF aFt-c-o-)-r 0.25

SaltIodized 0.10

'Fermentationby-products(sourceofunidentifiedgrowthfactors)

Vitaminand MineralPremix
Vitaminor mineral Amount Per Ton

Vitamin D3 2,000,000 I.C.U.

VitaminA 7,000,000l.u.

Riboflavin 6 grams

Niacin 40 grams

PantothenicAcid 10 grams

Vitamin B12 8 mgs

FolicAcid 600 mgs

Biotin 64 mgs

Pyridoxine 1.2 grams

Thiamine 1.2 grams

VitaminE 20,000 l.U.

VitaminK (Menadione dimethylpyrimidinolbisulfite) 5.8grams

Manganese 102 grams

Zinc 47 grarris

Copper 6.8granis

Iodine 1.5grams

Iron 51 grams

iselenium 182 grams



Prophylaxis:None
Broodingcompartmentmean temperature:38 + 20C
Ambientroom mean temperature:27.3+ 1.20C
Averagerelativehumidity:31 + 14%
Photoperiod:Sixteenhourslig@t-perday
Lighting:fluorescentlightswhichcloselyapproximatenoon-day
sunlight;average ofapproximately139 luxofillumination

Test dietpreparation:Testsubstance mixed directlyintotherationby
means ofa Hobartmixer.No carrierwas used.

Dietsampling: Homogeneity ofthetestsubstance inthedietevaluated
by collectingsixsamples from the 18.3ppm concentrationand sixfrom
the 1171 ppm concentration.Samples collectedfrom thetop,middle,and
bottom oftheleftand rightsectionsofthemixingvessel.These samples
alsoserved as theverificationsamples fortheseconcentrations.
Verificationsamples oftheothertreatmentgroups(twosamples from
each) and thecontrol(one sample) were collectedatpreparationon Day
0. Stabilitysamples were collectedattheend oftheexposure period(Day
5)from thecontrol(onesample) and each treatmentgroup(twosamples
each).

RESULTS

Nominal concentrations:Bk control,18.3,36.6,73.2,146,293, 586,and
1171 ppm
Measured concentrations: <LOQ, 19.5,40.2,74.5,174,291, 537, and
1196 ppm
Element value:DietaryLC5()= 220 (164- 289) ppm

No mortalityconcentration 73.2 ppm
NOEC (bodyweightgain) 73.2 ppm

Allelement valuesbased on nominal concentrations

AnalyticalMethodology: Dietsamples were extractedwithmethanol.
Analyses oftestsolutionswere performed atWildlifeInternationalLtd.
using highperformanceliquidchromatography withmass spectrometric
detection(HPLC/MS). When determiningtheconcentrationofthe test
substance inthetestsolutions,thesame and most prominent peak
response forperfluorooctanesulfonatewas used. No attemptwas made
toquantifyon thebasisofindividualisomericcomponents. The LOQ (limit
ofquantitation)was 1.15ppm inthisstudy.The mean percentrecoveryof
matrixfortificationsanalyzed concurrentlyduringsample analysiswas
94.7.Samples collectedfordeterminationofhomogeneity indietranged
from 102-107% ofnominal. Samples collectedforverificationindiethad
measured valuesfrom 92 to119% ofnominal.Measured valuesfor



ambientstabilitysamplestakenatDay5rangedfrom101-122%of
nominal.

Summary ofanalyticalchemistrydata:

HomogeneityInAvianDiet

NominalTest Mean Percentof
Concentration, Measured Values atDay 0,ppm Measured Nominal

PPM Concentration
-PPM

18.3 18.5,23.4,18.3,17.3,19.4,19.9, 19.5 107
1171 1239,1221,1118.1301,1163,1133 1196 102

VerificationinAvian Diet

Nominal Test Mean Percentof
Concentration, Measured DuplicateConcentrationsatDay 0, Measured Nominal.

PPM PPM Concentration

NegativeControl < LOQ @pm

36.6 45.7,34.6 40.2 110

73.2 77.8,71.2 74.5 102

146 176,172 174 119

293 274,307 291 99

586 550,523 537 92

Ambient StabilityInAvian Diet

Day 0 Mean Mean Mean
Measured Measured DuplicateConcentrationsatDay 5, Measured Percentof

Concentration, PPM Concentration Day 0
PPM PPM

NegativeControl < LOQ - -

19.5 19.2,19.9 19.6 101

40.2 44.4,53.8 49.1 122
74.5 76.4,77.9 77.2 104

174 177,174 176 101

291 318,315 317 109

537 560,665 613 114

1196 1260,1187 1224 102



Biologicalobservations
Mortalitiesand clini

'
calobservations:One incidentalmortality

occurredinthecontrolgroup as a resultofa broken legon the
morningofDay 5. Itwas subsequentlyeuthanizedon Day 6. Two
otherbirdsinthecontrolgroup were intermittentlynoted withfoot
lesionsassociatedwithcage mate aggression.Otherwise,all
controlbirdswere observed tobe normal inappearance and
behaviorthroughoutthe test.

The firsttreatment-relatedmortalitiesoccurredon Day 3 inthe586
and 1171 ppm treatmentgroups. Mortalityoccurredthrough Day 8
inalldose groups > 146 ppm withsome ofthedeaths beingduring
thepost-exposureperiod.There were no treatment-related
mortalitiesorovertsignsoftoxicityatconcentrations< 73.2 ppm.

There was 11% mortalityinthe 146 ppm treatmentgroup,and two
additionalbirdsdisplayedclinicalsignsoftoxicity(wingdroop).All
otherbirdsinthistestgroup displayednormal appearance and
behaviorforthedurationofthetest.Recovery withnormal
appearance and behavioroccurredon Day 9 totesttermination.

There was 80% mortality(occurringon Days 5,6,and 7)forbirdsin
the293 ppm treatmentgroup. Signs oftoxicityobserved priorto
death includeda ruffledappearance, reduced reactiontostimuli
(soundand motion),lethargy,wing droop,lossofcoordination,
lowerlimbweakness and convulsions.Recovery withnormal
appearance and behavioroccurredon Day 9 totesttermination.

There was 100% mortality(occurringfrom Day 3 throughDay 7)for
birdsinthe586 ppm treatmentgroup.Signs oftoxicityobserved
priortodeath includeda ruffledappearance,reduced reactionto
stimuli(soundand motion),lethargy,depression,wing droop,loss
ofcoordination,lowerlimbweakness, lowerlimbrigidity,prostrate
posture,and convulsions.

There was 100% mortality(occurringfrom Day 2 (notedon Day 3
forDay 2 afternoon)throughDay 4)forbirdsinthe 1171 ppm
treatmentgroup.Signs oftoxicityobserv

*
ed pdortodeath includeda

ruffledappearance, reduced reactiontostimuli(soundand motion),
lethargy,depression,wing droop,lossofcoordination,lowerlimb
weakness, and lowerlimbrigidity.



Body weightgain:When comparedtothecontrolgroup,there
were no apparent treatmentrelatedeffectson body weightamong
the birdsinconcentrations< 73.2 ppm. Dudng Days 0-5,
statisticallysignificantreductionsinbody weightgainorbody
weight lossoccurredinthe 146,293,and 586 ppm treatment
groups. Body weighteffectscouldnotbe determinedfortest
organisms inthe 1171 ppm group due tototalmortality.

Feed Consumption: No apparent treatmentrelatedeffectswere
noted forfeed consumption forbirdsinconcentrations<146 ppm.
Reduced feed consumption was noted forbirdsintreaf-mentgroups
> 293 ppm from Days 0-5.No treatment-relatedeffectson feed
consumption inany ofthesurvivingtreatmentgroups duringthe
Day 6-8 post-exposurepedod were observed.

Gross Necropsy: Allbirdsthatdiedduringthestudy,halfofthose
survivingatDay 8 and the restattestterminationwere subjectedto
a grossnecropsy. Necropsy resultsforbirdsfound dead were
similar,includingthincondition,lossofmuscle mass, alteredspleen
color,autolysisoftissuesand paleorgans.These necropsy findings
were consideredtobe treatmentrelated.The singlebirdeuthanized
from the293 ppm treatmentwas found tohave treatmentrelated'
necropsyfindings.Necropsy resultsforallotherbirdseuthanized
on Day 8 and Day 22 were unremarkable.

% Cumulative Mortality

Nominal Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8*
Concentration

IPPM

Negative 0 0 0 0 0 0 0 0
Control

18.3 0 0 0 0 0 0 0 0

36.6 0 0 0 0 0 0 0 0

73.2 0 0 0 0 0 0 0 0

146 0 0 10** 0 0 0 10 10

293 0 0 0 0 20 40 80 80

586 0 0 10 20 50 80 100 100

1171 0 0 30 100 100 100 100 100
*No mortalitiesoccurredinany of thetreatmentlevelsfrom Day 8 to Day 22

Birdeuthanizedon day 3 aftersustaininga broken leg.



Body Wei ht(grams)

ExposurePeriod Recovery Period

Nominal Mean Body Mean Body Mean Body Mean Body Mean Body Mean Total Mean Body
Concentratio Weight, Weight Weight Weight Weight Body Weight Weight,

(ppm) Day 0 Change Change Change Change Change, Day Day 22

Day 0-5 Day 5-8 Day 8-15 Day 15-22 8-22

20 +10 +8 +23 +22 45 82

18.3 21 +11 +9 +24 +23 47 87

36.6 20 +11 +8 +26 +24 50 89

73.2 20 +9 +7 +24 +20 44 79

146 20 +7* +6** +24 +21 45 79

293 20 -2"
-1** +14 +20 34 55

586 20 -4** - - --

1171 20
Note: Numbers may not add manually due to rounding.Values for293 ppm treatmentgroup are impacted
by thefactthatonlyone birdremained inthattreatmentgroup afterDay 8.
*Statisticallydifferentfromthe controlgroup at p<0.05 (Dunneft'st-test).
**Statisticallydifferentfrom thecontrolgroup atp=<0.01 Punnett'st-test

No data availabledue tomortality.

Mean Average Feed Consumption

Nominal Grams Grams Grams Grams
Concentration,Feed/Bird/Day Feed/Bird/Day Feed/Bird/Day Feed/Bird/Day

PPM Days 0-5 Days 6- Days 8-15 Days 15-22

NegativeControl 9 10 9 13

18.3 9 11 10 12

36.6 8 12 14 15

73.2 10 13 13 15

146 9 10 11 14

293 5 9 8

586 6 19 -

Negative
Control

1171 1 4 1 -

No data availabledue tomortality.



GrossPathologicalObservationsfromBirdsthatDiedinStudy

Male,Female,andUndetermined

(ppm)
Finding Control 146 293 586 1171

N=l N=2 N=8 N=10 N=10

Abdominal cavity,some autolysis 0 0 2 2 4
Abdominal cavity,autolysisthroughout 0 0 0 1 1
Crop, empty 0 0 2 5 2
Emaciated 0 0 2 5 8
Fracturedleg 1 1 0 0 0
G.1.Tract empty 0 0 1 1 0
Gizzard contentsbilestained 0 0 2 5 1
Heart,anteriorportionmottledwhitecolor 0 0 1 0 0
Heart,pale . 0 0 0 2 1
Intestinalcontentstar4ike 0 0 0 2 0
Keel,prominent 0 0 1 3 10
Kidneys,pale 0 0 0 2 0
Liver,paleand mottled 0 1 0 0 0

Loss of muscle mass 0 0 4 7 9
Muscular-skeletal,pale 0 1 0 0 0
Small instature 0 0 3 0 0

Spide,n,black 0 0 0 1 0
Spleen,dark 0 0 0 0 2
Spleen,grey 0 0 0 1 0
Spleen,grey-brown 0 0 0 0 1
Spleen, pale 0 0 1 0 1
Spleen,small 0 0 0 0 1
Spleen, smalland pale 0 0 0 3 0
Thin 0 0 0 4 2
Not remarkable 0 0 1 0 0

CONCLUSIONS
The dietaryLC50 valueforNorthernBobwhi

'
teexposed to

perfluorooctanesulfonatewas determinedtobe 220 ppm witha 95%
confidenceintervalof164 to289 ppm. The slopeoftheconcentration-
responsecurvewas 7.005 and thechi-squarevaluewas 0.023.The no
mortalityconcentrationwas 73.2 ppm. Based upon treatmentrelated
mortality,signsoftoxicityand effectsupon body weightgainatthe 146
ppm testconcentration,the no observedeffectconcentrationwas 73.2
PPM-

Author and/or submifter: 3M Corporation,Environmental Laboratory,
P.O. Box 33331, St.Paul,Minnesota,55133

DATA QUALITY

Reliability:Klimischranking= 1.
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GOOD LABORATORY PRACTICE COMPLIANCE STATEMENT

SPONSOR: 3M Corporation

TITLE: PFOS: A DietaryLC50 Study withtheNorthernBobwhite

WILDLIFE INTERNATIONAL LTD. PROJECT NO.: 454-103

3M LAB REQUEST NO.: U2723

STUDY COMPLETION: April26,2000

@ This studywas conductedincompliance with Good Laboratory PracticeStandardsas publishedby
the U.S. EnvironmentalProtectionAgency, 40 CFR Part 160 and 792, 17 August 1989; OECD
PrinciplesofGood LaboratoryPractice,(OCDE/GD(92) 32,EnvironmentMonograph No. 45,Paris,
1992);and Japan MAFF, 59 NohSan, NotificationNo. 3850, AgriculturalProductionBureau, 10
August 1984 withthefollowingexception:

The testsubstancewas not characterized'inaccordancewith fiihGLP compliance;however, the
characterizationwas performedaccordingto 3M StandardOperatingProceduresand Methods, and all
raw data are being maintained'inthe 3M archives. The testsubstanceisbeing recharacterizedin
accordance with GLP.

The stabilityof thetestsubstanceand referencestandardunder conditionsof storageatthetestsite
was not determinedinaccordancewith Good Laboratory PracticeStandards.

STUDY DIRECTOR:

L@, ?, DATE
Sean P. Gallagher
SeniorBiologist

SPONSOR'S REPRESENTATIVE

Li DATE6CXA
MS. Susan A. Beach
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QUALRIY ASSURANCE STATEMENT

Tlusstudywas examinedforcompliancewithGood LaboratoryPracticeStandardsas published

by theU.S.EnvironmentalProtectionAgency,40 CFR Part160 and 792, 17August 1989;OECD

PrinciplesofGood LaboratoryPractice,(OCDE/GD (92)32,EnvironmentMonograph No. 45,Paris,

1992);and JapanMAFF, 59 NohSan, NotificationNo. 3850,AgriculturalProductionBureau,10

August 1984. The datesof allauditsand inspectionsand thedatesthatany findingswere reportedto
theStudyDirectorand LaboratoryManagement wereasfollows:

DATE REPORTED TO:
ACTI= DATE CONDUCTED STUDY DIRECTOR MANAGEMENT

TestSubstancePrep.
& AnalyticalSampling April22,'1999 kpril22,1999 April23,1999

MatrixFortification April22, 1999 April22,1999 April23,1999

FeedConsumption
& AnalyticalSampling April27,1999 April27,1999 May 4, 1999

AnalyticalData and
DraftReport July7,8,9, 1999 July9,1999 July16,1999

BiologyData and
Dmft Report August26,27,30,31,1999 August31,1999 September 13,1999

FinalReport April17-18,2000 April18,2000 April19,2000

c& DATE 4-ici-Ob
Susan L.Coleman
SeniorQualityAssuranceRepresentative
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SPONSOR: 3M Corporation

TITLE: PFOS: A DietaryLC50 StudywiththeNorthernBobwhite

WILDLIFE INTERNATIONAL LTD. PROJECT NO.: 454-103

3M LAB REQUEST NO.: U2723

STUDY DIRECTOR:

Sean P.Gallagher Date
SeniorBiologist,Avian Toxicology

CHEMISTRY PRINCIPAL INVESTIGATOR:

k- i I, @-d, - 4
Raynydnd'L.Van Hoven, Ph.D Date
Scientist,AnalyticalChemistry

REPORT APPROVED BY:

4 12-4
B. Beavers Date

Director,Avian Toxicology

WillardB.Nixon,Ph.w Date
Mamger, AnalyticalChemistry
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SUMMARY

SPONSOR: 3M Corporation

TEST SUBSTANCE: PFOS

WILDLIFE INTERNATIONAL LTD. PROJECT NO.: 454-103

STUDY: PFOS: A DietaryLC50 StudywiththeNorthernBobwhite

RESULTS: The dietaryLC50 value for northernbobwhite exposed to PFOS was

determinedto be 220 ppm a.i.with a 95% confidenceintervalof 164 ppm

a.i.to 289 ppm a.i. The slopeof the concentration-responsecurve was

7.005 and thechi-squarevaluewas 0.023. The no mortalityconcentration

was 73.2 ppm a.i. Based upon treatmentrelatedmortality,signsof

toxicityand effectsupon body weight gain at the 146 ppm a.i.test

concentration,theno-observed-effectconcentrationwas 73.2 ppm a.i.

TEST DATES: Hatch - April12,1999

Acclimation-April 12-22,1999

ExperimentalStart-April22, 1999

ExperimentalTermination- May 14,1999

NOMINAL TEST
CONCENTRATIONS: 0, 18.3,36.6,73.2,146,293, 586 and 1171 ppm a.l.

TEST ANIMALS: NorthernBobwhite (Colinusvirginianus)

AGE TEST ANIMALS: 10 days of age attestinitiation

SOURCE TEST ANIMALS: WildlifeInternationalLtd.ProductionFlock
8598 Commerce Drive
Easton,Maryland 21601

STUDY COMPLETION: April26,2000
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RQMODUCTION

This study was conductedby WildlifeInternationalLtd.for 3M Corporationat the Wildlife

InternationalLtd. aviantoxicologyfacilityin Easton,Maryland. The in-lifeportionof the testwas

conductedfrom April 22,'1999 to May 14, 1999. Raw datageneratedatWildlffeInternationalLtd.

and a copy of the finalreportare filedunder ProjectNumber 454-103 in archiveslocatedon the

WildlifeIatemationalLtd.site.

OBJECTIVE

Tle objectiveof thisstudywas toevaluatethe toxicityof a testsubstanceto theNorthernBobwhite

(ColinusWrginzanus) administeredthroughthedietforfivedays.An LC50 valuewillbe calculated,

ifpossible.

MATERLKLS AND METHODS

The methods used in conductingthisstudy are based upon proceduresspecifiedin the U.S.

EnvironmentalProtectionAgency Series850 - EcologicalEffectsTest GuidelinesOPPTS Number

850.2200 (1),Section71-2 of the EnvironmentalProtectionAgency's Regist@on Guidelines,

PesticideAssessment Guidelines,FNRA SubdivisionE, Hazard Evaluation:Wildlifeand Aquatic

Organisms (2);OECD Guideline205, Guidelinefor Testingof Chemicals,Avian DietaryToxicity

Test (3);and upon ASTM StandardE857-87, "StandardPracticefor ConductingSubacute Dietary

ToxicityTestswithAvian Species"(4).

Test Substance

The testsubstancewas receivedfrom 3M Corporationon October 29, 1998 and was assigned

WildlifeInternationalLtd.IdentificationNumber 4675 upon receipt.The testsubstancewas white

powder identifiedas: FC-95; Lot No.:217. The reportedpurityof thetestsubstancewas 98.9*/o,with

an expirationdateof2008. Followingtesttermination,thetestmaterialwas reanalyzed.The results

of reanalysisindicatea testsubstancepurityof 90.49%. Alltestconcentrationshave been adjustedto

reflectthe purityreportedon the new Certificateof Analysis(Appendix 1). 'Me testsubstancewas

storedunder ambient conditions.

Tle internalstandardwas receivedfrom 3M Corporationon July 2, 1998 and was assigned

WildlifeInternationalLtd.identificationnumber 4526 upon receipt.'Me internalstandard,a granular
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material,was identifiedas: 1K 1K 2FL 2H PerfluorooctaneSulfonicAcid, Chemical Abstract

Number 27619-97-2. The standardwas storedunderambientconditions.

Treatrn=tGroups

'Me testconsistedof a geometricseriesof seventestconcentrationsand a controlgroup. Thirty

northernbobwhitecluckswere assignedto the controlgroup and t= northernbobwhite chickswere

assignedto each of the treatmentgroups. The birdswere sortedby weight then chosen

mdiscrhmately from withineach representedweight classforplacement intocontroland treatrnent

groups. The birdswere housed in broodingpens containingfivechickseach. Nominal dietary

concentrationsused inthisstudywere 0, 18.3,36.6,73.2,146,293, 586 and 1171 partspermillion

activeingredient(ppm a.i.)of PFOS. The dietaryconcentrationswere establishedbased upon known

toxicitydataand informationsuppliedby the Sponsor.

Each group was fedtheappropriatetestor controldietforfivedays. During theexposure period

the controlgroup receiveduntreatedfeed. Followingthe :five-dayexposureperiod allgroups were

givenuntreatedbasaldietforthreedays.On Day 8, halfof thesurvivingtreatrnentand controlbirds

were eudianizedand livertissue,blood,and bilesamples were collectedforanalysis.The rmnaining

birdswere fedbasalmtion untilDay 22. On Day 22,thesebirdswere eudmnized and alsosampled

forliverweight@blood,and bile.

DurationoftheTest

The primary phases ofthistestand theirdurationswere:

1. Acclimation- 10 days.

2. Exposure -5 days.

3. Post-exposureobservation- 3 or 17 days

Test Birds

AR northernbobwhite (Colinus virginianus)were 10 days of age and appeared to be in good

healthat initiationof the test.The birdswere obtainedfrom WildlifeInternationalLtd.Production

Flock,Easton,MD and were hatchedon April12, 1999. Birdsranged inweight from 18 to23 grams

attestinitiation.The birdsused inthisstudywere immature and could not be differentiatedby sex.
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AU birdswere from thesame hatch,pen-rearedand phenotypicallyindistinguishablefrom wildbirds.

Allbirdswere acclimatedtothecagingand facilitiesfromthedayofhatchuntilinitiationofthetest.

AnimalDiet

Throughoutacch=tion and testingalltestbirdswere feda game birdrationformulatedto

WildlifeInternationalLtd.'sspecifications(Appendix]I). The chickswere givena vit=ffi

supplementintheirwaterfromtheday theywere hatcheduntiltheinitiationofthetest.Water from

thetown of Eastonpublicwatersupply,and feedwere providedad libitumduringacclimationand

testing.The birdsreceivedno form ofantibioticmedicationduringacclimationortesting.

DietPLe,Uaration

Ile testsubstancewas nuxed directlyintotheration.Mixingwas donewitha Hobartmixer

(ModelNumber AS2001). Alldietarytestconcentrationswereadjustedto 100% PFOS basedupon

thereportedpurityofthetestsubstance.AU dietaryconcentrationsand theLC50 valuearereported

as ppm a.i.inthediet.Nominal dietarytestconcentrationsusedinthisstudywere 18.3,36.6,73.2,

146,293,586,1171 ppm a.i.(Appendix

DietSmRIin

Samples of the testdietswere collectedto verifythetestconcentrationsadministeredand to

confirmthestabilityand homogeneityofthe testsubstanceinthe chets.Homogeneityofthetest

substanceinthedietwas evaluatedby collectingsixsamplesfrom the18.3ppm a.i.a.i.testdietand

sixsamplesfrom the 1171 ppm a.i.testdietatpreparationon Day 0. Homogeneitysampleswere

collectedfrom thetop,middleand bottomoftheleftand rightsectionsofthemixingvessel.The

homogeneitysamplesalsoservedas verificationsamples. One verificationsample was collected

from thecontroldietand two verificationsampleswere collectedfrom each remainingtreatment

groupatpreparationon Day 0. At theendof theexposureperiod(Day 5),one samplewas collected

from thecontroland two sampleswere collectedfrom eachtreatmentgroup to determinestabilityof

thetestsubstanceinthedietundertestconditions.Ile stabilitysampleswere collectedfrom feed

remaininginthefeedersafterbeingatambienttestpen conditionsforfivedays. Sampleswere

transferredimmediatelytoWildlifeInternationalLtd.analyticalchemistry.



WILDLIFE INTERNATIONAL, L-rD
PROJECT NO.: 454-103

-11-

AngL)IicalM

The method used fortheanalysisof theaviandietsampleswas based upon methodology

developedatWildlifeInternationalLtd.and entitled"Method OutlinefortheDeterminationofPFOS

inAvianFeed".

Avian dietsampleswereextractedwithmethanol.Med=ol was addedtoa requisitequantityof

feedcontainedina French-squareglassbottle.Bottleswere cappedand shakenon a shakertable.

Sampleswere vacuum filteredusingqualitativefilterpaper.The retainedfeedwas rinsedthreetimes

withmethanolintothefiltrate.The filtratewas transferredto a,voiumetncflaskand broughtto

volume withmethanol.As appropriate,sampleswere fintherdilutedwithmethanol.Each sample

thenwas dilutedwitha 50% methanol:50% NANOpure(D watersolutioncontaining0.100 mg 4H

PFOS (izftmalstandard)/Land 0.05% formicacid(v/v)sothattheyfellwithinthecalibrationrange

ofthePFOS methodology.A method flowchartisprovidedinAppendixEll,Figure1.

Concentrationsof PFOS inthestandardsand sampleswere determinedby reversed-phasehigh

performanceliquidchromatographyusinga Hewlett-PackaidModel 1100 legh PerformanceLiquid

Chramatograph(BPLC) witha Perldn-EhnerAPI 10OLC Mass Spectrometerequippedwitha Perldn-

Ebner TurbolonSpmy ion source.BPLC separationswere achievedusinga KeystoneBetasilCis

analyticalcolumn(100 mm x 2 nim I.D.,3 pm particlesize).The fimtnnnentparametersare

summarizedinAppendixEll,Table1.

Calibrationstandardsof PFOS preparedina 50% methanol:50% NANOpure(D watersolution

containing0.100mg 4H PFOS (intenialstandard)[Land 0.05% fonnicacid(v/v),rangingin

concentrationfrom 0.00229to 0.0457mg a.i./Lwere analyzedwiththesamples.The same andmost

prominentpeak responseforPFOS was utilizedto monitor-PFOS inallcalibration,qualitycontrol,

and studysamples. No attemptwas made toquantifyPFOS on thebasisof individualisomeric

components. Linearregressionequationswere generatedusingpeak arearesponseratios(PFOS :

internalstandard)versusthe respectiveconcentrationratios(PFOS : internalstandard)of the

calibrationstandards.A typicalcalibrationcurveispresentedin AppendixIII,Figure2. The

concentrationof PFOS inthesampleswas determinedby substitutingthepeak arearesponsemtios

intothe applicablelinearregressionequation.Representativeionchromatogramsoflow and high

calibrationstandardsarepresentedinAppendix HI,Figures3 and 4,respectively.
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The method limitofquantitation(LOQ) fbrtheseanalyseswas setat 1.15ppm a.i.calculatedas

theproductofthelowestcalibrationstandardanalyzed(0.00229mg a.i./L)and the Cution factorof

thematrixblank.samples(500).

Two matrix blank samples were analyzedto determinepossibleinterferences.No interferences

were observedator above theLOQ duringsample analyses(Appendix III,Table 2). An interference

in thefeedappeared at approximatelythe same retentiontime as thepeak of interestbut itwas well

below the LOQ. A representativechromatogram of a matrixblank ispresentedin Appendix Ell,

Figure5.

Avian dietwas fortifiedat 4.57, 183 and 1830 ppm a.i.and analyzedconcurrentlywith the

samplesto determinethemean proceduralrecovery(Appendix HI,Table 3). Sample concentrations

were not correctedforthemean proceduralrecoveryof 94.7%. A representativechromatogram ofa

.matrixfordficationispresentedinAppendix HI,Figure6.

An example calculationispresentedfor sample number 454-103-2,nominal concentrationof

18.3ppm a.i.inaviandidt.

rnitialWeight: 10.0g

FinalVolume: 200 mL

DilutionFactor:100 (intermediatedilutionfactorx finaldilutionfactor)

PFOSPeakArea: 113568

InternalStandardPeak Area: 413160

Peak Area Ratio:0.2749

Calibrationcurveequation.

Slope:2.77397

Intercept:0.01894

Curveisweighted(1/x).

PFOS (mg &i./L)atinstrument
(Peakarearatio- (Y-intercept))x I.S.Concentration

Slope
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(0.2749- 0.01894)x 0.100mg/L

2.77397

0.00923mg ai./L

Note:I.S. internalstandard.

PFOS (ppm ai.)insample
PFOS (mg a.i./L)atinstrumentxFinalVolume (L)xDilutionFactor

InitialWeight(Kg)

0.00923x 0.200x 100

0.01

18.5ppm ai

PercentofNominalConcentration
PFOS (ppm ai.)insample

x 100
PFOS (ppm ai.)nominal

18.5
-x 100= 101%

18.3

Housingand EnvironmentalConditions

Duringacch=fion and testing,allbirdswere housedindoorsinbatteriesof thermostatically

controlledbroodingpensmanufacturedby Beacon SteelProductsCo.(ModelNo. B735Q). Eachpen

had floorspacethatmeasuredapproximately72 X 90 cm. Ceftg heightwas approximately23 cyn.

Externalwaus, ceilingsand floorswere constructedofgalvanizedsteelwireand sheeting.Birdswere

sortedby weight then chosenindiscriminatelyfrom withineach representedweightclassfbr

assignmentto pens. Each group of birdswas identifiedby pen number and testconcentration.

Individualbirdswere identifiedby legbands.

Dunng thetesttheaveragetemperaturem thebroodmg compartn=t ofthepens was 38'C +-2'C

(SD). Averageambientroom tmnperatureforthisstudywas 27.30C* 1.20C(SD) withan average

relativehuxnidityof 31% :1:14% (SD). The photo@eriod(maintainedby a timeclock)was sbdee@

hoursof lightperday duringacclimationand throughoutthetest.The lightsourcewas fluorescent

lightswhich closelyapproximatenoon-daysunlight.The birdswere exposedto an averageof
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approximately139 luxof illumination.Housing and husbandrypracticeswere basedon guidelines

establishedby theNationalResearchCouncil(5).

Observations

Duringacclimationallbirdswereobserveddaily.Birdsexhibitingabnormalbehaviororphysical

injurywere not used. Followingtestinitiationand continuinguntiltermination,allbirdswere

typicallyobservedatleasttwicedaily.A recordwas maintainedofallmortality,signsoftoxicity,

and abnormalbehavior.

AnimalB& Weiphts/FeedConsumDtion

Individualbody weightswere measuredattheinitiationofthetest,on Day 5,Day 8,and on

Days 15 and Day 22 forallremainingbirds.Averagefeedconsumptionvaluesduringtheexposure

period(Days0-5)and thepost-exposureobservationperiod(Days6-8)weredeterminedby pen for

each treatmentgroup and thecontrolgroup. Additionally,feedconsumptionwas determinedfor

Days 8-15 and 15-22forthe remainingtreatmentand controlbirds. Feed consumptionwas

determinedby measuringthechange intheweightof the'feedpresentedto thebirdsovera given

periodoftime.'Me accuracyoffeedconsumptionvaluesmay havebeen affectedby theunavoidable

wasuge offeedby thebirds.

GrossNecMpay

AR testbirdsthatdiedduringthecourseofthetestand allbirdsremainingattheterminationwere

subjectedto a'grossnecropsy.Additionally,liverswere weighedand livertissue,blood,and bfle

were collectedfrom birdseuflianizedon Day 8 and 22,and when possiblefrom thosethatdiedduring

thecourseofthestudy.

StatisticalAnalyses

Mortalitydatawereanalyzedusingthecomputerprogram ofC.E.Stephan(6).The program was

designedtocalculatethe LC50 valueand the95% confidenceintervalby probitanalysis,moving

averagemethod or thebinomialprobabilitymethod(7,8,9).In thisstudy,theLC50 valuewas

determinedusingtheprobitmethod. The slopeoftheconcentration-responsecurveand resultsofthe

goodnessof fittestare reported.Body weightdatawere compared by Dunnett'stestusing

TOXSTAT software(10,11).No statisticalanalyseswereappliedtofeedconsumptiondata.
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RESULTS

Diet&gLUis

Avian dietsampleswere collectedfrom the 18.3and 1171 ppm a.i.testconcentrationsand

analyzedto evaluatehomogeneityof thetestsubstancein theaviandiet.The analysisof these

samplesalsoservedas verificationof testsubstanceconcentrations.Resultingmean measured

concentrations,standarddev=ons and coeffimentsof variation(CV) forthesetestconcentrations

were 19.5± 2.13ppm a.i.(CV = 10.9*/o)and 1196± 70.2ppm a.i.(CV 5.87vo),respectively

(AppendixIH,Table4). Controlaviandietsamplescollectedduringthetestshowed no interferences

abovetheLOQ. Samplescollectedduringthetestto verifythe36.6,73.2,146,293 and 586 ppm a.i.

testsubstanceconcentrationshad mean measured concentrationsof 40.2,74.5,174, 291 and

537 ppm a.i.,respectively.These valuesrepresented110,102,119,99.3and 91.6% of thenominal

concentrations,respectively(AppendixHI,Table5). Analysisofaviandietsamplescollectedfrom

feedersafterbeingheldatambienttemperatureforfivedays averaged101,122, 104, 101,109, 114

and 102% oftheDay 0 valuesforthe18.3,36.6,73.2,146,293,586 and 1171 ppm a.i.testsubstance

concentrations,respectively(AppendixIILTable6). A repi@s@tivechromatogramofa testsample

isshown.inAppendix EII,Figure7.

Mortalitiesand ClinicalObservations

One incidentalmortalityoccurredinthecontrolgroupduringthecourseof thestudy(TableIand

AppendixV). On themorningof Day 5,one birdwas notedwitha brokenlegand was subsequently

euflmizedon Day 6. Additionally,two birdsinthecontrolgroupwere intermittentlynotedwithfoot

lesionsassociatedwithcagemate aggression.Otherwise,allcontrolbirdswere normalinappearance

and behaviorthroughoutthetest.

No treatmentrelatedmortalitiesor overtsignsoftoxicitywere observedinthe18.3,36.6,or

73.2ppm a.i.treatmentgroups.One birdinthe18.3ppm a.i.treatmentgroupwas notedas lame from

Day 6 throughDay 8,and bloodofundetemiinedoriginwas notedon theundersideof one bird.from

the73.2ppm a.i.treatmentgroupon Day 22. Otherwise,allbirdsinthe18.3,36.6and 73.2ppm a.i.

treatmentgroupswerenormalinappearanceand behaviorthroughoutthetestperiod.
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'Iherewas 11% (1of9)mortalityinthe146ppm ai.treatmentgroup,80% (8of 10)mortalityin

the293 ppm a.i.treatmentgroupand 100% (10 of 10)mortalityinthe586 and 1171 ppm a.i.

treatmentgroups.In the146 ppm a.i.treatmentgroup,one birdwas eudmnizedon Day 3 after

sustaininga brokenleg.Thisincidentalmortalitywas notusedinthecalculationoftheLC50 value.

Additionally,therewas one treatment-relatedmortalityinthe 146 ppm a.i.treatmentgroup,a bird

founddeadon themorningofDay 7. Clinicalsignsoftoxicitywereobservedinthistreatmentgroup

on Day 5,when two birdsdisplayedwing droop. AU otherbirdsatthistestconcentrationwere

normalinappearanceand behaviorforthedurationofthetest.

In the293 ppm a.i.treatmentgroup therewere eighttreatrnent-relatedmortalities,occurringon

Days 5,6 and 7. Signsof toxicitywere firstobservedon themorningof Day 4 and continuedto be

exhibitedthroughthemorningof Day 8 forthesinglebirdeuflmnizedon Day 8,and throughthe

afternoonofDay 8 fbrthesinglebirdsurvivinguntilDay 22. Signsoftoxicityincludeda mffled

appearance,reducedreactionto stimuli(soundand motion),lethargy,wing droop,lossof

coordination,lowerlimb weaknessand convulsions.The singleremainingbirdappearedto have

recoveredand was normal in appearanceand behaviorfrom the afternoonof Day 9 untiltest

termination.

Inthe586 ppm a.i.treatmentgroupmortalitieswere firstnotedon Day 3 and continuedtobe

observedthroughDay 7,atwhichpointallbirdshad died.Overtsignsoftoxicitywerefirstobserved

on fficafternoonof Day 2 and continuedthroughthemorningofDay 7,when thefinalbirdswere

founddead. Signsof toxicityobservedamong birdsinthe586 ppm a.i.treatmentgroup includeda

ruffledappearance,reducedreactionto stimuli(soundand motion),lethargy,depression,wing droop,

lossofcoordination,lowerlimbweakness,lowerlimbrigidity,prostrateposture,andconvulsions.

Inthe1171 ppm a.i.treatmentgroup 100% mortalityhad occurredby themorningof Day 4.

Sips of toxicityinthe1171ppm a.i.treatmentgroup werefirstobservedon theafternoonof Day 2,

withthefirstmortalitiesnotedon themorningof Day 3. Signsoftoxicityobservedpriortodeath

includeda ruffledappearance,reducedreactionto stimuli(soundand motion),lethargy,depression,

lossofcoordination,wing droop,andlowerlimbweaknessand rigidity.
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Bgd-yWeisthtandFeed Co u

When comparedtothecontrolgroup,therewere no apparenttreatmentrelatedeffectsupon body

weightamong birdsinthe 18.3,36.6 or 73.2 ppm a.i.treatmentgroups. However,therewa.Sa

concentrationresponsivereductioninbody weightgainor body weightlossinthe146,293 and 586

ppm a.i.treatmentgroupsduringtheexposureperiod(Days 0-5)(Table2 and AppendixVI).

Dfferencesfromthecontrolgroupwerestatisticallysignificantatp < 0.05forthe146 ppm a.i.level

and atp<0.01forthe293 and586 ppm a.i.levels.A statisticallysignificant(p<0.01)reductionin

body weightgaincontinuedtobe observedatthe146ppm a.i.testconcentrationthroughDay 8 ofthe

study. At the293 ppm a.i.concentrationa statisticallysignificant(p<0.01)mean weightloss

continuedthroughDay 8 ofthestudyand a marked reductioninweightgainwas notedthroughDay

15 ofthestudy.Due tototalmorlility,body weighteffectscouldnotbe determinedforthe1171ppm

a.i.levelduringtheexposureperiodor forthe586 and 1171ppm a.i.treatmentgroupsforpost-

exposureperiod.

Therewere no apparenttreatmentrelatedeffectsupon feedconsumptionatthe18.3,36.6,73.2or

146 ppm a.i.testconcentrations(Table3 and Appenc@xVU). However,a reductionin feed

consumptionwas notedatthe293, 586 and 1171 ppm a.i.treatmentgroups duringtheexposure

period(Days 0-5). Therewere no treatment-relatedeffectson feedconsumptionin any of the

survivingtreatmentgroupsduringtheDay 6-8post-exposureperiod.Inthe293 ppm a*.i.treatn=t

grouponlyonebirdsurvivedtoDay 22. The reductioninfeedconswnptionobservedatthe293 ppm

a.i.testconcentrationduringboththeDay 8-15and 15-22post-Wosure periodswas theresultof

havingonlyone birdinthepen,and was notconsideredtobe treatmentrelated.

GrossNec=s

During thecourseofthetest,allbirdsthatdiedwere subjectedtoa grossnecropsy.Necropsy

resultsforbirdsfound dead were similar.Common observationsincludedthincondition,lossof

musclemass,alteredspleencolor,autolysisof tissuesand paleorgans. Detailsofthenecropsy

findingsarepresentedinTable4.

Halfof thesurvivingbirdswere subjectedto grossnecropsyon Day 8 and theremainingbirds-

were necropsiedon Day 22,followingtesttermination.On Day 8,one birdinthe73.2ppm a.i.

treatmentgroupwas notedwitha slightlypaleliver.Due totheisolatednatureofthisfinding,itwas
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notconsideredtobe relatedtotreatment.The singlebirdeudmnizedfrom the293 ppm a.i.treatment

groupwas observedatnecropsytohave witha lackofmusclemass and generalthinness.Sincethese

findingscorrelatedwithan impactupon body weightnotedattlusconcentration,thefindingswere

consideredtobe treatmentrelated.Necropsyresultswereunremarkableforallotherbirdseuffianized

on Day 8. Similarly,Day 22 necropsyfindingswere unremarkableforallbirds.

CONCLUSION

The dietaryLC50 valuefornorthernbobwhiteexposedtoPFOS was determinedtobe 220 ppm a.i.

witha 95% confidenceintervalof 164 ppm a.i.to289 ppm a.i.Ile slopeoftheconcentration-

responsecurvewas 7.005and thechi-squarevaluewas 0.023.The no mortalityconcentrationwas

73.2ppm a.i.Based upon treatmentrelatedmortg4, signsoftoxicityand effectsupon body weight

gainatthe146ppm a.i.a.itestconcentration,theno-observed-effectconcentrationwas 73.2ppm a.i..
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TABLE I

CumulativeMoAal4 from a NorthernBobwhite Acute DietaryToxicityStudy withPFOS

Experimental No. Dead Per No. Exposed No. Dead Per No. Exposed
Group Exposure Period Post-ExposurePeriod

(ppmai.) Day 0 Day I Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8

Control

0 0/30 0/30 0/30 0/30 0/30 0/30 1/30 1/30 1/30

Treatment

18.3 0/10 0/10 0110 0110 0/10 0/10 0/10 0/10 0110

36.6 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10

73.2 0/10 0/10 0/10 0/10 0/10 0/10 0110 0/10 0/10

146 0/10 0/10
0/10 1/102 0/9 0/9 0/9 1/9 1/9

293 0/10 0/10 0/10 0/10 0/10 2/10 4/10 8/10 8/10

586 0/10 0/10 0/10 1/10 2/10 5110 8/10 10/10 10/10

1171 0/10 0/10 0/10 3/10 10/10 10/10 10/10 10/10 10/10

The LC50 valuewas calculatedtobe220 ppm ai.witha 95% confidenceintmvalof 164ppm iLi.to289 ppm &i..
1-No morwitiesoccurredinany ofthecontrolortreatinentgroupsfrom Day 8 toDay 22.
2- Birdeudmiizedon 3 aftersustaininga brokenleg.
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TABLE2
Page I

Mean Body Weight(g)froma NorthernBobwhiteAcuteDietaryToxicityStudywithPFOS

Experimental
Gmup ExposurePeriod Post-ExposurePeriod

(ppmai.) Cbangel Change'--- Total
Dg 0 Dg 5 Dg 0-5 DM8 Dg 5-8 Changel

Control
0 Mean 20 30 10 38 8 18

SD 1 4 3 5 2 -4

Treatment

18.3 Mean 21 31 11 40 9 20
SD 1 4 3 5 2 3

36.6 Mean 20 31 11 39 8 19
SD 2 3 2 3 1 2

73.2 Mean 20 30 9 37 7 16
SD 1 2 1 3 1 2

146 Mean 20 27* 7* 33* 6** 13**
SD 2 3 3 3 2 4

293 Mean 20 18** -2** 18** -2** -1**
SD 1 2 2 4 4 5

586 Mean 20 16** -4** - - -
SD 1 2 2

1171 Mean 20 - -
SD I

Mean changeiscalculatedseparatelyfromthemean bodyweightsusingindividualbodyweights(SeeAppendixVI).
(-)= No dataavailableduetomortality.
*Statisticallydifferentfromthecontrolgroupatp < 0.05(Dumett'st-test).
**StatistiE!!Iydifferentfrmnthecontrolgroupatp < 0.01(Dumett'st-test).
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TABLE2
Page 2

Mean Body Weight(g)fromaNorthernBobwhiteAcuteDietmy ToxicityStudywithPFOS

Experimental Post-ExposurePeriod
Group

(1@pma.i.) Change' Change' Total
DM8 Day 15 Dg 9-15 Da 22 Dg 15-22 Changel(8-22)

Control
0 Mean 37 59 23 82 22 45

SD 6 10 5 13 3 8

Tmatment

18.3 Mean 40 68 24 87 23 47
SD 6 8 3 7 3 3

36.6- Mean 38 65 26 89 24 50
SD 3 5 2 7 2 4

73.2 Mean 35 60 24 79 20 44
SD 3 4 2 4 2 2

146 Mean 34* 58 24 79 21 45
SD 3 3 1 2 2 1

293 Mean 21 35 14 55 20 34
2

SD

586 Mean -
SD -

1171 Mean -
SD -

'Mean changeiscalculatedseparatelyfromthemean bodywei usingindividualbodyweights(SeeAppendixVI).
2n=1,couldnotbeevaluatedstatisticallywithDunnett'st-test
(-)= No dataavailableduetomortality.
*StatisticallydifferentfromthecontrolE uU atp < 0.05)(Dunnett'st-test).
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TABLE3
Page I

Mean FeedConsumption(glbird/day)fromaNorthernBobwhiteAcuteDietary
ToxicityStudywithPFOS

Experimental
Group

(ppma.i.) ExposurePeriod Post-Expos=Period
Day 0-5 DE 6-8

Control

0 Mean 9 10
SD 2 2

Treatment

18.3 9 11

36.6 8 12

73.2 10 13

146 9 10

293 5 9

586 6 19

1171 4 -

No dataavailableduetomortality.
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TABLE3
Page 2

Mean Feed Consumption (glbird/day)from a NorthernBobwhite Acute Dietary
ToxicityStudywith PFOS

Experimental
Gmup

(ppmai.) Post-ExposurePeriod

Day 8-15 Day 15-22

Control

0 Mean 9 13
SD 2 1

Treatment

18.3 10 12

36.6 14 15

73.2 13 15

146 11 14

293 9 9

586 - -

1171

No dataavailabledue tomoftality.
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TABLE4
GroupGronsPathologicalObservations

from a NorthernBobwhite Acute DietaryToxicityStudywith PFOS

Birdsthatdiedduringthecourseof thestudy

Male, Female,and Undetermined

PPM A.I.

Finding Control 146 293 586 1171
N=l N =2 N =8 N =10 N =10

Abdominal cavity,some autolysis 0 0 2 2 4

Abdominal cavity,autolysisthroughout 0 0 0 1 1
Crop, empty 0 0 2 5 2
Emaciated 0 0 2 5 8

Fracturedleg I 1 0 0 0
G.I.traaempty 0 0 1 1 0

Gi=d contentsbilestained 0 0 2 5 1

Heart,anteriorportionmottledwhitecolor 0 0 1 0 0

Heart,pale 0 0 0 2 1
Intestinalcontentstar-like 0 0 0 2 0

KeeL prominent 0 0 1 3 10

Kidneys,pale 0 0 0 2 0

Liver,paleand mottled 0 1 0 0 0

Loss ofmuscle mass 0 0 4 7 9

Musculu-skeletal,pale 0 1 0 0 0
Small instature 0 0 3 0 0

Spleen,black 0 0 0 1 0

Spleen,dark 0 0 0 0 2

Spleen,grey 0 0 0 1 0

Spleen,grey-brown 0 0 0 0 1

Spleen,pale 0 0 1 0 1
Spleen,small 0 0 0 0 1

Spleen,smalland pale 0 0 0 3 0

Thin 0 0 0 4 2

Not Remarkable 0 0 1 0 0
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Table5
CumulativeMortality(EstimatedCumulativeDose,mg/kgl)froma NorthernBobwhite

AcuteDISM Toxici!yS@ldlwithPFOS._M
Experimental No.Dead PerNo.Exposed(CumulativeDose,mg/kg) No. Dead P

Group ExposurePeriod Post-Exlx
(jMma.i.) Pen-Dff0 D!lI Dg 2 DM 3 DM 4 DM 5 D!z 6 Dm

Control
0 1 0/5 015 0/5 0/5 015 015 015 015
0 2 015 015 015 015 015 0/5 015 015
0 3 0/5 015 0/5 015 0/5 015 015 015
0 4 015 015 015 015 015 015 015 015
0 5 015 015 015 015 015 0/5 1/5 115
0 6 0/5 015 015 015 015 015 0/5 0/5

Treatment
18.3 1 015 0/5(7) 0/5(14) 0/5(21) 0/5(28) 0/5(35) 015 0/5
18.3 2 015 0/5(6) 0/5(12) 0/5(18) 0/5(24) 0/5(30) 0/5 0/5

36.6 1 015 0/5(13) 0/5(26) 0/5(39) 0/5(52) 0/5(65) 015 015
36.6 2 015 015(11) 0/5(22) 0/5(33) 0/5(44) 015(55) 015 015

73.2 1 015 0/5(33) 015(66) 0/5(99) 0/5(132) 0/5(165) 015 015
73.2 2 0/5 0/5(32) 0/5(64) 0/5(96) 0/5(128) 0/5(160) 015 0/5

146 1 015 0/5(46) 0/5(92) 0/5(138) 0/5(184) 0/5(230) 015 115
146 2 015 0/5(49) 0/5(98) 1/5(147) 1/5(196) 1/5(245) 115 115

293 1 015 0/5(66) 0/5(132) 0/5(198) 0/5(264) 1/5(330) 115 4/5
293 2 015 015(101) 0/5(202) 0/5(303) .0/5(404) 115(505) 3/5 4/5

586 1 015 0/5(213) 0/5(429) 1/5(639) 2/5(852) 2/5(1065) 4/5 5/5
586 2 015 0/5(178) 0/5(356) 0/5(534) 0/5(712) 3/5(890) 4/5 515

1171 1 0/5 0/5(256) 0/5(512) 3/5(768) 515 515 5/5 515
1171 2 0/5 0/5(256) 015L512) 0/5(7681 515 515 5/5 515

TheLc5ovaluewascalculatedtobeapproximately220ppma.i.witha95% confidenceintervalof164to289ppma.i..
Birdwaseudmiizedduetoabrokenleg.
Estimtedcumulativedoseisbasedupontheaveragebodyweightandfeedconswnptionoverthe5-&y exposmeperiod,and servesasarough
approximatonoftheactualamountoftestsubstanceconsumed.
No mortalitiesoccurredin!U ofthetreatmentorcontrolou2s afterDay 8.
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DIET FORMULATION
WILDLIFE INTERNATIONAL LTD. GAME BIRD RATION'

INGREDIENTS PERCENT

Fine Com Meal 44.83
Soy Bean Meal, 48% Protein 30.65
Wheat Nfidds 6.50
ProteinBase 6.00
Agway Special,60% Protein 4.00
Alfal& Meal, 20% Protein 3.00
Dried Whey 2.50
Ground Limestone 0.90
Eastman CalPhos 0.60
MediioninePremix + Liquid 0.35
Vitamin and MineralPremix (seebelow) 0.32
GL Ferm (Fermatco@ 0.25
SaltIodized 0.10
Total 100.00

VITAMIN AND MINERAL PRFIVHX AMOUNT ADDED PER TON

Vitamin D3 2,000,000I.C.U.
Vitamin A 7,000,000 1-U.
Riboflavin 6 grams
Niacin 40 grains
PantothenicAcid 10 grams
Vitamin B12 8 mgs
FolicAcid 600 mgs
Biotin 64 mgs
Pyridoxine 1.2grams
Thiamine 1.2grams
Vitamin E 20,000 l.U.
Vit=k K (MenadioneDirnethylpyrimidinolBisulfite) 5.8 grams
Manganese 102 grams
Zinc 47 grams
Copper 6.8gram
Iodine 1.5gram
Iron 51 grum
Selenium 182 mgs

'Tbe guaranteedanalysisisa minimum of 27% protein,a minimum of 2.5% crudefatand a maximum
of 5% crudefiber.

2FermentationBy-Products(Sourceof UnidentifiedGrowth Factors).
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ANALYRICAL METHODS AND RESULTS
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Table I

TypicalLC/MS OperationalParameters

INSTRUMENT: Hewlett-PackardModel 1100High PerformanceLiquidChromatograph with
a Peridn-ElmerAPI 10OLC Mass SpectrometerequippedwithaPerldn-Elmer
TurboIonSprayionsource.Operatedinselectiveionmonitoringmode
(SM.

ANALYRICAL COLUMN: KeystoneBeLuffClscolumn (100nun x 2 mm I.D.,3 pm particlesize)

OVEN ISWERATURE: 300C

STOP TIME: 10.0minutes

FLOW RATE: 0.220mIJminute

MOBILE PHASE: 72.0% Methanol 28.0% NANOpureOD Water containing0.1% Formic Acid

INJECMON VOLUME: 25.0pL

PFOS RETENTION TIME: Approximately7.0minutes

INTERNAL STANDARD
RETENTION TM@ffi: Approximately4.8minutes

PFOS MONITORED MASS: 498.6amu

INTERNAL STANDARD
MONITORED MASS: 426.7
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Table2

MatrixBLuks AnalyzedConcurrentlyDuringSampleAnalysis

S ple!a MeasuredConcentrationof
Number PFOS,
(454-103-) Type (ppma.i.)

MAB-1 MatrixBlank < LOQ

MAB-2 MatrixBlank <LOQ

'Thelimitofquantitation(LOQ) was 1.15ppm ai.basedupontheproductofthelowestcallb-mtionid@ard
Egyzed (0.00229Mg a.i./L)andthedilutionfactorofthematrixblankEMIes (500).
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Table 3

MatrixFortificationsAnalyzed ConcurrentlyDuring Sample Analysis

ConcentrationsofPFOS
Sample Number (ppmai.) Percent

(454-103-) Fortified Measured Recovered

MAS-LA 4.57 4.54 99.2
MAS-4A 4.57 4.79 105

M,kS-2 183 176 96.1
MAS-5 183 162 88.3

MAS-3 1830 1576 86.1
M,kS-6 1830 1716 93.7

Mean = 94.7
StandardDeviation= 6.99

CV= 7.38
N = 6

Note:Resultsand correctionsfornew testsubstancepunty were generatedusingMacQuan version1.5software
and manual calculations.Valueshave been rounded forreportingpurposes.
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Table4

HomogeneityofPFOS inAvian Diet
Nominal Sample LocationSampled PFOS Mean MeasuredConcentration(5t)

Concentration Number in MeasuredConcentration StandardDeviation(SD)
(ppma.i.) (S-454-103-) Mxing Vessel (ppma.i.) CoefficientofVariation(CV)l

18.3 2 Top Left 18.5
3 Top Right 23.4 5t= 19.5ppm a.i.
4 MiddleLeft 18.3 SD = 2.13ppm a.i.
5 MiddleRight 17.3 CV = 10.9%
6 BottomLeft 19.4
7 BottomRight 19.9

1171 18 Top Left 1239
19 Top Right 1221 R = 1196ppm a.i
20 Middleleft ilig SD 70.2ppm. a.i
21 MiddleRight 1301 CV 5.87%
22 BottomLeft 1163
23 BottomRight 1133

Note:Resultsand coffewons"fornew testsubstancepuritywere generatedusingMacQuan version1.5softwareand manualcalculati
roundedforreportingpurposes.

'Coefficientofvariationwas calculatedusingfidlprecisionofmean and standarddeviationresults.
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Table5

VerificationofPFOS Concentrationsin"an Diet

Nominal Sample sampling PFOS Percent Mean Measured
Concentration Number Interval MeasuredConcentration' Of Concentration
(ppma.i.) (S454-103-) (Day) (ppma.i.) Nominal (ppma-i.)

0.0 1 0 < LOQ -

19.3 - - - - 19.51

36.6 8 0 45.7 125 40.2
9 0 34.6 94.5

73.2 10 0 77.8 106 74.5
11 0 71.2 97.3

146 12 0 176 120 174
13 0 172 117

293 14 0 274 93.9 291
15 0 307 105

586 16 0 550 93.9 537
17 0 523 89.4

1171 - - - - 1196'

Note:Resultsandcorrectionsfornew testsubstancepurityweregeneratedusingMacQuan version1.5softwareandmanualcalculations.Valueshave
purposes.

"Me lindtofquantitation(LOQ)was 1.15ppm a.i.basedupontheproductofthelowestcalibrationstandardanalyzed(0.00229mg a.i./L)andthedil
blanksamples(500).
'ResultobtainedfromTable4.
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Table6

AmbientStabilityofPFOS inAvianDietDuringtheNorthernBobwhiteLC50 Study

Nominal
Dayof Day 5

Concentration Sample Mean Measured Mean Percent Sample Measured Me= Measured
(ppma.i.) Number Concentration Of Number Concentratior? Concentration

(S-454-103-) (ppma.i.) Nominal (S454-103-) (ppmai.) (ppmai.)
0 1 - - 24 < LOQ -

18.3 2-7 19.5 107 25 19.2 19.6
26 19.9

36.6 8.9 40.2 110 27 44A 49.1
28 53.9

73.2 10.11 74.5 102 29 76.4 77.2
30 77.9

146 12.13 174 119 31 177 176
32 174

293 14,15. 291 99.3 33 319 317
34 315

586 16.17 537 91.6 35 560 613
36 665

1171 18-23 1196 102 37 1260 1224
39 1187

'Day0 resultsobtainedfromTable4 andTable5.
2Thelimitofquanfitation(LOQ) was 1.15 ppm a.i.basedupontheproductofthelowestcalibrationstandardanalyzed(0.00229mg a.iJL)andthedilutionfactorof
(500).
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METHOD OUTLINE FOR THE ANALYSIS OF PFOS
IN AVLAN DIET

preparematrixfortificationsamplesinthecloakedavian&ed dock usingto drynux ted=qum

Dq Mix Technique

Forthehigh-levelmatrixfortificationsmvic, weightherequisiteqmdty ofWildlifeInternationalLt& (WIL) radonintoaweighboal
I&

Weigh therequisitequantityoftestsubstance(ffOS) intoabeaker.

Add 3/,ofthewiL mtionand thetestsubstancetoakW beaker.

RinsethebeakerthatcontainedthePFOS withsmallportionsofthercmahiingrationandtransferallportionstothelargerbc&cr.

Mix thecontentsofthekW beakerwellandUmneer thenlixttntoaWaring blender.

Blendthemixturefor-5 minutesAOPPing atInlinutoki-als tos=pe down thesidesoftheblender.
Duringthethirdintervaltransferdw f"uficdfeedtoa beak-.-ix welland returnthemixturetothebluxlertocompletenixinginthe

specifiedtimc

preparethenexttwo matrixfmtificadon]awlsby saW diluti-
Followthesame proceduredescribedforthehigh-levelmatrixfortificationexceptweigh theappropriatequantityoffortifiedmatrix(highor

mid-level)ratherthanthetestsubdance,

Weigh IO-Ssamplesofthematrixblank,matrixfmifficafianandtestsampla intoweigh boatsand t=dcr to 16-oL French-square91=
bottles.Recordtheweightl

For eachsample,measure 100 mLs of methanolwitha graduatedcylinderandtransfervolume totheFmich-squarebottic

Cap bottlesand placeon shakertable.Allow thesamplesto sh&c fora minimum of 30 minutesat250 rpm

Vacuum filtereachsamplewithqualitativefilterpaperand ritm retainedfeed3 tmm withmed=ol intothefiftratp-

TnuLsfertheflitra"toa 200-mL volumetricflaskand bringtheflasktovolume withmcd=ol

Prepareappropriatedilution(s)to bringfinalconcentrationintothecalibrationrangeoftheLCMS methodology.
Use methanolforintermediatedilutions,ifrequire&

For allfinaldilutionsuse50% medmol: 50% NANOpurcO watersolutioncontaining0.100mg 4H PFOS CuA=ualstandard)/L
and 0.05% fonnicacid(v/v).

Ampulate and submit=Wles forLCMS analysis.

Figure 1. Analyticalmethod flowchartfortheanalysisofPFOS inaviandiet.
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Figure2. AtypicalcalibrationcurveforPFOS. Slope= 2.77397;Intercept=0.01894;r= 0.9981.
Curveisweighted(I/x).
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Figure3. A representativeionchromatogramofa low-level(0.00229mg a.i./L)PFOS standard.
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Figure4. A representativeionchromatogramofa high-level(0.0457mg ai./L)PFOS standard.



WILDLIFE INTERNATIONAL, LTD PROJECT NO.: 454-103

-40-

APPENDDC III

iso
intensity:230 cps
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FigureS.- A representativechromatogramofa matrixblanksample(454-103-NIAB-1).
The arrowindicatestheretentiontimeofPFOS.
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Figure6. A representativechromatogram ofa matrixfortificationsample (454-103-MAS-IA).
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Figure7. A representativechromatogramofa testsample(454-103-2).
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DEET PREPARATION

Weightand volumeofconstituentsusedtopreparetestdiets:

Nominal Test Basal
Concentrations Substance Ration
(ppma.i.) (9) (9)

0
-

9000.0
18.3 0.1818 8999.8
36.6 0.3638 8999.6
73.2 0.7282 8999.3
146 1.4659 8998.5
293 2.9123. 8997.1
586 5.8239 8994.2
1171 11.6483 8988.4

Dietswere preparedasfollows:

o5000.Og ofbasalrationwas weighedintoa taredHobartmixingbowl.

otbe testsubstancewas weighedina Ured weigh boat.

*Approximately100g ofbasalrationwas takenfromthemixingbowl andplacedinaWaring
blender.

*The testsubstancewas addedtotheblenderand theweighboatwas rinsedwithadditionalmtion,
withtherinsealsobeingplacedintheblender.

olhe blendercontentswereblendedforapproximately60 secondsandtransferredtothemixing
bowl.The blenderwas rinsedwithadditionalration,withtherinsealsobeingplacedinthe

mixing
bowl.

*The bowl was placedon a Hobartmixerand thecontentswere mixedforapproximatelysixminutes.
The remainingmtionasaddedtothebowl and thecontentsweremixed forsixmore minutes.

*The dietwas transferredtoa labelledpaperfeedbag.
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CumulativeMortalt by Pen from a Northern BobwlfiteAcute DLe!:@gToxi2il@ZStudy withPFOS

Experimental No. Dead PerNo. Exposed No. Dead Per
'Group Pen Fxposure Period Post-Expos

(p2m a.i.) Dg 0 D!Z I D@y2 DM 3 Day 4 DM 5 -D@y 6 Day
Control
0 1 015 015 015 015 015 0/5 015 015
0 2 015 015 015 015 015 015 0/5 015
0 3 015 015 015 015 015 015 0/5 0/5
0 4 015 015 015 015 015 015. 015 0/5
0 5 015 0/5 015 0/5 0/5 015 115* 115
0 6 0/5 0/5 015 0/5 015 0/5 015 0/5
Treatment
18.3 1 015 015 015 015 015 0/5 0/5 0/5
18.3 2 015 015 015 015 015 015 015 015
36.6 1 0/5 015 015 0/5 015 0/5 0/5 0/5
36.6 2 015 015 015 015 015 015 015 0/5
73.2 1 015 015 015 015 0/5 015 015 0/5
73.2 2 015 015 015 015 015 015 015 015
146 .1 015 015 015 015 015 015 0/5 1/5
146 2. 015 015 0/5 115* 115 115 1/5 1/5
293 1 0/5 0/5 0/5 015 015 115 115 4/5
293 2 015 0/5 015 015 015 115 315 4/5
586 1 0/5 0/5 0/5 1/5 2/5 2/5 4/5 5/5
586 2 015 015 015 015 015 3/5 4/5 5/5
1171 1 015 015 015 3/5 5/5 515 515 515
1171 2 015 015 015 015 5/5 515 515 515

The LC50 value was calculatedto be 220 ppm a.i.with a 95%, confidence intervalof 164 ppm a.i.to 289 ppm a.i.
* - Bird was eudianizeddue toa broken leg.
I- No mortalitiesoccurredinM ofthecontrolortreatmentzou2s afterD!y 8.
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IndividualBody Weights(g)froma NorthernBobwhite
AcuteDietaryToxicityStudywithPFOS

Page I

Experimental
Group Change Change Total

@22m a.i.) Bird Day 0 Da 5 Dg 0-5 D!y 8 Dg 5-8 Change

0 1 19 24 5 27 3 8
2 20 27 7 34 7 14
3 21 32 11 42 10' 21
4 22 32 10 40 8 18
5 23 39 16 so 11 27

Mean 21 31 10 39 8 19
SD 2 6 4 9 3 7

0 1 1'9 26 7 35 9 16
2 20 25 5 35 10 15
3 20 29 9 37 8 17
4 22 33 11 43 10 21
5 22 .31 9 39 8 17

Mean 21 29 87 38 9 17
SD 1 3 2 3 1 2

0 1 19 23 4 30 7 11
2 20 26 6 29 3 9
3 20 29 9 32 3 12
4 22 30 8 37 7 15
5 22 35 13 40 5 18

Mean 21 29 8 34 5 13
SD 1 5 3 5 2 4

0 1 19 28 9 37 9 18
2 19 27 8 35 8 16
3 19 30 11 36 6 17
4 21 32 11. 42 10 21
5 22 33 11 43 10 21

Mean 20 30 10 39 9 19
SD 1 3 1 4 2



WILDLIFE INTERNATIONAL, LTD PROJECT NO.: 454-103

-46-

APPENDIX VI

individualBody Weights(g)fromaNorthem Bobwlute
Acute DietaryToxicityStudywithPFOS

Page 2

Experi=nW
Group Change Change Total

(22Ma.i.) Bird Dg 0 DE 5 Dg 0-5 Dg 8 D2X 5-8 Chan e

0 1 19 28 35 7 16
2 20 27 7 36 9 16
3 21 32 11 44 12 23
4 20 30 10 -

- -5 22 34 -12 44 10 22
Mean 20 30 10 40 10 19
SD 1 3 2 5 2 4

0 1 18 30 12 39 9 21
2 21 35 14 46 11 25
3 19 29 10 37 8 18
4 21 32 11 41 9 20
5 22 32 10 42 10 20

Mean 20 32 if 41 9 21
SD 2 2 2 3 1 3

Group Mean 20 30 10 38 8 18
Total SD 1 4 3 5 2 4
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IndividualBody Weights(g)fromaNorthernBobwhite
AcuteDietaryToxicityStudywithPFOS

Page 3

Experimental
Group Change Change Total

@22m a.i.) Bird Day 0 DM 5 DM 0-5 Dg 8 Dg 5-8 Change

18.3 1 19 26 7 34 8 15

2 19 33 14 39 6 20

3 21 27 6 35 8 14

4 22 34 12 46 12 24

5 22 36 14 46 10 24

Mean 21 31 11 40 9 19
SD 2 4 4 6 2 5

18.3 1 19 28 9 38 10 19

2 19 28 9 37 9 is

3 20 29 9 38 9 18

4 22 34 12 44 10 22

5 22 35 13 44 9 22

Mean 20 31 10 40 9 20
SD 2 3 2 3 1 2

Group Mean 21 31 11 40 9 20
Total SD 1 4 3 5 2 3
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IndividualBody Weights (g)from a NorthernBobwhite

Acute DieL-uyToxicityStudy withPFOS
Page 4

Experimental
Group Change Change Total

(pEm a.i.) Bird D!Y 0 Dg 5 Dg 0-5 DLy 8 Dg 5-8 Ch!age

36.6 1 18 26 8 35 9 17

2 19 30 11 39 9 20

3 19 29 10 37 8 is

4 21 30 9 38 8 17

5 21 34 13 43 9 22

Mean 20 30 10 38 9 19
SD 1 3 2 3 1 2

36.6 1 19 29 10 37 8 is

'2 19 29 10 37 8 is

3 21 32 11 40 8 19

4 22 35 13 44 9 22

5 23 36 13 44 8 21

Mean 21 32 11 40 8 20
SD 2 3 2 4 0 2

Group Mean 20 31 11 39 8 19
Total SD 2 3 2 3 1 2
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IndividualBody Weights(g)froma NorthernBobwhite
AcuteDietaryToxicityStudywithPFOS

Page 5

Experimental
Gmup Change Change Total

(ppmai.) Bird Day 0 Day 5 Day 0-5 D!z8 __gay 5-8 Change

73.2 1 18 26 8 32 6 14

2 19 26 7 33 7 14

3 20 29 9 36 7 16

4 21 32 11 39 7 18

5 21 30 9 36 6 15

Mean 20 29 9 35 7 15
SD 1 3 1 3 1 2

.73.2 1 18 27 9 34 7 16

2 20 31 11 38 7 18

3 21 30 9 37 7 16

4 21 32 11 39 7 .18

5 22 32 10 41 9 19

Mean 20 30 10 38 7 17
SD 2 2 1 3 1 1

Gmup Mean 20 30 9 37 7 16
Total SD 1 2 1 3 1 2
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IndividualBody Weights (g)from a NorthernBobwhite

Acute DietaryTo@dcityStudy withPFOS
Page 6

Experimental

Group Change Change Total
(P m a.i.) Bird Day 0 Day 5 Day 0-5 Day 8 Day 5-8 Change

146 1 19 28 9 35 7 16

2 .19 28 9 32 4 13

3 20 24 4 - - -

4 22 33 11 38 5 16

5 23 28 5 32 4 9

Mean 21 28 8 34 5 14
SD 2 3 3- 3 1 3

146 1 18 24 6 31 7 13

2 19 27 8 35 8 16

3 19 27 8 33 6 14

4 21 - - - -

5 23 24 1 28 4 5

Mean 20 26 6 32 6 12
SD 2 2 3 3 2 5

Group Mean 20 27* 7* 33* 6** 13**
Total SD 2 3 3 3 2 4
(-)= No dataavailableduetomortahty.
*Statisticallydiffemtfromthecontrolgroupatp < 0.05(Dunnett'st-test).
**Statig@@ differentfromthecontrolgroupatp < 0.01LDunnetVst-test).
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IndividualBody Weights(9)fromaNorthernBobwhite
AcuteDietaryToxicityStudywithPFOS

Page 7

ExperimenW
Group Change Change Total

Bird Day 0 Day 5 DLy 0-5 Day 8 D!y 5-8 c@n-P-Ma.i.)

293 1 18 20 2 21 1 3

2 19 17 -2 - -

3 20 18 -2

4 2-2 - -

5 22 20 -2 -

Mean 20 -1 21 1 3
SD 2 2 - -

293 1 19 19 0 15 -4 -4

2 19 - - - -

3 20 20 0 -

4 20 17 -3 -

5 21 16 .5 - -

Mean 20 18 -2 15 -4 -4
SD 1 2 2 - -

Group Mean 20 18** -2** 18** -2** -1**

Total SD 1 2 4 4 5

(-)= No dataavailableduetomortality.
*Statisficallydifferentfi-omthecontrolgmup atp< 0.05(Dtumett'st-test).
**StatistiE!!!ydifferentfromthecontrolou2 atp < 0.01(Dunn tt'st-test).
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IndividualBody Weights(g)fromaNorthernBobwhite
AcuteDietaryToxicityStadywithPFOS

Page 8

Experin=tal
Group Change Change Total

10 Dg 5 Day 0-5 D!y 8m a.i.) Bird D! Dg 5-8

596 1 18 - -

2 20 13 -7

3 21 18 -3

4 21 - - -

5 22 17 -5 -

Ukan 20 16 -5 -

SD 2 3 2 -

586 1 19 16 -3

2 20 - -

3 20 16 -4

4 19 -

5 21 - -

Mean 20 16 -4
SD 1 0 1

Group Mean 20 16** -4*i--- -

Total SD 1 2 2

(-)= No dataavailableduetomortality.
**Statistical!ydifferentfromthecontrolgroup!t 0.01(Dunn tt'st-test@.
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individualBody Weights(g)fromaNorthernBobwhite
AcuteDietaryToxicityStudywithPFOS

Page 9

Experimental
Group Change Change Total

PLP.m a.i.) Bird Day 0 Day 5 Day 0-5 Day Day 5-8 Change

1171 1 is

2 20

3 20

4 21

5 21

Mean 20
SD 1

1171 1 18

2 20

3 20

4 22 - - - -

5 21 - - - -

Mean 20 - - - -
SD 1 - - - -

Group Mean 20 - - - -
Total SD 1 - - - -

No data availableduetomortality.
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APPENDIX VI

IndividualBody Weights(g)froma NorthernBobwhite
AcuteDietaryToxicityStudywithPFOS

Page 10

Experin=tal
Change Change TotalGroup

(22Ma.i.) Bird Dq 8 DE 15 Day 8-15 Dg 22 Day 15-22

0 1 -27 42 15 61 19 34
2 34 56 22 77 21 43
3 42 69 27 92 23 50
4 40 63 23 84 21 44
5 50 78 28 104 26 54

Mean 39 62 23 84 22 45
SD 9 14 5 16 3 8-

0 1 35 55 20 74 19 39
2 35 53 18 74 21 39
3 37 64 27 85 21 48
4 43 74 31 103 29 60
5 39 59 20 so 21 41

Mean 38 61 23 83 22 45
SD 3 8 6 12 4 9-

0 1 .30 54 24 79 25 49
2 29 .45 16 63 18 34
3 32 54 22 77 23 45
4 37 55 18 75 20 38
5 40 68 28 95 27 55

Mean 34 55 22 78 23 44
SD 5 8 5 11 4 8

Group Mean 37 59 23 82 22 45
Total SD 6 10 5 13 3 8-
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APPENDIX VI

IndividualBody Weights(g)froma NorthernBobwhite
AcuteDietaryToxicityStudywithPFOS

Page 11

Experimental
Group Change Change Total

@EPM ai.) Bird Dg 8 Dg 15 Dg 8-15 Dg 22 DU 15-22 Change

18.3 1 34 53 19 78 25 44

2 39 65 26 85 20 46

3 35 60 25 86 26 51

4 46 73 27 95 22 49

5 46 71 25 92 21 46

Mean 40 64 24 87 23 47
SD 6 8 3 7 3 3

Experimental
Group Change Change Total

(2P-Ma.i.) Bird Day 8 D!y 15 DM 8-15 D@y 22 Day 15-22 C

36.6 1 35 60 25 81 21 46

2 39 65 26 91 26 52

3 37 65 28 91 26 54

4 38 61 23 83 22 45

5 43 72 29 97 25 54

Mean 38 65 26 89 24 50
SD 3 5 2 7 2 4
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APPENDIX VI

IndividualBody Weights(g)froma NorthernBobwhite
Acute DietaryToxicityStudywithPFOS

Page 12

Experimental
Group Change Change Total

(ppma.i.) Bird Day 8 Day 15 Day 8-15 Day 22 Day 15-22 Change.

73.2 1 32 54 22 76 22 44

2 33 58 25 77 19 44

3 36 62 26 79 17 43

4 39 65 26 87 22 48

5 36 59 23 78 19 42

Mean 35 60 24 79 20 44
SD 3 4 2 4 2 2

Experimental
Group Change Change Total

(am a.i.) Bird DU8 Day 15 Dg 8-15 DU 22 Day 15-22 Change

146 1 35 58 23 81 23 46

2 32 55 23 77 22 45

3

4 38 63 25 81 18 43

5 32 57 25 78 21 46

Mean 34* 58 24 79 21 45
SD 3 3 1 2 2 1

No dataavailabledue tomortality.
*StatistiLakdiffe=tfromthecontrolE uU atp < 0.05(DunnetVst-test)
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APPENDIX VI

IndividualBody Weights(g)froma NorthernBobwhite
AcuteDietaryToxicityStudywithPFOS

Page 13

EVerimental
Group Change Change Total

(ppma.i.) Bird Day 0 Day 5 Day 0-5 Day 8 Day 5-8 Change

293 1 21 35 14 55 20 34

2

3

4

5

Mean 21 35 14 55 20 34
SD - - - - - -

No dataavailableduetomortality.
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APPENDIX VII

]FeedConsumption(glbird/day)by Pen from aNorthernBobwhiteAcute
DietaryToxicityStudywithPFOS

Page I

ExperimentalGroup ExposurePeriod Post-ExposurePeriod

(ppm&i.) Pen Day 0-5 Day 6-8

Control 1 9 12

2 7 12

3 8 7

4 12 12

5 9 9

6 10 9

Mean 9 10
SD 2 2
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APPENDIX VII

Feed Consumption(g/bird/day)by Pen from aNorthernBobwhiteAcute
DietaryToxicityStudywithPFOS

Pge 2
ExperimentalGroup ExposurePeriod Post-ExposurePeriod

(ppma.i.) Pen Day 0-5 Day 6-8

18.3 1 9 10
2 8 11

Mean 9 11

36.6 1 8 14
2 7 9

Mean 8 12

73.2 1 10 12
2 10 14

Mean 10 13

146 1 7 8
2 10 12

Mean 9 10

293 1 4 8
2 6 10

Mean 5 9

586 1 6 16
2 5 22

Mean 6 19

1171 1 4 -
2 4

Mean 4

No dataavailableduetoadultmortality.
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APPENDIX Vla

FeedConsumption(gibird/day)by Pen froma NorthernBobwhiteAcute
DietaryToxicityStadywithPFOS

Page 3

Expedmntal Group ExposurePenod Post-ExposurePeriod

(ppma.i.) PM Day 8-15 Day 15-22

Control 1 10 14

2 10 12

3 7 12

Mean 9 13
SD 2

EVedmntal Group ExposurePeriod Post-ExposurePeriod

(ppmai.) Pen Day 8-15 Day 15-22

18.3 1 10 12

36.6 1 14 15

73.2 1 13 15

146 1 11 14

293 1 8 9
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APPENDIX VM

CHANGES TO PROTOCOL

1."Me protocolwas amendedtoindicatethatbilewillbe collectedfrom allstudybirds.The protocol
was clanfiedtomdcate thecouectonofliverfrom birdsthatdieddunng thecourseofthestudy

2.Bloodsampleswerecollectedon Day 8 andDay 22 innon-heparinized5 ml borosilicateglasstest
tubes.The protocolindicatedthathepannizedvacutainerswould be used.

3.The protocolwas amended tochangethetestconcentra6onsfrom 0,20,40,80, 160,640 and 1280
ppm ai.,to0,18.3,36.6,73.2,146,293,586 and 1171 ppm a.i.Testconcentrationswere changedto
reflectthetestsubstancepuritygiveninthenew certificateofanalysis.

4.The temperaturesfrom severalbrooderunitson Day 4,7,8,andallbrooderunitson Day 22 were
notrecorded

5.'Me aftemoonobservationswere inadvertentlynotrecordedfor2 birdsinthe640 ppm a.i.
treatmentgroupon April26,1999.
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APPENDICK IX

PERSONNEL INVOLVED IN THE STUDY

The fouowmg keyWildlifeInternationalLtd.personnelwere involvedintheconductor

managen=t ofthisstudy:

(1)Mark Jaber,WildlifeTomcologist

(2)JoannB. Beavers,Director,AvianToxicology

(3)Sean P.Craflagher,SeniorBiologist

(4)CourtneyCasey,M.S.,SeniorBiologist

(5)WillardB.Nixon,Ph.D.,Manager,AnalyticalChemistry

(6)TimothyZ.Kendall,Supervisor,AnalyticalChemistry

(7)Raymond L.Van Hoven, Ph.D.,Scientist

(8)EllenMank, Chmnist
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AMEENDMENT TO STUDY PROTOCOL

STUDY TITLE: PFOS: A DIETARY LC50 STUDY WITH THE NORTHERN BOBWHITE

PROTOCOL NO.: 454/030999/QLC/SUB454 AMENDMENT NO.: I

SPONSOR-- 3M Corporation PROJECT NO.: 454-103

EFFECTIVE DATE: April27,1999

ANIENDNffiNT:

On page 8 underNecropsy add:

Wlum possible,bilewillbe collectedfrom allbirds.Liverswillalsobe collectedfrom allbirdsthat
dieduringthecourseof thetest.

REASON:

BileisbeingcollectedatSponsor request.The protocolisbeingclarifiedtoindicatethecollection

of liverfrom birdsthatdie.

Study Director Date

LaboratoryM\tAagemmt Date

SplnsorPrincipalContact bate'
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DEVIATION TO STUDY PROTOCOL

STUDY TITLE: PFOS: A DietaryLC50 Studywith theNorthernBobwhite

PROTOCOL NO.: 454/030999/QLC/SUB454 DEVIATION NO.: 1

SPONSOR: 3M Corporation PROJECT NO.: 454-103

DATE OF DEVIATION: April.30andMay 14,1999

AMENDMENT:

Blood samples collectedon Day 8 and Day 22 of thetestwere storedinlabellednon-
heparinized5 ml borosillicateglasstesttubespriortobeingrefrigerated.The protocolirdeatrd
thatblood sampleswould be placedinlabelledheparanizedvacutainers.

REASON:

Testanimalswere toosmalltoefficientlydraw bloodby syringe.Blood was drawn by
decapitatingbirdsand drainingblood intotesttubes.Heparin was notadded toblood samples
due toa Sponsor requestto separateserum from theblood atWildlifeInternationalLtd.
Seperationofsum requirescoagulationofblood samples,which heparinprevents.

IMI?ACR:

Blood samples were drawn inan efficientmamer and senan was collectedper Sponsor
request Thereforethisdeviatimcausedno adversennpacton thestudyoutcome ormterprota-
tion.

STUDY DIRECTOR DATE

WILDLIFEENTERNATIONAL LTD. MANAGEHENT DATE
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DEVIATION TO STUDY PROTOCOL

STUDY TIME: PFOS: A DietaryLC50 StudywiththeNorthem Bobwhite

PROTOCOLNO.: 454/030999/QLC/SUB454 DEVIATION NO.: 2

SPONSOR- 3M Corporation PROJECT NO.: 454-103

DATE OF DEVIATION: April26-May 14,1999

DEVIATION:

On severaloccasionstemperaturesw= inadvertentlynotrecordedfor'twoto eight
brooderlevelshousingstudybirds.

REASON:

BiologistoversightWith theexceptionofMay 1,1999,when threebroodert=peratures
were notrecorded,thebrooderpens whmr, temperatureswere notrecordedwere empty attheb=
ofaftanoonobservations.Brooderpen temperaturesaretypicallyrecordedduringafternoon
observations.Biologistsrecordingafternoonobservationson theoccasionswheretemperatures
were missedneglectedtorecordtemperaturesforempty brooderlevelsthathousedbirdsearlier
thesame day.

IMTACT:

Data forthesebrooderlevelson thedayspriortoand/orfollowingthemissedtemperatures
mdicatedthattemperatureswerewithm thea=ptable range.Itisreasonableto expectthatthe
brooderswere performingproperlyon thedays ofthemissedobservations.Tberefore,this
deviationcausedno adverseimpacton theoutcome ofthestudy.

STUDY DIRECTOR DATE

0,\Ck
WILDLEFE iNTFIbNATidNAL LTD. MANAGEMENT DATE

r
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DEVIATION TO STUDY PROTOCOL

STUDYTITLE: PFOS: A DietaryLC50 Study withtheNorthernBobwhite

PROTOCOL NO.: 454/030999/QLC/SUB454 DEVIATION NO.: 3

SPONSOR: 3M Corporation PROJECT NO.: 454-103

DATE OF DEVIATION: April26,1999

DEVIATION:

On April26,1999,Day 4 ofthestudy,theaftemom observationsforunitB37-1 housing
birdsfrom the640 ppm ai treatmentlevelinadvertentlydidnotincluderecordedobservations
oftwo birds.

REASON:

Biologistoversight.

U*IPACR

None. Observationsfrom themorning of Day 4 were made forallbirdsinPen B37-1,
detailingwhich were displayingsignsof toxicity.Because observationsoftwo birdswere notnotedit
isreasonabletoassune theywere normal inappearanceand behavior,butthebiologistfailedtorecord
theobservatiorl

r

STUDY DIRECTOR DATE

WILDLIFE Dn7NMAMiiAL LTD. MANAGENffiNT DATE
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SOP DEVIATION

STUDY TITLE: PFOS: A DIETARY LC50 STUDY WITH THE NORTHERN BOBWH[TE-- -

PROTOCOL NO'.: 454/030999/QLC/SUB454

SOP NO.: 415 DEVIATION NO.: I

SPONSOR- 3M Corporation PROJECT NO.: 454-103

DATE OF DEFACTO DEVIATION: May 10-13,.1999

DEVIATION:

Brooder unitB2 1-1usedtohouse controlgroupbirdswas below thespecifiedminimum of95F
on may 10-13,1999. Thisbrooderunitrangedbetween 1*and 3*below theminimum and thereareno
recordsof theresponsibletechnicianor biologistmaidng a thermostatadjustmentto correctthe
temperatures.BrooderunitB26-1 used to house birdsfrom the320 ppm a.i.treatmentgroup was 10
below thespedfiedminimum of95OF on May 10, 1999. On thefollowingday thebroodertemperature
was withinthespecifiedrange.

REASON:

Misadjustm=t of thebrooderunitthermostat.

IMEPACR:

None. There was no apparenteffecton testbirdbody weightorhealth.

A.P-@
STUDY DIRECTOR DATE

WILDLIFE DiTMNATIO)qAL LTD. MANAGEMENT DATE
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SOP DEVIATION

STUDY TITLE: PFOS: A DIETARY LC50 STUDY WITH THE NORTHERN BOBWH[TE

PROTOCOL NO.: 454/030999/QLC/SUB454

SOPNO.: 423.IA DEVIATION NO.: 2

SPONSOR-- 3M Corporation PROJECT NO.: 454-103

DATE OF DEFACTO DEVIATION: April22,1999

DEVIANON:

On April22,1999,duringdietpreparationon Day 0 ofthetes41.4659g oftestsubstanor,
was weighedout forpreparationof the 160 ppm a.i.testconcentrationdiet.This amount
exceededthetargetamount by 0.099g.The SOP indicatesthatthetestsubstancewillbe weighed
towithin0.0005 g ofthetargetamount.

REASON:

Dieticianoversight..

IMEPAC17:

None. The diff=nce intheamount oftestsubstanceweighedresultedina lessthan1% change
infinaldietaryconcentration.

STUDY DIRECTOR DATE

WELDLIFE NVERNABONAL LTD. MANAGENEENT DATE
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PFOS: A DEETARY LC50 STUDY WrrH TBE NORTBERN BOBWHNE

SPONSOP, 3M Corporation
EnvironmentalLaboratory
P.O. Box 33331
St.PaA Minnesota 55133

SPONSOR!S REPRESENTATIVE: Ms. Susan A. Beach

TESTING FACELRIY: WildlifeInternationalLtd.

8598 Conunerce Drive
Easton,Maryland 21601

STUDY DIRECTOR-- Sean P. Gallagher,SeniorAvian Biologist

LABORATORY MANAGE Joann B. Beavers
Manager of Avian Toxicology

FOR LABORATORY USE ONLY

Proposed Dates:

Experimental Experimental

StartDate: Temdmtim Date:

ProjectNo.: L45f4-10-S Study Roorw.

Test Concentratic)ns-.0,10 .,Lk'D fy\a. C,%,o , 16,

TestSubstanceNo.: 4LIS memce substanceNo. (ifapplicable): 146@G

PROTOCOL APPROVAL

EM

STUDY OR DATE

--.Mom

RATO

D--@@CT

SP6NSOR!S REPRFSENtk-TfVE DAICE

PROTOCOL NO. 454/030999/QLCISUB454 3M LAB REQUEST NO. UA.
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OBJECTIVE

Theobjectiveofthisstudyistoevaluatethetoxicityofatestsubstancetothenorthernbobwhite

(Colinusvirginianus)administeredthroughthedietforfivedays.An LC50valuewillbecalculated,if

possible.-

SUAU"RY

Groups of tenbobwhite chicks,10-14 days old,willbe feddietscontainingthe.testsubstanceat

selectedconcentrationsforfivedays. A controlgroup thatremves untreateddietwillbe maintained

concurrently.The testsubstancewillbe mixed intothe diet usuallyin a geometricseriesof

concentrations.Ile exposureperiodwillbe fb.Uowedby a penod of atleastffim days on untreated

feed. At theend oftheth=-day observationperiod,halfofthebirdsineach treatrnentgroup willbe

cuthanizedand liverand blood collectedfor.residueanalysis.The rmnafiiingbirdswillbe maintained

on basaldietfbran additional14 days and thenwillbe euthanized,with liverand blood r-ouected.

Throughout thetest,thebirdswillbe observedfortoxicologicalresponses.When possible,an LC50

valuewillbe calculated.

MATERL4LS AND MIETHODS

'Me methods,speciesused and routeof administrationdescribedinthisprotocolare based upon

proceduresspecifiedintheU.S. EnvironmentalProtectionAgency Series950 - EcologicalEffectsTest

GuidelinesOPPTS Number 850.2200 (1); Section71-2 of the EnvirormentalProtectionAgency's

RegistrationGuidelines,PesticideAssessmentGuidelines,filFR4Sub&Wsion E, Hazard Evaluation:

Wildlifeandaquatic Organisnu (2),AS'IM StandardE857-87, "StandardPracticeFor Conducting

SubacuteDietary ToxicityTestsWith Avian Species"(3),and OECD Guideline205, AWan Dietary

TojdcityTest(4).Inordertocontrolbias,birdswillbe assignedto pens by indiscriminatedraw. No

otherpotentialsourc4rsof biasareexpectedtoaffectthe resultsofthestudy.

The testsubstancewillbe admh@sured inthe diet.This routeof administrationwas selected

because itrepresentsthemost likelyrouteof exposureto avianspeciesintheenvironment.

Test Substance

Informationon thecharacterizationof test,controlor refc=ce substancesisrequiredby Good

LaboratoryPracticeStandards(GLP). The Sponsor isresponsiblefbrprovidingWildlifeInternational

Ltd.writtenverificationthatthetestsubstancehas been chamcter@ accordmg to GLPs pnor to rts

PROTOCOL NO. 454/030999/QLCISUB454 3M LAB REQUEST NO. U2723
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use in the study. Ifwrittenverificationof GLP testsubstancecharacterizationisnot to-prQvided.-

WildlifeInternationalLtd.,itwillbe noted in the compliancestatementof the finalreport. 'Me

attachedform IDENTIFICATION OF TEST SUBSTANCE BY SPONSOR (Appmdix I)istobe

used to provideinformationnecessaryforGLP compliance.

The Sponsor isresponsibleforallinformationrelatedtothetestsubstanceand agreesto accept

any unused testsubstanceand/ortestsubstancecontainersrmnaini% attheend ofthe study.

Treatment gloups

Groups oftenbobwhite chicks(fiveperpen)willbe assignedby indiscriminatedraw to each of

thetreatmentand controlgroups. Ile sex of each individualwillnot be determined.A testwill

usuallyconsistof a geometricseriesof :fivedietaryconcent-Aons and at leastthreecontrolgroups.Test

concentrationswillbe selectedafterevaluatingtoxicitydataprovidedby the Sponsor. The highest

testconcentrationneed notexceed 5000 ppm. Each group isfedtheappropriatetestor controldietfor

fivedays. This willbe followedby a periodofatleastthreedays on untrated feed.

Controlbirdswillreceivean amount of the solventor vehicleintheirdietequivalentto the

highestamount 'inthetreateddiets.Ifmore gm one studyis conductedsimultaneouslyin the same

room, with thesame solventor vehicle,a concurrentcontrolmay be ufilizodforallstudies.

DurationofTest

The primary phases ofthetestand theirdurationsare:

1. Acclimation-From receiptor hatchof hatchhw untilthestartof exposure.

2. Exposure - Fivedays.

3. Post-Wosure observation- 3 days/I7 days.

Test B

The bobwhite representsan ecologicallysignificantand widelydistributedspeciesinflw United

States.Ile bobwhitehas dmnonstated sensitivityto theeffectsproduced by known toxicchemicals.

Moreover, tlusspecieshas proven to be a good laboratorymodel and a largeamount of baselinedata

areavailable.

PROTOCOL NO. 454/030999/QLCISUB454 3M LAB REQUEST NO. U2723
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All.bobwhitewillbe.fromthesamehatchandwillbe10-14daysoldattestinitiation.Only.

thosethatareapparentlyhealthywillbe usedinthetest.Body weightsmay varybetween 10 and 50

grams dependingm theageofthecohortofbirdsused (e.g.10 versus14 days).At leastfivetestand

ffim controlgroupswillbeused.Each treatmentorcontrolgroupwillcontaintenbirds(twopensof

fivebirdseach)vatheachgroup ofbirdsidentifiedby pennumber and testconcentration.Individual

birdswillbe identifiedby coloredlegbands. Birdswillbe obtainedfrom Top FlightQuailFarm,

Belvidere,NJ 07823,from anotherreputablesupplieror obtainedfromfficWildlifeInternationalLtd.

productionflock.AU experin=talbirdswillbeacclimatedtothecagn andhxftes fromthetimeof

hatchorreceiptuntilinitiationofthetest.

AnfinalDi

AR tea birdswillbe fed a game birdrationfbrmulatedto WildlifeInternationalLtd.

specifications(Table1).From thetimeofhatchor receiptofthechicksuntiltheinitiationofthetes@

thebirdswillreceivea watersolublevitaminmix viatheirwater.Feedand waterwillbe providedad

libitumduringacclimationandduringthetest.The watersourcewillbetheTown of Eastonmunicipal

watersupply.FeedisanalyzedperiodicallyinaccordancewithW"zldldeInternationalLtd.Standard

OperatingProcedures.Ile birdswillreceiveno formofantibioticmedicationduringthetest.

Specificationsforacceptablelevelsof contaminantsingame birdrationforavianspecieshave

notbeenestablished.Ibm-eareno levelsofcontaminantsreasonablyexpectedtobe presentinthediet

thatareconsideredtointerferewiththepurposeorconductofthestudy.

DietP=arati

Testdietswillbe preparedatthestartofthetestand a sufficientportionestknatedforthe5-day

exposureperiodwillbe presentedtothebirds.Afterfivedaysofexposure,allbirdswillreceive

unbraw basalration.

The testsubstancevnU be mixeddirectlyintothemtionorby dissolvingor ovendmg thetest

substanceinacetoneand/ortablegradecom oilpriortomixingwiththefeed.Ifused,acetonewillbe

allowedtovolifilizefromthedietsduringthemixingprocedure.Tablegradecom oilwillnormallybe

incorporatedintothechetata maximum of2% (w/w)ofthefinaldiet.Mixingisnormallydonewitha

Hobartmixrr(ModelNumber AS200'1).

PROTOCOL NO. 454/030999/QLC/SUB454 3M LAB REQUEST NO. U2723
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AR testsubstancecalculationswillbe basedon thepurityofthetestsubstance-as-receivedor

correctedto 100% activeingredientbased on theinformationprovidedby the Sponsor inAppendix I of

thisprotocol.

DietSMRIin

Samples of the experimentaldietswillbe collectedfor chemicalanalysisto determinethe

homogeneity and stabilityof the testsubstancein the avian chetand to venfy/measuretest

concentrations.All sampleswillbe placedinuniquelyidentifiedpolypropylenejars.

Samples willbe collectedon Day 0, atdietpreparation,to determinehomogeneity, measure test

concentrations,and establishDay 0 valuesforevaluatingstabilityover the course of the exposure

period. On Day 5, at the end of the exposurephase,samples willbe collectedfrom the feeders

containingthe experimentaldietstoassessstabilityof thetestsubstanceunder testconditions.Ifa

separatestudy isconductedwith a differentspecies(e.g.,mallard),atthe same testconcentrations,

dietsthatare preparedmay be dividedbetween thetwo studies.Therefore,samples collectedfor

homogeneity and verificationwillbe common toboth studies.However, samples collectedfrom the

feedersin the studyroom (e.g.Day 5 samples)willbe uniqueto thatrespectivestudy. The diet

samplingscheme forstudieswith fivetestconcentrationsissununmized below. The sampling scheme

may be adjustedbased on theactualnumber of concentrationstested(seePage.2) or the optionof-the

Sponsor.

PROPOSED NUMBERS OF SANHIIIES

ExpeximentalGroup Day 0 Day 5

Control 1 1

Level1 -Low Concentration 61 2

Level2 2 2

Level3 2 2

Level4 2 2

Level5 -High Concentration 61 2

19 11

TotalNumber ofSamples 30

'Samplescollectedfrom theleftand rightsidesofthetop,middle and
bottom Lvm offeedinthemixing vesseltodeterminehomogeneity.

PROTOCOL NO. 454/030999/QLC/SUB454 3M LAB REQUEST NO. U2723
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The above numbers ofsamplesrepresentthosecollectedfromthetestand do notincludequality

control(QC) samplessuch as matrixblanksand fbrtificationspreparedand analyzedduringthe

analyticalchemistryphaseofthestudy.

DietAnal3Lses

Samplesof theexperimentaldietsmay be analyzedfollowingcollectionor storedina freezer

untilpreparedand/orextractedforanalysis.Chemicalanalysesofchetswillbe performedby Wildlife

InternationalLtd. Ile analyticalmethod usedwillbe basedupon methodologyprovidedby the

Sponsorand identifiedinAppendixR. The methodologyusedto analyzethetestsampleswillbe

documentedintheraw dataandsummarizedinthefinalreport.Maximum sampleholdingtimes,prior

to analysis,may be specifiedby theSponsor,and ifspecified,willbe addedto thisprotocolby

amendment.

Housing andEnvironmentalConditions

Testbirdswillbe housed inthermostaticallycontrolledbroodingpens manufacturedby the

Beacon SteelCompany (ModelB735Q) or equivalent.Eachpen measuresapproximately72 X 90 X

23 cm high.The extemal'wausandceilingsofeachpen areconstructedofwiremesh and galvanized

sheeting.Floorsareofwiremesh. Upon mrtiationofthetrA eachbroodingpenwillcontainfive

birds.Two broodingpenswillbeassignedtoeacht==ent group(10birdstotal),whileatleastsix

iedby penpenswillbe assignedtothecontrol(atleast30 birdstotal).Each groupwillbe identif

number. Duringthetest,thetemperatureinthebroodingcompartn=t of'thepen willbe maintainedat

approximately38'C. Acceptablerangesforbroodingcompartmenttemperatureswillbe specifiedin

WildlifeInternationalLtd.StandardOpemtng Procedures.Broodmg compartmenttemperatureswill

be recordedonceeachdayduringthetest.The ambientroom ternperammwillrangebetweenappmxi-

mately15-300C.Room temperatureandrelativehumiditywillbe recordedtwicedailyduringthetest.

A 16hoursfight/8hoursdarkphotoperiodwillbe maintained,andtheaveragelightintensityprovided

tothebirdsduringthetestwillbe ddennined.

Housing and husbandrypracticeswillbe conductedsoastoadheretotheguidelinesestablished

by NationalResearchCouncil(5).

PROTOCOL NO. 454/030999/QLC/SUB454 3M LAB REQUEST NO. U2723
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Observations

All birdswillbe observedatleastonce dailyformortalityand toxicologicalresponses.

Nee=

Alltestbirdsthattheduringthecourseofthetestand allbirdscuffianizedwillbe subjectedto a

grossnecropsy. For thosebirdseuflmnizedon Days 8 and 22 of thetes@liversand - 2 mL of blood

willbe collected.Liverswillbe weighed,placedinindividuallabelledcontain rersand stc)ed frozen.

Blood willbe placedin labelledhepafinizedva@uwners and placedunder refrigeration.All samples

willbe b-amferredtothe Sponsor forresidueanalysis.

DigRositionofTest Birds

At testtermination,testbirdswillbe cuthanizedby using carbon dioxidegas, cervical

dislocationor otherappropriatemethods. The method used willbe documented in theraw data. AU

carcasseswillbe storedfrozenpriorto shipmenttotheSponsor.

StatisticalCalculations

The concentrationresponsedataobtainedfrom thetestwillbe evaluatedand, ifpossible,an

LC50 value and 95% confidencelimitswillbe calculated.When the mortalitydata facilitates

statisticalanalyses,one of6= methods willbe used to calculatean LC50 value. The datawillbe

analyzed,in orderofpreference,by probftanalysis,themoving averagemethod, or thebinomialproba-

bilitymethod (6,7, 8,9). The choiceofmethod forcalculatingtheLC50 valuewillbe based upon the

mortalitypatternobserved.When possible,a no mortalitylevelwillbe determinedand reported.

RECORDS TO BE MAINTAINED

Records to be mamtmned fordata generatedatWil&fe bitamtional Ltd.willinclude,but not

be limitedto:

1. A copy ofthe signedpmtocol..

2. Identificationand characterizationofthetestsubstance,ifprovidedby theSponsor.

3. Datesofinitiationand tm@on ofthetest.

4. Animal history.

5. Husbandry and environmentalconditions.

6. Concentrationcalculationsand recordsof dietpreparation.
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7. Body weight measurements.

8. Feed consumption measurements.

9. Daily observations.

10. Statisticalcalculations.

11. Analyticalchemistrymethods,resultsand chromatograms, ifapplicable.

12. A copy ofthefinalreport.

FINAL REPORT

A reportofthe resultsof the studywillbe preparedby WildlifeInternational,Ltd. 'ne report

willinclude,butnotbe limitedto,thefollowing:

I. Name and addressofthefdcilityperfoiuiingthestudy.

2. Dates on which thestudywas initiatedand completed. itistheresponsibilityof the Sponsor to

providethe ffiw date thatdata are recordedfor 6wastry, pathologyand/or supporting

evaluationsthatmay be generatedatotherlaboratories.

3. A statementof compliancesignedby the Study Directoraddressingany exceptionsto Good

LaboratoryPracticeStandards.

4. Objectivesand proceduresstatedinthe approved protocolincludingany'changesintheoriginal

protocol.

5- Statisticalmethods employed foranalyzingthe data,when applicable.The calculatedLC50

value,95 percentconfidencelimits,slopeof the concent-dfion-responsecurve,the resultsof the

goodness-of-fittest(e.g.X2 test),and a descriptionof statisticalmethods used. The same

statisticswiU be providedforpositivecontrols(when used).

60 The test,controland referencesubstancesidentifiedby name, chemical abstractsnumber or

code number, strength,purity,and compositionor otherappropriatecharacteristics,ifprovided

by theSponsor,

7. Stabilityand, when relevanttothe conductof thestudy,thesolubilityofthetest,controland

referencesubstancesunder theconditionsof admwstrafion, ifprovidedby theSponsor.

8. A descriptionof the testsystem used. where applicable,the finalreportshallincludethe

number of animal used,body weight range,sourceof supply,species(includingscientific

name), age,and procedureused foridentification.
owl 9. A descriptionofthe dosage,dosage regimen,routeof administration,and duration.

P.7,: 10. A descriptionofthemethods used,includingbut notlimitedto:

PROTOCOL NO. 454/030999/QLC/SUB454 3M LAB REQUEST NO. U2723
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a) Detaileddescriptionof the basal dic@,includingsource,diluents(ifused), and

supplements(ifused).A nutrientanalysisofthedietwillbe includedinthetestrepor
.
t.

b). Tllenumber of concentrationsused, nominal and (where reqwred) measured d@dary
cOnce4trationof testsubstancein each leve4 assay method used to daennine actual

concentrations,number ofbirdsPer concentrationand forcontrol,and names of toxicants
usedforpositivecontrols(ifapplicable).Resultsofrange-findingtest(ifconducted).

c) Acclimationproceduresand methods ofassigningbirdstotestpens.

d) Frequency@durationand methods of observation.Descriptionof signsof intoxicationand
otherabnormal behavior,mcluchng time of onse@ duration,seventy(includingdeath),
and numbers affectedinthedfferentdietaryconcentrationsand controlseach day of the
testperiod.

e) Descriptionof housing conditions,includingtype, sizeand materialof pen, pen
tmnpemftm, approxinatetestmom humidity,pbotoperiodand lightingintensity.

f) Average body weightsforbirdsin each pen at thebeginningof thetest,the end of the
exposure periodand end ofthe test.

g) Estimatedfood consumptionfortheexposure periodand forthepostexposurepcrlod.

11. A descriptionofallcircumstancesthatmay have affectedthequal4 or integrityof thedata.

Anything unusual aboutthetest,any deviaton fi-ornflme procedures,and any otherrelevant

information.

12. The name ofthe Study Director,the names of otherscientistsorprofessionals,and the names of

allsupervisorypersonnel,involvedinthe study.

13. A descriptionof the t-dmfommfions,calculations,or operationsperformed on the data,a

summary and analysisofthedata,and a statementof theconclusionsdrawn from the analysis.

14. The sigaedand datedreportsof each of the individualscientistsor otherprofessionalsinvolved

inthe study,ifapplicable.

15. ne locationwhere allspecimens,raw data,and the finalreportareto be stored.

16. A statementpreparedby the QualityAssurance Unit listingthe datesthatstudyinspectionsand

auditswere made and thedatesof any findingsreportedto theStudy Directorand Management.

17. Ifitisnecessaryto make correctionsor additionsto a finalreportafterithas been accepted,

such changes shallbe intheform of amendment by theStudy Director.Ilieamendment should

clearlyidentifythepartofthefinalreportfliatisbeingadded toor com=ed and thereasonsfor

the,rontzbon or addrtim.Amendments shallbe signedand datedby the Study Director.

PROTOCOL NO. 454/030999/QLC/SUB454 3M LAB REQUEST NO. U2723
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CHANGING OF PROTOCOL

Planned changes totheprotocolwillbe intheform of writtenamendments signedby the Study

Directorand the Sponsoes Representative.Amendments willbe consideredas partofthe protocoland

14.
. willbe attachedto thefinalprotocol.Any otherchangeswillbe in theform of writtendmations

signedby theStudy Directorand filedwiththeraw data. Allchangesto theprotocolwillbe indicated

inthefinalreport.

GOOD LABORATORY PRACTICES

This studywillbe conducted.in accordancewith Good LaboratoryPracticeStandardsfor EPA

(40 CFR Part 160 and/orPart792);OECD PrinciplesofCmod LaboratoryPractice.(OCDE/GD (92)

32, EnvirorunentMonograph No. 45); and Japan MAFF (59 NohSan, NotificationNo. 3850,

AgriculturalProductionBureau). Each studyconductedby WildlifeInternationalLtd. isroutinely

mmninw by the WildlifeInternationalLtd. QualityAssurance Unit fbr compliancewith Good

LaboratoryPractices,Standard OperatingProceduresand the specifiedproU=I. A statementof

compliancewith Good LaboratoryPracticeswillbe preparedforallportionsofthestudyconductedby

WildlifeInternationalLtd. The Sponsor willbe responsibleforcompliancewith Good Laboratory

Practicesforproceduresperformed by otherlaboratories(e.g.,residueanalysesor pathology).Raw

dataforallwork Performed atWildlifeInternationalLtd.and a copy of thefinalreportwillbe filedby

projectnumber inarcluveslocatedon theWildlifeInternationalLtd.siteor atan alternativelocationto

be specifiedinthefinalreport.

PROTOCOL NO. 454/030999/QLC/SUB454 3M LAB REQUEST NO. U2723



WILDLIFE INTERNATIONAL LTD

-12-

'REFERENCES

I U.S. EnvironmentalProtectionAgency. 1996. Series850- F=Iogical EffectsTest

14 Guidelines (draft), OPPTS Number 8.50.2200: AWan Dietary Toxicity Test.

2 U.S. Environmental Protection Agency. 1982. Pesticide Assessment Guidelines, FIFRA
Subdivision E, Hazard Evaluation: Wildlife and Aquatic Organisms, subsection 71-2,
EnvironmentalProtectionAgency, Officeof PesticidePrograms. Washington, D.C.

3 American Societyfor Testing and Materials. 1987. StandardPracticefor Conducting
SubacuteDietaryToxicityTestswithAvian Species.ASTM StandardE857-87. Annual Book
of ASTM Standards,Vol. 11.04. Philadelphia,PA.

4 Organization for Economic Cooperation and Development 1984. Awan Dietary Toxicity
Test.OECD GuidelineforTestingof Chemicals. Guideline205. Paris.

5 National Research Council. 1996. Guide for the Care and Use of Laboratory Animals.
Washington, DC. NationalAcademy Press.125 pp.

6 FinneyD.J. 1971. StatisticalMethods inBiologicalAssay, 2nd ed.,GriffinPress,London.

7 Thompson,W.P.. 1947. BacteriologicalReWews,7 Vol 2,No. 2: 115-145.

8 Stephan, C E. 1977. Methods for Calculating an LC50. Pages 65-84 In Aquatic Toxicology
and Hazard Evaluatiom, American Society for Testing and Materials. Pub. No. STP 634.
Philadelphia,PA.

9 Stephan,C. E. 1978. U.S. EPA, EnvironmentalResearchLaboratory,Duluth,MN. Personal
Communication.

PROTOCOL NO. 454/030999/QLC/SUB454 3M LAB REQUEST NO. U2723



WILDLIFE INTERNATIONAL LTD

-13-

TABLE 1: DMT FORMULANON
WILDLIFE PQTERNATIONAL, *LTD.GAME BIRD RAnoN'

INGREDIENTS PERCENT (0/.)

FineCom Meal 44.83
Soy Bean MeaL 48% Protein 30.65
Wheat Mdds 6.50
ProteinBase 6.00
Agway Sp=aL 600/oProtein 4.00
AlfalfaMeaL 20% Protein -3.00
Dried-Whey 2.50
Ground Limestone 0.90
Eastman CalPhos 0.60
MethioninePremix+ Liquid 0.35
Vitaminand MineralPremix (seebelow) 0.32GL FerM (FM=tCO)2

0.25
SaltIodized -0.10
Total 100.00

VITANEN AND NGNERAL PRENFIX AMOLTNT ADDED PER TON

ViLu3inD3 2,000,000I.C.U.
VitaminA 7,000,000l.U
Riboflavin 6 grams
Niacin 40 grams
PantothenicAcid 10 gram
ViLvninB)2 8 mgs
FolicAcid 600 mgs
Biotin 64 mgs
Pyridoxine 1.2grams
Thiamine 1.2grams
VitaminE 20,000LU
ViLwninK (MenadioneDimethyl"rimidinolBimffite) 5.8grams
Manganese 102 grams
E= 47 grams
Copper 6.8grams
Iodine 1.5gmms
iron 51 grams
Selenium 182 mgs

The guaranteedanalysisisa minimum of 27% pmtein,a minimum of 2.5% crudefatand a maximum of
5% crudefibu.

2 FerMCM=on By_ftdl= (SourceofUMdentLfiedGMWAL Factors).
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APPENDIXI

IDEq-MCAnON OF TEST SUBSTANCE BY SPONSOR

To beCmVlded bySpmsor

1. TestSubstanceIdentity'(narnetobe usedinthereport):PFOS (PerfluoroortaneSulfonicAcid PotassiumSalt

ReferenceStandard(ifapplicable):AnalyticalStandard- N/A

IntemalStandarcL-1.1.2.2Rl-LI-LHPerfluorooctaneSulfonicAcid

TestSubstanceSample Code orBatchNumber Lot217

TestSubstancePurity(0/oActiveIngedient): 98.9 ExpirationDate: 2008

IL TestSubstar=

Have thek gity andcmvos*d*LMor otherdwad=Lqtics
YA@cha =dvmdrw te@subs== andrcfin= smodardbem.pprop. y
dewuni6idpnortDitsusem ft sft*inaccordancewithGLP Sumdar&? Yes x No

M TestSubs=m Swmge Cmditions

Pkm mdlcatr.therecmm=ded storagr,cmddionsatVadbk hhm&ong lAi

Ambicat

Hasthestabflityofthetd substa= underth= wrage conditiom
bem detmminedinaccmdar= withGLP Sumdards? -Yes x No

003erpmfinentstab&yin@@-

IV. TestConcent-atim: Ad-usj ttestOMOMbafiOn to IOOP/-ai
x baiedupm thepmty (0/o)grm above.

Do notad4t = cmcmfta6m to1000/o
.a.LTestft nia=W AS IS.

V. TcDdcityh*nration.

MmmoliarL RAII.DSO 251ffmft MmmLD50 N/A

Aquafic: kvmtebratcToxicityMC4,C50) FishTwdcity0,C50)

DgpMA ma=a: 27ma RainbpwTrout:IImpJL

DagMa magna: 50mg! FatheadNlmow 38nwJL

Od= Tmcrtylnffinnatim(mckxhpgfMm ofchmme andsubcbm= t:su):

PleaseseeMSDS

PROTOCOL NO. 454/030999/QLC/SUB454 3M LAB REQUEST NO. U2723



KR
WILDLIFE INTERNATIC)NAL LTD

-15-

-APPENDIX H

MR Method OutlinefortheDeiemiinationofPFOS inAvian Feed

91 1 Preparematrixfortificationsamplesinthedesiredavianfeedstock usingthedrymix technique.

2. Weigh 10 g samplesofthematrixblankandmatrixfortif:ic-ationfeedsamplesintoa weigh boatand transfer
99 to 16 oz.Frenchsquareglassbottles.Recordweights.

3.. For eachweighed sample,measure 100 mLs of methanolwitha graduatedcylinderand transfermto the
Frenchsquarebattle.

4. Sealbottleswithscrewcapsandplaceon shakertable.AUow.to shakeforaminimum of 30 minutes.

5. Vacuum filterwithqualitativefilterpaperand nnseretainedfeed3 timeswithmethanolintofiltrate.

6. Transferfilt-ateintoa 200-mL volumetricflaskand bringtovolumewithmethanol.

7. Transfer5 mLs of200-mL solutionintoa 10-mL volmnetricflaskpartially-fihedwith501/omeO=ol:50%
waterdilutionsolventcontaining0.05% v/vformicacidand 100 gg a.iJmL 4BPFOS internalstandard.
Bringtovolume withdilutionsolvent.

S. Mix andt=fer approximatelyI mL ofthe10-mL solutionintoa syringeandfilterthrougha 0.2gm filter
intoan EPLC autosamplervial.

9. Ampulate andsubmitsampleforLCMS analysis.
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