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SUMMARY

Ey SMCorporation

‘SPONSOR'S REPRESENTATIVE: Ms. Susan A. Beach

LOCATIONOFSTUDY,RAW
DATAAND ACOPYOFTHE ‘WildifeInternationalLtd
FINALREPORT: Easton, Maryland 21601 .

WILDLIFE INTERNATIONAL
LTD, PROJECTNUMBER: 454C-105

TEST SUBSTANCE: PFOS (Perfluorooctans Sulfoic Acid, Potassium Selt)

stub: Determinationofthe VaporPressure of PROSUsingthe.
SpinningRotorGaugeMethod

TESTDATES: Experimental Start-January27, 1999
Experimental Termination- February 12, 1999

SUMMARY: “Thevaporpressure ofPFOSwasdeterminedtobe 3.31 x 10° Paat20°Cusingthe
spinningrotorgauge method.
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INTRODUCTION

“Thisstudywasconductedby WildlifeInternationalLtd.for 3M CorporationattheWildlifeInternational

Ltd.analyticalchemistry facilityinEaston,Maryland. Testswereperformedusingthespinningrotor gauge
‘method.Thevapor pressureofth tetsubstancewasanalyzedfrom January27to February12,1999.Rawdata
‘generatedbyWillifeInterational Lid.and acopyofthe final eport arefiledunder ProjectNumber454C-105

inarchiveslocatedontheWildlifeInternationalLtd. ite.

OBJECTIVE

“The objectiveofthsstudy was todetermine the vaporpressureofPFOSat 20°C usingth spinningrotor

gaugemethod.

EXPERIMENTAL DESIGN

‘Thespinning rotor gauge (SRG)systemwasusedtodeterminevaporprossuro. The SRGmeasuredthe:

rotationalfrequencyof astainlesssteelballthatwasmagnetically suspendedwithin #vacuumchamber. The

deceleration rate ofthebal wasused to determinethe gaspressure. Thesystem wasconfiguredwithtwosample

chambers. Oneofthe samplechamberscontained asampleof th testsubstance,while theotherremainedeupty

tomakecontrolmeasurements. Thesystem steady-statepressureandpressureincreaseof th testsubstanceand
controlsamplesweremeasuredthreetimes.

MATERIALSANDMETHODS

“Thisstudywasconductedbasedon proceduresoutlinedin OECD Guidelines, Method104(1);and EPA
OPPTS 830.7950(2). The spinning rotor gengemethod wasusedtodeterminethe vaporpressureof thetest
substance.

Test Substance

“Thetest substancewasreceivedfrom 3M Corporation on October29,1998, and wasassigned Wildiife
IntemationalLtd. identification numbes4675uponreceipt.Thetes substance, awhite powder,was identified
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as: FC-95, Lot 217, 3M ID#: 98-0211-3916-1. Based on information supplied by the Sponsor, the test

‘substancehad apurityof98.9%and an averagemolecularweightof538AMU.Thetest substancewas stored

underambientconditions.

ReferenceSubstances
Thehexachlorobenzenereferencesubstancewasreceived fromAldrichChemicalCompany on

February 10,1997,andwas assigned WildlifeInternationalLid. identificationnumber 3948 upon receipt. The

referencesubstance, awhitepowder,wasidentified as: Hexachlorobenzene;catalog no. 17105-0,CASNumber

118-74-1. The reference substance had areported purity of 99%, andwas stored under ambient conditions.

The DDTreference substance wasreceivedfromAldrichChemical CompanyonJanuary 20, 1999, and

‘wasassigned WildlifeIntemationalLtd.identification number 4749 uponreceipt. The reference substance, a

‘whitepowder,was identified as: 1,1-bis(p-Chlorophenyl)-2,2,2-Trichlaroethane;lotnumber77H3614; catalog

10. C8894, CAS Number 50-20-3, The reference substancehadareported purity of 99.3%, and wasstoredin

arefrigerator.

‘Apparatus Configuration .
“The high vacuumsystemconsistedof 8 vacuumpump(LeyboldTRIVAC § 1,6 B), aturbomolecularpump

(LeyboldTURBOVAC 50), an iongauge and controller (Metra 731Digitallon Gauge Controller), aspinning

rotorgauge(LeyboldVISCOVACVM212), asampleintroductionsystem,and variousstainless-steelcon-flat

fittings,including threevalves.Thecon-flatfittingswereassembledusing coppergaskets. Thevalveswereused.

toisolatethesample chambers,thespinningrotorgaugeand/orthe vacuumpumps.Thespinningrotor gauge.

controllerwasconnectedto acomputerviatheserialinterface(RS-232port). Adiagramoftheapparatus

‘configurationispresented inFigure 1.

‘The sampleintroductionsystem wascustomdesignedandmanufactured by At-Mar Glass Co.(Kennett

‘Square, PA).The system consisted of two high vacuumglass sample tubes. During thestudy, onetube contained

‘a sample ofthe testorreference substance whiletheother tube remained empty (control). The temperatureof

thesamplesweremaintainedbyimmersingthe sampletubesin a waterbath.Thetemperatureofthe aterbath

‘was periodicallymonitoredusinganASTM 44Cmercurythermometer.‘Thetubeswere independentlyvented

andconnected 1the vacuumsystemusingthreegroundglassstopeocks. Aglasstometal transitionflange
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‘connectedthesampleintroductionsystem tothe vacuum system. A diagramofthe sampleintroductionsystem

ispresentedinFigure 2.

Asteelballwasinsertedintothespinningrotor gaugetubebeforethe tube wasconnected tothehigh

‘vacuumsystem. “Thecon-flatfittingsand valvesofthe highvacuumsystemwerewrappedinheattape. The

‘temperatureoftheheattapewascontrolledusing arheostat.‘Thesurfacetemperature ofthevacuumsystemwas

‘periodicallymonitoredusinganOmegaModelHH23digitalthermometer (OmegaEngineering, Inc.,Stamford,

CT)with a thermocouple placed between the heattape and the outer surface ofthefittings.‘Theairtemperature

alsowasperiodicallymonitoredusingthedigitalthermometer.

‘Procedures

Thehighvacuum system was heatedto approximately 80°Cand evacuatedforat least 18hourspriorto

‘makinganymeasurements. Afterheating,thesystem was allowedtocooluntil reachingroom temperature. The

steelballinsidethespinning rotor gaugetubewassuspendedin amagneticfieldanddriven to a rotational

frequencyofapproximately415Hz.Thedeceleration rateoftheballwasmonitoredusingthespinningrotor

gauge. Theparameters of thespinningrotorgaugeweresettorecord a decelerationmeasurement every

30secondsbasedonthemolecularweight(28.96g/mole)andviscosity (18.2 x 10°Pass) of air. “Theoffsetvalue

wasdetermined fo each sample tubewhe the decelerationraereached aplateau.Theoffsetvalue(mean

‘decelerationrate)was enteredintothespinningrotorgaugecontroller.

Asampleofhexachlorobenzenewasplacedinoneofthe samplechambers,whiletheotherchamber

remainedempty(control). Theparametersofthespinningrotorgaugewerechangedto recordpressure,inPascal

(Pa),every30seconds.Thissettingwasusedforallsubsequentmeasurements.‘Themolecularweightparameter

‘wasset to 284.78andviscositywassettozero.Thesamplechamberwas evacuated toachicve aseady-state

pressure. Temperatureswereperiodicallyrecorded.Afterthesystemreachedtemperatureandpressure

‘equilibrium,thesteady-statepressureofthesample wasmeasuredwiththespinningrotorgauge.Thevalves to

the vacuum pumps werethen closed,andthe pressureincreasewasmonitoredforat leasttwohours.

A sample of DDTwasplaced inoneofthe samplechambers,whiletheotherchamberremainedempty

(control).Themolecularweightparameter wassetto 354.5andviscositywas set 02¢f0. “Thesamplechamber

was evacuated to achieveasteady-statepressure. Temperatureswereperiodicallyrecorded. Afterthe system
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reachedtemperatureandpressureequilibrium,thesteady-statepressureofthesamplewasmeasuredwiththe

‘spinningrotorgauge. Thevalvestothe vacuumpumpswerethen closed,andthepressureincrease was.

‘monitoredforatleasttwohours.

Asmallsampleofthetestsubstance wasplacedinone ofthesamplechambers,whiletheotherchamber

‘remainedempty (control). The molecular weight parameterwas setto 538, andviscosity was.set to zero.The

samplechamberwasopenedtothevacuumsystemandpumped-down £0 asteady-statepressure. Temperatures

wereperiodicallyrecorded. Afterthesystemreached temperatureandpressureequilibrium,thesteady-state:

pressureofthe samplewasmeasuredwiththespinningrotorgauge.The valvestothevacuum pumps eethea

closed, andthepressure increasewas monitored for at leastatleast twohours. Measurementsthenalternated

‘betweenthe PFOSsampleandthecontrolsample (emptysample chamber)for totalofthreedeteaninationsof

each.

Calelations
‘Thesteady-statepressuresweredeterminedbyaveragingthepressurevaluesrecordedprior toclosingthe

‘valvestothe vacuumpumpsduringeachmeasurement.‘Standard deviationsand95%confidenceintervalswere.

also calculated.

Thepressureincreasedatawereanalyzedusing least squares-it linea regressionanalysis.A linewas it

totheportionofthedata thatwasdetermined tohaveachievedequilibriumpressurewiththe sample.“Theslope

‘andinterceptwerecalculatedforcachmeasurement.Correlation coefficients and 95%confidenceintervals for

each parameterwere alsocalculated.‘Theout-gassingratewasdeterminedfromtheslopeofthelineandthe

‘vapor pressurewas determined fromthe interceptvalue.

‘Themeansand standard deviations of the replicatemeasurements of the control and PFOS sample were:

also calculated.
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RESULTSANDDISCUSSION

Agraphical presentation ofthe offset measurementisshownin Figure3. “Thegraphsshowdatacollected

for approximately 2 hours fromeach sample tube.“Themeanoffsetvaluewasbasedontheaveragedeceleration

ratemeasuredfromleft(7.877x 10% 5)andright(6.838 x10* 5) samplechambersonJanuary 6, 1999. The

offset valuewesdeterminedtobe 7.357 x 10%s™.

Thesteady-statepressureandpressureincrease ofhexchlorobenzeneweredeterminedon January14,1999,

andarepresentedinFigure4.Thesteady-statepressurewas 1.24 x10°Paandthevaporpressurewas

determinedtobe8.30x10 Pa.The vaporpressurewasconsistentwiththerange foundintheliterature(2).

Thesteady-statepressureand pressureincrease of DDTweredeterminedonJanuary22, 1999,andare.

presentedinFigure5.The steady.-statepressurewas 4 81 x 10°Paand the vaporpressure wasdeterminedto

‘be1.76x10*Pa.Thevaporpressure wasconsistentwiththerange foundin theliterature(3).

‘Thesteady-statepressureandpressureincreaseofPFOSweredeterminedon February3, 5and12, 1999.

Themeansteady-statepressurewas4.51 x 10°Pa (Teble 1). For cachassociated pressure increase.

‘measurement,theslope ofthepressureincreasedatabecameconstantafterapproximatelyninetyminutes. This

indicatedthesystemhad achieved saturationofthegasfromthe PFOSsample. Alinewasfit tothisregionof

thedats, and theslopeandinterceptweredetermined. Theinterceptvalues representedthevapor pressureofthe:

‘sample. Themean vaporpressureofPFOS was 3.31 x10 Pa(Table2). Arepresentativegraphicalpreseatation

‘ofthedatais showninFigure6.

Thesteady-statepressureandpressureincreaseofthecontrol sampleweredeterminedon February2, 4,

and8, 1999.Themeanbaselinepressurewas -1.22 x 10°Pa(Table 3). For cachmeasurement,the slopeofthe

equilibrium. Alinewas fittothisregionofthedata,andthe slopeand interceptweredetermined.Theslope

values represeatedtheoutgassingrateofthesystem.Themeanout-gassingratewes4.78 x 10% Pasco.

(Table 4). The interceptvaluesrepresentedthebackground pressureofthesystem. Themeanbackground

pressurewas1.51x10°Pa.Thebackground pressurewasconsideredinsignificantcomparedtothevapor
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‘pressureof PFOSandwasnotsubtractedfrom those.values. Arepresentativegraphicalpresentationofthedata.

isshowninFigure7.

Occasionally during thestudy, leak developedatoneofthegroundglassjoint ofthesampleintroduction

system.Thiswascorrectedbyadjustingthestopeocksand/orrepositioningthesampletubes. Thespinning rotor

‘gaugedisplayedcither“MTIME TOOLONG"ox“BADSIGNAL messagesduringthestudy,butwesrestarted

‘withoutanydifficultieseachtime.

‘Themeantemperatureof thewaterbath,duringmeasurementsofthePFOSsample,was20.1°Cand

‘rangedfrom 19.50t0 20.50°C.. Theairtemperaturerangedfrom19.0 to 22.3°C,andthesurface temperature

ofthe vacuum system rangedfrom 19.510 22.9°C.

‘CONCLUSION

‘Basedontheresults fromthree setsofmeasurementscollectedfromthespinningrotorgauge, the vapor

pressureof PFOSwasdeterminedto be3.31 x 10 Paat 20°C.
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Table 1

Steady-State PressureofPFOS Sample

_—
Steady-State 55%
Pressure Standard Confidence:

“Trial Number Date (Pascal) Deviation Interval

1 2399 71440 E-6 S8716B7 | 61426E3
2 2/5/99 56664 E-6 48038 E7 61158 E-3
3 2012/99 729687 52793 E7 260657 E-3

Mem=  45BES
sabe aa®E6
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Table2

‘Pressure IncreaseofPFOSSample

—_————
“Trial Siope 95%Confidence Interoept 95%Confidence Correlation
Number (Pulses) Interval (Pascal) Interval Coefficient

ee ree
1 3S6ET 3SMS03GMMET  I2M6E4  LI6ISWLIITE4 099904
2 2369ET 23607102378SET  AGO0E4  4SI0704702E4 | 099875
3 LI90ET  LI4901I92ET  2042E4  2010020715E4 099978

_—
Meas 2386E7 3311E4
SWDev.  1198E7 1282E4
--—
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Table 3

Steady-State PressureofCoatrol Sample

_— Baseline
Pressure Standard 95% Confidence

“Trial Number Date (pascal) Deviation Interval
oo TralNumber Dw

1 22199 345296 522867 +73013E48
2 2499 3S13E7 40315E7 £41621 E48
3 2899 5.29577 18258 E-7 £22633 E8

Mem=  -1222E6
SWDev.=  L9TTE6

-_
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Tabled

PressureIncreaseofControl Sample:

_—
Trial Slope 95%Confidence Intercept 95%Confidence Comelation

Number (Pulsec) Interval (Pascal) Interval Coefficient

1 52256E8 5217105234ES 1963SE-S 1917102010E5 099590
2 SI886ES  518615191E8 L719ES 1762017%8ES* 099998
3 3937TES  3936103919E8  T8ISES IIB0TINES 0.99999

—_—
Mews 4740ES 15107E-5
SdDev.  07331ES 06319ES
_a
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1. vacuum pump 5. trbomlecular pump
2. turbopump contraller 7. lon gauge tube
3. sample Intro. system 8. fon gauge controller
4. constant temp. water bath 9. spinning rotor gauge controller 3
5. spinning rotor gauge head 10. personal computer

Figure 1. Diagramofhigh vacuum system configuration.
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3glass to metal transition

3 —, ground-glass stopeacks

5 sample tubes

——— waterbath

=

Figure 2. Diagramof sampleintroductionsystem.
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Offset Measurements
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Figure3. Graphicalpresentationofoffsetmeasurement.
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Steady-State Pressure and Pressure Increase
of Hexachlorobenzene Sample
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Figure 4, Steady-state pressure and pressure increaseofHesachlorobeazzae snp.
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Steady-State Pressure and Pressure Increase
ofDDT Sample
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Figure S. Steady-statepressureandpressureincrease ofDDT sample.
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Steady-State Pressure and Pressure Increase

ofPROS Sample
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Figure6. Steady-statepressure andpressureincreaseofPFOSsample.
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Steady-StatePressure and Pressure Increase
of Control Sample
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Figure7. Steady-statepressure andpressureincreaseofControlsample.
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APPENDIX

Personnel Involved in the Study

‘Thefollowingkey Wildiife IntemationalLid.personnelwereinvolvedintheconductofmanagement of
this study:

1. Willard B. Nixon, Ph.D, Manager, Analytical Chemistry
2. RaymondL.VenHoven,PhD, Scientist
3. JoelL Stenzel, BS, Systems Analyst
4. Keri Leach, BS,LaboratoryTechnician
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