
TestingResults:Air-WatorPartitionCoefficient(KAw) for

PFOS



AIRIWATER PARTITION COEFFICIENT

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: The testsubstanceisa whitepowder. No information
was recordedon the purity.

METHOD

Method: There isno standardizedmethodology used todetermine
thisvalueforregulatorypurposes. The experimentwas
designed by Dr.RichardPurdy of3M's Environmental
Laboratoryand Don Mackay ofD. Mackay Environmental
Research Limited.

GLP (Y/N): No
Year completed: 1999

Remarks: The followingmethod was devised and used:

1 . Weigh approximatelz0.01 gram ofthe testsubstance
.
directlyintoa

tared250-mL Pyrex beaker. Record weight.
2. Transfer200 mL ofNANOpure waterintothe beakerusinga

ClassA glaisvolumetricpipet.
3. Preparesolventblanksample. Usinga gas-tightsyringe,transfera

250 pL aliquotofNANOpuie waterintoa 25-mL ClassA glass
volumetdcflaskpartiallyfilledwith50% methanol/50% ammonium
acetatebufferreagent.Bringto volume with50% methanol /50%
ammonium acetatebufferreagent.Ampulate inan amber glass
autosamplervial.

4. Mix and sonicatethetestsubstanceinwatersample (50 pg test
substance/mL targetnominalconcentration)forapproximately10
minutestoensure dissolutionofthetestmaterial.

5. Preparethe controlsample. Transfera 250 pL aliquotofthetest
substanceinwatersample intoa 25-mL ClassA glassvolumetric
flaskpartiallyfilledwith50% methanol 150% ammonium acetate.
bufferreagent.Bringtovolume with50% methanol/50%
ammonium acetatebufferreagent.Ampulate inan amber glass
autosamplervial.



6. Placethe testsubstanceinwatersample beaker on a hotplateand
bringsolutiontoa boil.Afterapproximately10 mLs (5%) ofwater
has evaporated,remove beaker from hotplateand coolto room
temperatureinan ice-waterbath.Transfercontentsofsample into
a graduatedcylinderand recordactualvolume.

7. Process a 250 pL aliquotofsample as describedabove forsolvent
blankand controlsamples.

8. Return sample tooriginalbeaker and bringsample toboil.
9. Repeat steps6-8 untilsample has evaporatedto100 mLs. Submit

allampulated samples forLCMS analysis.

RESULTS

[,(,,:0*
TemperatureOC: Notrecorded.

Remarks: *DonMackayprovidedthefollowinginterpretationofthe
analyticalresults:

"As Iinterpretthelab resultstheyestablishedan initial
concentrationof50 mg/L in200 mL waterthen distiliedoff10 m L-
aliquotsand analyzedtheresidue.They thencalculatedthe
percentageoftheoriginaltestsubstance presentwhich remained in
thebeaker unevaporated.These 'percentagerecoveries';ranged
from 136 to 105 withno realtrend.Iconcludethatthetest
substancedidnotevaporatetoany measurable extent.Thisisa
verysensitivemethod ofmeasuring low air-waterpartition
coefficients.*Itcan be shown thatifwaterand thesoluteevaporate
equally(e.g.,thecontentsdo notchange incompositionas would
occurwithan azeotrope)then K,,orH isidenticalforwaterand the
solute.Forwater,H isapproximately2400 Pa (approximately
200C) dividedby 55000 MOUM3 or 0.044 Pa m3/r@olora Kw of
about 2 x 10-5 . The testsubstance must thushave a Kaw
considerablylessthan this,i.e.lessthan 2 x 10-6.Itisthus
essentiallynon-volatilefrom aqueous solution.Thisisprobably
because ofitsionicnature.The simpleexpedientistoassignita
K,w ofzero,i.e.isa type2 involatilechemicalinour nomenclature."

DATA QUALITY

Rellablilty:KJimischranking2. Data has limite
*
d reliability.Sample purity

was notnoted.Study temperaturewas notrecorded.



CONCLUSIONS

Testingindicatesthissubstanceisessentiallynon-volatilefromaqueous
solution.

Submifter: 3M Company, EnvironmentalLaboratory,P.O.Box 33331,
St.Paul,Minnesota,55133

REFERENCES

Study conductedattherequestof3M Company by WildlifeInternational,
Ltd.ofEaston,Maryland.

Study reviewby Don Mackay ofD. Mackay EnvironmentalResearch
Limited,

OTHER

Lastchanged: 5/1/00
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JanineSeiffert- Env. Lab 2-3E-09

FROM: SUSAN A. BEACH

SUBJECT: TesfingResults:Air-WaterPartitionCoefficient(KAw)forPFOS

DATE: March 19,1999

WildlifeInternationalconducted a studytoestimatethe air-waterpartitioncoefficient(KAw)forPFOS. There isno
standardizedmethodology used todeterminethisvalueforregulatorypurposes;thusitwas conducted as a non-
GLP study.The experimentwas designed by Rich Purdy and Don Mackay. WildlifeInternationalprovidedRich
and Don withanalyticalresults;Don providedtheinterpretationbelow:

"As Iinterpretthelabresultstheyestablishedan inrdalconcentrationof50 mg/L in200 mL waterthen distilledoff
10 mL aliquotsand analyzedtheresidue.They then calculatedthe percentageofthe originalPFOS present
which remained inthebeaker unevaporated.These "percentrecoveries'ranged fmm 136 to 105 withno real
trend. Iconcludethatthe PFOS didnotevaporatetoany measurable extent.Thisisa very sensitivemethod of
measuring low air-waterpartitioncoefficients.Itcan be shown thatifwater and thesoluteevaporateequally(i.e.
the contentsdo notchange incompositionas would occurwithan azeotrope)then KAw or H isidenticalforwater
and thesolute.Forwater,H isapproximately2400 Pa (approximately200C) dividedby 55000 moVrT? or 0.044
Pa m3/mol or a KAw ofabout 2 x 10 -6.PFOS must thus have a KAw considerablylessthan this,i.e.lessthan 2 x
10-6.Itisthus essentiallynon-volatilefrom aqueous solution.Thisisprobablybecause ofitsionicnature.The
simpleexpedientisto assignita KAw ofzero,i.e.itisa type2 involatilechemicalinour nomenclature".

Please see the attachedanalyticalresultsformore information.

Questions should be directedtoRich Purdy.

Regards,

Sus A.Beach

Attachment (1)

',us4A.Beach



W ife 8598 Commerce Drive 0 Easton,Maryland0 21601ildl Phone:(410)822-8600 0 FAX: (410)822-0632

International
Ltd*

FAX TRANSMISSION
Ifthistransmissionisnotreceivedcorrectlyorifpagesaremissing,pleasecallWildlifeInternationalLtd.at(410)822-8600

Date:

'

anuary Fax Number: (651)778-6176 3 page(s)followthiscoversheet.

PLE SE D 0: RichPurdy
3M Corporation
3NfEnviro=ental Technology and SafetyServices

From: Raymond L.Van Hoven
Scientist

NOTES:

Rich:

Enclosedyou willfindacompleted datasummary thePFOS air-waterpartitioncoefficientexperunentincludingthe
datasuamiary,method oud=, and instrumentalconditionsummary. Pleasedo nothesitatetocontactme todiscuss
thefindings,ortoprovideanyadditionalexpmmneataldetuls.Ilookforwardtospealcmgwithyou inthenearfuture.

PSE@DE R(



wmDLim uTnERNAMONAI, LTD. AWP1.XLS pa" I
PFOS
Air-WatorPalidM COCTIDCW
Sequeme LD.: 12JAN" 14000=
Projed No.:454C-101
Due ofAnabn&.01/12/99 12OW000 --

Sample Nxm (UWML) Peak Arn Fit
IDOOOODO --

467SA-OOlA4 1 250 4155337 222.9372 8000000.-
467SA-MIA3 2 Soo 7399923 498.0412

467SA-OOIA2 3 750 10491144 742.4307

4675A-OOIAI 4 1000 13024361 950.1538
467SA-WIA4 9 250 4246955 230.4007 400=
4675-OOIA2 13 750 11036778 787.1725
3736-OOIA4 is 250 4309756 235.4790 2000=
3736-OOIA3 19 Soo 949377.4 573.6429
3736-OOIA2 20 750 lon"lo 770.5794 0
3736-OOIAI 21 1000 13561071 994.1639 0 2DO 400 ODO 800 1000

Carmntmdon (ngftl)
12195.2 1437081."l
53733 35SQt.549
0.985 473031.497 Y4ntercept 1437OS2
515.1 8.000 SLOPE 12195

1.1526P+14 17900703$MOI R2 0.9M7

#NA #NtA

Nominal iniual Flow percent

sampk Concattradon Vbd Peak vaium vow= Ditudes Y-Evaluate AnalyUcalResult Reco-y

Identinestion (UgftL) NO. Ana (-L) (-L) Fwtar (ughnl) (uglinl) (%)
454C,101-REB-1 0.0 5 172690 0.250 25.0 100.000 <M -CS.0 NA

454C-101-AWP-1 50.00 6 975W$ 0.250 25.0 100.000 6213597 62.1959 138.4

4%C-101-AWP-2 52.63 7 tWl77 0.250 25.0 100.000 597.8639 59.7864 111.7

454C-101-AWP-3 57.14 t SS11737 0.250 25.0 100.000 604.7197 60.4720 105.8

454C-101-AWP-4 60.61 10 96420" 0250 25.0 100.000 672.9047 67.2805 lii.0

454C-101-AWP-5 64.94 11 10220321 0.250 25.0 100.000 720.2233 72.0223 110.9

4W-101-AWP-6 69.44 12 11137255 0.250 25.0 100.000 795.4116 79.5412 114.5

454C-101-AWP-7 7S.63 14 11133423 0.250 25.0 100.000 795.0914 79.SW7 IC)5.i

454C-101-AWP-8 $0.65 is 11851738 0.250 25.0 853.9990 85.3999 105.9

454C-101-AWP-9 97.72 16 13073257 0.250 25.0 100.ODO "4.1632 95.4163 10&8

454C-101-5tmbffity 50.00 22 7SM9$ 0.250 25.0 100.ODO S27.4492 52.7448 105.5

Y-"dude (ng'mL)- 0-k mv"-bta-pt)/siope)
AMoed result(n&'mL)- (Y-nWude * diludmfea")
Dibman bctw-(FuW vobxwfmtudvolum)
Pa-t r-vay - [walyucelrmdt(r4tmLYnmuW cwmtrabm (rgfml)lx too
Allspmadshed adailkiormperfannedusingEOCCEL 5.0V inda fullprecisionmade.

CERTIFIED COPY
OF THE ORIGINAL

---MMALS DATF-

oi isitt I I J uj 441L



WildlifeInternationalLtcL

M[ETHOD OUTLINE FOR THE DETERMINATION OF PFOS
AIR-WATER PARTITION COEFFICIENT

ProjectNumber:454C- 10 1

1. Weigh appproximately0.01gram ofPFOS (WIL# 4675A) directlyintoa tared250-mL Pyrex*beaker.
Record weight.

2. Transfer200 mL of Nanopurde waterintothebeakerusinga ClassA glassvolumetricpipet.

3. Preparesolventblanksample. Using a gas-tightWxinge,transfera 250 gL aliquotofNanopure" water
intoa 25-mL ClassA glassvolumetricflaskpartiallyfilledwith50% methanol/50% ammonium
acetatebufferreagent.Bringtovolume with50% methanol/50% ammonium acetatebufferreagent.
Ampulate inan amber glassautosamplervial.

4. Mix and sonicatethePFOS inwatersample (50ligPFOS/mL targetnominal concentration)for
approximately10minutes toensuredissolutionofthetestmaterial.

5. Preparethecontrolsample. Transfera 250 gL aliquotofthePFOS inwatersample intoa 25-mL
ClassA glassvolumetricflaskpartiallyfilledwith 50% methanol/50% ammoniwn acetatebuffer
reagent.Bringtovolume with SOO/omedmol/50% ammonium acetatebufferreagent.Ampulate inan
amber glassautosamplervial.

6. PlacethePFOS inwater samplebeakeron ahotplateand bringsolutiontoa boil.Afterapproximately
10 mLs (5%) ofwaterhas evaporated,remove beakerfrom hotplateand cooltoroom temperatureinan
ice-waterbath.Transfercontentsofsample intoa graduatedcyuinderand recordactualvolume.

7. Processa 250 glaliquotofsample asdescribedabove forsolventblankand controlsamples.

8. Returnsample tooriginalbeakerand bringsample toboil.

9. Repeat steps6-8untilsample has evaporatedto 100 mLs. Submit allampulatedsamplesforLCMS
analysis.



WILDLIFE INTERNATIONAL'LTD.

LC/MS OperationalParametersforthe

DeterminationofPFOS Air-Water Partition

Coefficient

MASS SPECTROMETER: Perkin-ElmerSciexAPI 100 LC Mass

Spectrometer

ION SOURCE: Perkin-EhnerTurbo lonspray

ION POLARITY: Negative

ION SOURCE VOLTAGE: 5200 V

ION SOURCE TENTERATURE: 450 OC

IONMONITORED: 498.6 amu

LIQUID CHROMATOGRAPH: HewletlC-Packard1090 Series]I

ANALYTICAL COLUMN: Keystone BetacilC-18 (2 mm D:),100 mm, 3 gm

particlesize)

MOBILE PHASE: 65% methanol/35% ammonium acetatebuffered

water

FLOW RATE: 240gUniin

INJECTION VOLLTNffi: 10 gL

RUN TIME: 8 minutes



P 92

,DMER
D. Mackay Environmental Research Limited

1604 C;hamplainDeive
Peterborough,Ontario

Ceiiada K9L IN6
lial(705)740-Pgl *I

GST Reg. #R-101420263

3M991

'ro:Y)r.RichPurdy,3M
1.)r.Joyc-cNwAlKCuoper, DaiLeDe

I)aw RichandJoycc

Ireecivedthe"Fluorochemical1.,U,&,acityModeling Requiremnts" statcnient.Itisgenerallyin
agreementwithourexpectationsand we willdo ourbesttosatisfyyour needs.The principal
problem will,1suspect,be &ratheringtheh4mt datilWe can keep inclosecontactwithyou
regarxiingtheuiodeldevelopment.

We obtainedfrom you thePL,'OSair-waterpartitioningdata.As,I interpretthelabresultsthey
e.-;tabU,qhedan initialconcentrationof 50 mg/T.in200 mL wathrthcndistilledoff10 mL aliquoto.
and analysedtheresidue.7UY thencalcuhitedtheperccntagcoftheoriginalPL-'OSpresentwhich
mtmine

'
d inthebeakerunevapomted. 'I'hese"percentrecoveries"rangedfrom 136 to 105 with

no realtrend.Ico=lude thatthePFOS didnotevaporatetoanynxwumble extent.'Jchisisa
veryscnsitivcmethod ofmeasuringlow air-w-.itcrpartitioncocfficients.Itcan be shown thatif
waterand thesolutecvdporateequally(Le.thecontentsdo notclongeinconw.-.itionaswould
oc= withana7wtrope)thenKAw or H isidenticalforwaterand the.-.olute.ForwaterH is
approxhnutely2400 Pa (appmximatcly20*C)dividedby 55000 nwitni3or0.044Pa rnl/nwl.ora
KAw ofabout 2 x 10--.PPOS must thushavea KAw considetablylessthanthis,Le.lessthan2 x
10. Itisthusessentiallynon-vt)latikthimaqueoussolution.'rhisisprobablybecauseorits
ionicnature.Ilm simpleexpedientisto&-.signita KAw ofzero,Le.itisa type2 invok"c
clwnicalinournormiielature.

We didsampleEQC model ruinsusinga KAw ofzert),andpunitionca)eflicientsL/kg forsog-water
of2.4,%ediment-wateror4.8 and rish-water(dimensionless)of 1000. The dimensionle%,spaititic)n
coefficientsarehigherby a fitctorcorrespondingtothedensity.ilm degradationhalfliveswere
allml at10 yem. IattachtheLevel1,11and IIIresults.

The TevelIresultsshow that?FOS hasa.,%trungtendencytoremaininwater,i.e.typicallygoo/o
with20% iiisoil.

I'hclevel11resultsshow an identicaldistribution. rmjorlossisby advectioninwaterwith
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onlyveryslow degradation.The overau persistenceina regioniscontrolledby the.water
row;dcm-ctiim.

The LevelIIIrcsuhssht)wdiat:-

Ifdischargedtoairitwillrapidlydepositto soil(900/o)and water(101/*).

IfdischargedtosoU ittendsto renviinthcrewith themajor lossbeingrun-offto watcrbecause of
itslow sorptiontendency.

Ifdisrhargcdtowater itt=W,.ttoremainin.solutionand issubjectto removalby advectiveflow

(9(rla)-

*rhereL-;littlcsurptk-)nto sedimenls.

In summary, itbehaves much as one would expectof mongly ioniccompound.

Ibelieveitisimportanttomeasure rcalpartitioncoefficientsforinclusioninthemodel and
perhapsrcflnethe halffive-..In thepre.,4entrcgwatory climatea substs, which isso persistentis
goingto come undcrveryclosescrutiny.Iwonder ifitispossibleto builda degradation
weaknf.-,4sintothe mlcculc?

In conclusion,wc arereadyand willingtodo modeling atyour request.Pleaw M-gardthiqasjust
a!;mallLimistop.

Your.%truly

c@@

Don Mackay

DM/mm


