
STABILITY IN WATER (HYDROLYSIS)

TEST SUBSTANCE

Identity: N2-(N-methylperfluorooctanesulfonamido)-ethyl acrylate; may also be
referred to as N-MeFOSEA, or MeFOSEA. (2-Propenoic acid, 2-
[I(heptadecafluorooctyl)sulfonyllmethylaminoethyl ester, CAS #
25268-77-3)

Remarks: Material is an amber, waxy solid, coded THAR3F2. Sample purity
was not characterized.

METHOD

Method: OPPTS 835.2110

GLP (YIN): No
Year completed: 1999
Type: Abiotic
Stock solution and test sample preparation: A 10,730 mg/L stock solution of
MeFOSEA in acetone was prepared. Test solutions were then prepared by
adding 10 uL of the stock solution to 1.0 mL of five solutions individually buffered
to pH values of 1.5, 5.0, 7.0, 9.0, and 11.0. This calculates to a 107.3 mg/L.
concentration of MeFOSEA in each buffered solution.

Remarks: Modification of the test method included using a wider rangeof pH
and longer time periods foramore complete understanding of the behavior of the
test substance.

RESULTS

PH impact on Hydrolysis Half-lives at 50°C

[pHTT Halfiife(days) |
[18 T7927]
[850178 |
[70TT "99—

[80195
CoTT 79—

pH impact on Hydrolysis Half-lives at 25°C**
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Remarks: The analysis showed that concentration of MeFOSEA declined in allaqueous pH buffered solutions with time.
The degradation rates fit second order kinetics better than first order kinetics.
Nevertheless, the report authors assumed first order kinetics and calculated thehalf-ife after six time periods. Generally, the calculated half-fe increased with
time. The half-lives reported above are averagesof the half-lives calculated after
each of the six time periods.
The report does not explain how the extrapolation was made from the half-lives
at 50°C to 25°C. Author states assumed AG = 15-18 kcal/mole which wouldgive
one order of magnitude increase in Ty per 25°C.
CONCLUSIONS

This study indicates that MeFOSEA is hydrolytically unstable under
environmentally relevant conditions.

Submitter: 3M Company, Environmental Laboratory, P.O. Box 33331, St. Paul,
Minnesota, 55133

DATA QUALITY

Reliability: Kiimisch ranking 1

REFERENCES
Study conducted by the 3M Company, Environmental Laboratory, St. Paul, MN.
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Study of the Stability of MeFOSEA in Aqueous Buffers Using Gas

Chromatography with Atomic Emission Detection

3MEnvironmentalLaboratory Contact

‘Thomas L. Hatfeid, Ph.D.
Building 2-38-09
935 Bush Ave.

St Paul, MN 55144
Phone: (51) 778.7863
FAX: (651) 778.6178

Requester

3M Company

+ Report Date; June 14, 1990

ReportSummary

Astudy was conducted on 2-(N-methylperfiuorooctanesulfonamido-ethyl acrylate (MeFOSEA)todetermine fs halt-ife under environmentally relevant hydrolysis conditions. Its behavior wasexamined in aqueous solutions bufferedat ivepHs: 1.5, 5.0, 7.0, 9.0, and 11.0. Theanalysis‘was performed according to 3M Environmental Laboratory Method ETS-8-90.0, with modificationsthat followed the U.S. Environmental Protection Agency's Fate, Transport and TransformationTest Guidelines document OPPTS 835.2110, *Hycrolysis as a Function of pH". Modificationsincluded using a wider range of pH and longer me periodsfor a more complete understanding ofthebehaviorofMeFOSEA.Datawerecollectedatthestartofthestudy(Time 0)andafer 0.94,1.82, 6.72, 13.90, 20.71, and 27.77 days of sample agitation and incubation at 50°C. Afterincubation, isopropyl sicohol (IPA) was added and the aqueous samples were extracted withhexane. The hexaneextracts were dried with anhydrous sodium sulfate and injected into a gaschromatograph with an atomic emission detecior (GCIAED). The analysis showed that '‘concentrations of MeFOSEA declined In all aqueous pH buffers with time.  Haltives IncreasedWithtimewithineachpH datasetat50°C,averaging9.4daysat pH 1.5, 17.8daysat pH 5.0, 5.9daysatpH 7.0, 8.3daysat pH 9.0, and 7.9daysat pH 11.0. Extrapolationofthe50°Cdatatoroom temperature (25 °C) resulted in a halt-ives averaging 94 days at pH 1.5, 178 days al pH5.0. 99daysat pH 7.0,93daysatpH 8.0,and79daysat pH 11.0. These results indicatethatMeFOSEA is hycrolyticaly unstable under environmentally relevant conditions.
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Appendix B: MeFOSEA Preparationand Analysis Method
AppendixC: SamplePreparation Logsheets
AppendixD.GC/AED Chromatograms (see separate bound volumes)
Appendix E: Spreadsheets: GCIAED Results
Appendix F: Spreadsheets: Calculationof Kinetic Parameters.
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1 Inrodigoni VRSRR
Hycrolyi soneofthe mainmechanamsbywhichorganic compounds,both natural andsynth, decomposainthe nvircrment.Testing or ydsofcompoundsevant todeterminingthpersistance andenirnmental aeofmanypesticides andpolymers suchaspolyesters, poyethrs, and polyamides, and or Getomining nef Hoof products containinguchcompounds (Appendix A EPA Guidelines)
Hydrolysis i a reactionbetweensome species (n tisc258 of the type R-CO-X), withwaterthat rosuls nthesubstiuonofXwitOF

Figure 1. Generic Hydrolysl Reaction

f fR—C—X + H0 == R—C—OH + HX

R=somehydrocarbonorfluorocarbonmaterial
X=halogen,OR,or KR

Indiutescons the atsaw for chemical lossby a hydrolysis reaction fs shownwithhefollowingequations, where“str”signsthe siaring materia 1inpotant1anots atheequation mustbe modifed in solutonstha arenotdie.

deste] _—_— [ester]
dt nya 1

or
[A]nA7, ‘

The rateconstant ks the negative slop of the nef 0. lot ofthenaturalogof thefractionofcompound remaininga me ,versus te.The halfHoofthecompoundata
‘specific pH isrelatedtothe rateofhydrolysisby:

Jr ——— ootconyOo Not laine Pawsoris
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Withtheaboveequations andconsiderations as guides, hestudymonitored th lossofMeFOSEAaveranextendedperiodofimeto determinethe overai rateof reaction. Apredicted product of hydrolysis of MeFOSEA was N-MeFOSE alcohol. Analytical difficultieswereencounteredinattempting to monforthe appearanceofthisreaction product nansffort10 confi the degradation routs.
Theprimarygoalofthe studywasto determine, to frst approximation,the hycrolytcstabilly of the MeFOSEA. Since levelsofMeFOSEA steady declined over time, datacollection stopped afer 28 days.
‘Samples of MeFOSEA wars prepared inbuffer solutonsofpH 1.5, 5.0, 7.0, 8.0, and 11.0according to published guidelines (Appendix A and references thers). A solution ofMeFOSEAin 1.0 mi.ofeachbufferwasproparedbyadding 10 uLof a 10,730ppm scutionof MeFOSEA in acaton. This comesponds o 107.3 ppm MeFOSEA ineach buffer.Significant environmental pHs were chosen (e.g pH 1.5 is physiological relevantasstomachpH in caseof ingestion).Theadton of a pH 11.0bufr inthe prasontstudywas‘made to beter understand the behavior of MaFOSEA in basi solutions. The solvent chosenfor quenching was hexane, used to extract remaining MeFOSEA from the aqueous matrixThis allowed jectionofmaterial onto the gas chromatograph. Previous studies have shownthat analysis of diuted aqueous buffers by gas chromatography resuts in chromatographicanomalies and column degradation.

Inthsstudy,biodegradation ofMeFOSEAisruledou fortworeasons. Firs,the 60°C:fomperature used will impede degradation due to microbial growth in the buffored media.“Tris temperature s haste to the growth of most mesophilic microorganisms, the ypeusualy inhabiting laboratories. Thermophilic microorganisms, whichdothrive at 50°C andabove, typically inhabit environments such as hot springs and hydrothermal ven atthebottomoftectonicaly active ocean basins, but not laboratories. Also, one can hypothesize:thatthe maximum oss rate of MeFOSEA woukdoccur at a diferent pH faccomplished byhydrolysis versus biodegradation. Since acids or bases typically catalyze hydrolyss,hydrolysis rates are usually maximum under ackic or basic condiions and minimala or nearneutral conditions. This contrasts with the actity of microbes, which typical demonstratemaximum growth rateat or near neutral pH. Maximum atesofhydrolysiswers not observed8LpH 7.01 tis study.
A proposed mechanism for hydrolytic degradation of MeFOSEA is shown n Figure 2.
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Figure2MoFOSEA and Possible Degradation Products
MeFOSEA

o
ad "
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SR A Bi
A sample of MeFOSEA (coded THAR3F2) was obtained from C. Elsbernd, 3M Chemicals, on‘October13, 1968. Thesamplewasplaced intothe hydrolysisstoragecabinet ntheSMEnvironmental Laboratory. The sampl recalig cate, an lectronic MSDS, the sampleproduction methodology and predictive chemisties were ented into the aM proprietarydatabase “Hydrolysis Tracking.”

Holl Tio SR A NT
Thesampleswere propared and analyzed within the appicable hoding ime criteria.
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4 Meitioda:Analyiealans ProparstoryIhHERESEROSET SR +
3M Environmental Laboratory Method ETS-8-90.0 “Determination ofthe Stabily ofM8FOSEA in Aqueous Bules Using Gas Chromatography with Atomic Emission Detection”Was followedexcept where noted below. This method is presented in Appendix B.
TheGCIAED system usedwas a Hewlet-Packard (HP)5890Series Il GC equippedwithanHP 5321A AED, and an HP 7673 auto-sampler. The column used was a JAW DBS-MS, 30Mm x0.26mm x 0.26 um fim thickness. The oven program hadanintial temperatureof50°C, intial hold time of 1.0 min., final temperature of 300°C, and a temperature ramp-rate of15°C per minute.

44 Standards:
Test Analyte: 10,730 ppm MeFOSEA in acetone (ID 98086-3-16)Internal Standard: 9.324 ppm N-EIFOSE akohol In hexane-1% IPA (ID 88086-3-19,and ID -98080-15-16) -
8plking Standard: 473.4 ppm N-MeFOSE alcohol in methanol (ID W398-1117) (This isan orderofmagnitudelowerthan the amount intended due to a calculation error)

4.2 Sample Preparation and Analysis Dates:

Time 0: ‘Samples 112398-MeFOSEA-001 to 112368 MeFOSEA01SPrepared and immediately quenched on 11/24/98.
‘Analysis by GC/AED was begun on 11/25/69.

094Days Samples 112398-MeFOSEA16 to 112308-MeFOSEA-030Incubationstartedat 3:30 PM on 11/23/68
Quenched at 2:30 PM on 1724/98
‘Analysis by GC/AED was begun on 1725/98 (pH 1.5.5.7) and on1730/88 (pH 9,11)

1620ays Samples 112398-MeFOSEA-031 to 112398-MeFOSEA-045Incubation started at 3:30 PM on 11/23/88
Incubation stoppedat2:10 PM on 11/25/98
Analysis by GCIAED was begun on 11/26/88 (pH 1.5,5,7) and on 1211/98(BH9.11)

672Days Samples 112398-MeFOSEA-046 to 112398-MeFOSEA.080Incubation started at 3:30 PM on 11/23/68
Incubation stopped at 8:54 AM on 11/30/08
Analysis by GCIAED was begun on 12122-23/08 (pH 16,57), and12/1188 (pH 9,11)

1390Days Samples 112398 MeFOSEA-06 to 112396-MeFOSEA-O75Incubation started at 3:30PM on 11/23/08Incubationstoppedat 1:02 PM on 127/58

AtomeyClrimokProductPrvogad ootCopy00NotDiscose Prgesorta
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AnalysisbyGCIAEDwasbegunon 12/2398 (pH 1.65.7) and on 126-9198 6H911)
2071Days Samples 112398-MaFOSEA.076to 112398-MeFOSEA080Incubation started at 330 PM on 11/23/08Incubationstoppedat 8:38AMon 12/14/98AnalysisbyGCIAEDwasbegunon 12128198 (5H 1.657)and on 12/15-16198 (pH 9,11)
27.77 Days Samples 112338-MeFOSEA-091 to 112398:MeFOSEA-105Incubation startedat 3:30 PM on 11/23/88Incubation stopped at 3:55 AM on 12/21/68

Analysis by GC/AED was begun on 12/20/98 (pH 1.5.5.7, 9) and on12/30/98 (oH 11)
‘Sample quencing was completed approximately 1 hour afer incubation was stopped.Sample proparaton ogshees are prosented In Appendix C.

ATRI RERET
81 Calibration
Standard calbration curves were prepared using a mixoftest analyte (MeFOSEA) and‘degradation product (N-MeFOSE alcohol). Examination of the chromatograms revealed
that the intended internal standard (N-EFFOSE akohol) was in a region ofchromatographic overlap of residual components in MEFOSEA. Thus, N-EAFOSE akcohalould not bousedas an intemal standardwth GC/AEDtesting.

‘SolventStandard Name | _Seivent/Standard Number
[Hexanesoventused| Tn-A200 |

IPAsolvent used [TTNazie|MOFOSEA standard 98086-3-16
N-MeFOSE alcohol standard|5398-331|N-EIFOSE alcohol standard

he calibration standard set consistedofthe folowing:
WHeFGSE | NEWOSE{—iepm)_|_scohl om) | seal
[e312|oma |

[seosedes| 4828| 4734 | oss |
[seosedec| 3210| 3156 | 0324 |[seose4eD| 1600| 1578 | e324 |
[oeosdcE| 648| eat | esa |
[oeossasF|"age| 4734 | 03a |

3210 |773156| esa |
[Cosomston| 1e00| 1570 | waa |

a —— ooMot copyDoNet tsciese Poeotts

000034



|
SM Embormerts Laborer

Ropar. W 1068

The standard curves were linear, with the coefficients of determination () greater than0.990. Calibration standards were analyzed in duplicateatthe beginning of every sampleTun. At regular intervals (e.g. after § - 8 sample injections) blanks consisting of hexane.With 1% IPA and 9.324 ppm N-EWFOSE alcohol were snalyzed. A mid-ange calibrationstandard was periodically tested throughout each sequence. When the percentdifference of amount of measured analyte was greater than + 25% from the true valus,
relative to the initial standard curve, the run was discarded. Only samples analyzedbefore the last acoapiable calibration check:standard were considered as valid results.

5.2 Blanks.
‘The intemal standard was a solution of 8.32 ppm N-EWFOSE alcohol in hexane/1% IPA.Approximately 1 mL aliquots were transferred to autovials and used as solvent blanks inthe analysis. These blanks served as an instrumental check for analyte carryover.‘Acceptable values for the blanks were less than half the practical Quanttation Limit of themethod (the concentrationofthe lowest standard used in the curve).

8:3 Surrogates
Nosurrogate analyte was usedin this analysis.

5.4 Matrix Spikes.
Matrtx spike sampleswereprepared by introducinga known concentrationofthe targetanalyteinto a sample. - Thesematrix spikesampleswerecarried throughtheentire‘sample preparation process. Comparisonofthe amount quantified from thematrix spike.withthatoftheunspied sampleprovided informationon contributionofthe samplematrix to the analytical result.

Oneofthespiking solutionsusedwas a 473.4 ppmN-MeFOSEalcoholstandard. This‘concentrationwasone-tenthofthat whichwould havebeen optimal. Assuch, theamount of N-MeFOSE alcohol added was lower than the lowest calibration standard,precluding quantation. Spike samples onDay21 and Day 28 also contained 10 bLofa10,730 ppm solutionof MeFOSEA in acetone. Foral the pHs extracted on Days 21 and28, acceptable MeFOSEA recoveriesof 80 to 123% were noted. The average recoveryofMeFOSEA was 05%.

5.5 Laboratory Control Samples
Laboratory control sampleswere not preparedforthis analysis

5:6 Sample Related Comments.
The MeFOSEA resus for the Day 2, pH 7 samples were rejected, as the mid-rangecalibration standard that followed these samples did not pass quality control criteriaspecified in theanalytical method (Appendix B).

6DataSreyRRCR.

‘The 3M Environmental Laboratory developed a method for the quantitative determination ofMeFOSEA using GC with atomic emission detection. This method was successful using fvePHbuffer matrices. Sample chromatogramsare presentedInAppendixDasseparate bound
Ato lentoProductPrvinged. ootCopyDoNotDisclose Pogesorss

000035



I

SMEmon Labstry
Rosati wists

Volumes. A representativeGGIAEDchromatogram of standard ixursand asamplearepresented n Figure 3aand 3, respectvay.

FiguresRepresentativeGAD Chromatograms
Poak letion esar 0.54 minutos(4MOFOSEsch, 10.0ites(dam standard, an 1082indies MaFOSER)

Standard (8.43 pomMAFOSEA, 122258, 7:35:14 PM)

Ed 5

- .
- [

1 Ao
5. Sample (MFOSEA-.61.7, 122298, 8:31:89 PM. Quaniedas5.47 por MOFOSER)
—

=
-l |

1 |1 g Na AeeKa 5
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‘The calculated concentrationsofanalyte in sampe, duplcate,and mat spke samples arepresented nsproadshoetforma inAppendixE.Thesedata,plotedas MeFOSEA
concentrationversus time inFigure 4, show that dogradation of MeFOSEAis ingeneral non-
linear and afunctionofpH.SamplesfromthepH 5.0 and7.0serles canbefitequallywell
‘witheitheralinearorsecond-orderequation (see Table 1). Asecond-order equationprovidesabeter than a nearoquation orthe data at pH 1.5, 5.0, and 11.0.

Figure4
MeFOSEA ConcentrationVersusTime——MeFOSEACOncemtmtionVersusTme

'MeFOSEAExtractConcentration(PPM)

nao .

1000 -| ; ois
£ om 138 n =pH=50

| ApH=70f ew feo
- 2 opH=110

- *

wf 8 9

| reooo ———
| © Wm MW Ww ww ww

m-

Table1Fit ofSecond-OrderandLinsar Equations to MeFOSEADegradationData

so1vese’iocencame| owe |veomencomm| oem |
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Aho conclusion of the experiment (27.77 days). approximately 20 - 30%of the orginal
MeFOSEA remainedfor samples hydrolyzingatpH 1.5, 7.0, 9.0, and 11.0. AtpH 5,
‘approximately halfof the original MeFOSEA was present at the end of the experiment.

‘Calculations of neti parameters are presented In Appendix F. A general trend s that theDale of MeFOSEA ncreasod with increasing ime, especialy at pH 1.5, 5.0, .0, and 11.0(Table 2). Thisbehavior oss! match the mathematical model for ir orderreaction.However, he fst arder approximation fr a hydrolysis roaction assumes a single compounddegrades to form only two distin product species. The resus shown in Table 1 indicate thisassumption may not berealisticfor MeFOSEA. As impled i Figure 2, the degradation of
MeFOSEA may involve multiple reaction pathways. MeFOSEA is a 3M control compound,‘Whose behavior is used 1 predic that of other synthetic chemistries. Overal, the rosufs ofhis study aro sufficientfor that purpose.

Table2
—HalvesolMeFOSEAVemusTme

[00s0258'T a7 |300|11o0|334|
[102T3500T508 | 145i|

[asoT28451iss|280|1pm|

PE omen SRE ER

“The 3M Environmental Laboratory developed a methodfor hydrolysisand analysis ofMeFOSEA. The hydrolysis sudy showed pH dependent halfIves which increased with tm.
‘within eachpHdatasetat50 °C, averaging 9.4days at pH 1.5, 17.8daysatpH5.0,9.9days.pH7.0,9.3 daysatpH 8.0, and 7.9daysatpH 11.0. Extrapolationofthe50°C datatofoom temperature (25 °C) resulted I a hltives averaging 94 days a pH 1.5, 178 days at
PH 5.0, 99daysat pH 7.0, 93daysat pH 9.0, and70daysat pH 11.0. Itis the conclusion ofhis study that MeFOSEA Is unstable against hycrolysis under environmental rlevantconditions.

Datars Ratwation {17111 cl
Reserve samples and al original paper data wil b retained in the archives of 3M ET&SS fora period often years folowing the signingof the fina report.
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INTRODUCTION
This guideline is one of a series of test guidelines that have beendeveloped by the Office of Prevention, Pesticides and Toxic Substances,United States EnvironmentalProtection Agency for use in the testing ofpesticides and toxic substances, and the development of test data that mustbe submitted to the Agency for review under Federal regulations.
The Office of Prevention, Pesticides and Toxic Substances (OPPTS)has developed this guideline through a process of harmonization thatblended the testing guidance and requirements that existed in the Officeof Pollution Prevention and Toxics (OPPT) and appeared in Title40,Chapter I, SubchapterR of the Code of Federal Regulations (CFR), the. Office of Pesticide Programs (OPP) which appeared in publications of theNational Technical Information Service (NTIS) and the guidelines pub-lished by the Organization for Economic Cooperation and Development(OECD).

The purpose of harmonizing these guidelines into a single set ofOPPTS guidelines is to minimize variations among the testing proceduresthatmustbeperformedtomeetthedatarequirements of the U. $, Environ.mental Protection Agency under the Toxic Substances Control Act (15U.S.C. 2601) and the Federal Insecticide, Fungicide and Rodenticide Act(TUS.C. 136, et seq.). ’

Final Guideline Release: This guideline is available from the U.S.Government Printing Office, Washington, DC 20402 on The Federal Bul-letin Board. By modem dial 202-512-1387, telnet and ftp:fedbbs.access.gpo.gov (IP 162.140.64.19), or call 202-512-0132 for disksof paper copies. This guideline is also available electronically in ASCIIand PDF (portable document format) from EPA's World Wide Web site(hitp://ssrw.cpa.gov/epahome/research.htm) under the heading “Research.ers and Scientists/Test Methods and Guidelines/OPPTS Harmonized TestGuidelines.”
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OPPTS 835.2110 Hydrolysis as a function of PH.
(a) Scope— 1) Applicability. This guideline is intended to meet test-ing requirements of both the Federal Insecticide. Fungicide, andRodenticide Act (FIFRA) (7 U.S.C. 136. et seq.) and the Toxic SubstancesControl Act (TSCA) (15 U.S.C. 2601).
(2) Background. The source material used in developing this har-

‘monized OPPTS test guideline are 40 CFR 796.3500 Hydrolysis as a Func-tion of pH at 25 °C, and OECD guideline 111 Hydrolysis as a Functionof pH.
(b) Guidance information—(1) Prerequisites. Water solubility data;suitable analytical method; vaporpressure curve.
(2) Qualifying statements. Pure and commercial grade substancescan be tested with the method described here, but the potential effect ofimpurities on the results should be considered. This test guideline appliesonly to water soluble compounds. There is uncertainty in extrapolating .high temperature results to environmentally relevant temperatures as achange in reaction mechanism could occur. .
(3) Standarddocuments.Thistestguidelineisbasedonmethodsgivenin paragraph (f)ofthisguidelineandon hi PreliminaryDraftGuidance for Premanufacture Notification EPA, August 18, 1978.
(¢) Method—(1) Purpose, relevance, application, and limits oftest.- () The testing of substances for hydrolysis is relevant to their persistence.Hydrolysis is one of the most common reactions controlling abiotic deg.radation and is therefore one of the main degradation paths of substances

in the environment.

(if) A procedure to determine hydrolysis rates is important also inindicating whether other testing should be carried out on a parentcompound or on its hydrolysis products. It is the degradation products thatare crucial. Hydrolysis behavior needs to be examined at pH values nor-mally found in the environment (pH 4-9) and under more acidic conditions(PH 1-2) for physiological purposes.
(iii) Surface-controlled reactions can sometimes predominate over

bulk solution hydrolysis, especially in the soil environment. ‘This may re-sult in different degradation rates than would be predicted from this guide.
line based upon rates in homogeneous solutions.

(2) Definitions and units. The definitions in section 3 of the Toxic
Substances Control Act (TSCA) and the definitions in 40 CFR Part 792—Good Laboratory Practice Standards apply to this test guideline. The fol-lowing definitions also apply to this test guideline.

Hydrolysis refers to a reaction of a chemical RX with water, withthe net exchange of the group X with OH at the reaction center:

1
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RX + HOH— 5 ROH + HX
Hydrolysis rate, the rate at which the concentration of RXdecreases

in this simplified process is given by:

second order reaction rate = k [(H;0] [RX]
or

first order reaction rate = k [RX]

dependingontheratedetermining step. Because waterispresentingreatexcesscomparedtothe chemical,thistypeofreactionisusually describeda5 a pseudo-first order reaction in which the observed rate constant is givenby the relationship:

Kobe = k [HzO] .
andcanbedeterminedfromtheexpression -

Kaba =2.303/t 10gio(Co/C) |
where t = time, andCoandC. = concentrationsofRX attimes 0and2 y

The units of this constant havethe dimension of (time)! and the half-lifeof thereaction (timefor 50percentofRX toreact)isgivenby
ti = 0.693/kots

(3) Reference substances. (i) Aspirin and Diazinon are used as ref-erences. These substances need not be employed in all cases when inves.tigating a new substance, These data are provided primarily so that calibrationofthemethodmaybeperformedfromtimetotimeandtoofferthechance to compare the results when another method is applied. The resultsof the OECD/EEC-Laboratory Intercomparison Testing are included in thefollowing Tables 1. and 2.:
‘Table 1.—Values of Rate Constants and Half-Lives for Aspirin’2
El [Kromet| wmBE cosrrrerermrmrmeme———— 300

©ReeASna,56.78-2) 2 icack) data from LJ. Excay 2500 (GAS16, 8576-2) (2acaisalictc ac) data rom Lo, Edwards, Transactionsofthe Far
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Table 2—Vaiuss of Rate Constants and Halt-Lives for Diazinon
[oc[we|wv [wePH K[108 K[10¢| tia tiasoc] sec]| &1043 csr ClEEE 12IO— 00s| as00 | °F ®

3H III os 6 | 120| 6s 78ES RERE Sa erm pont
(i) Further results of OECD-EEC Laboratory intercomparison testing }follow in Tables 3. through 12. In some cases the results presented havea variabilitywhich exceeds whatiscalledforin thetestguideline.Thismayparticularlybetheresultoftheuseofdifferentbufforsinthetosssystems and the influence of oxygen. These results are presented , how. .ever, as they have been obtained using the Test Guidelines in the OECDEEC Intercomparison Testing Programme, Part IT. The guideline has beenmodified in the lightofthese results,
(A) Substance: Aspirin .

Table 3—Reaction Rats Conatént In 10%sec-:

stang- | Sant
Som. ard | of .PH de dav an n° of results

ton.
12 ns| 3640| 1013] 1278 | 1282| 01001918330cn| 29 | 0080| 0088| 703|0000119| a“0 |osse| oiiz| 20704 oess| 37css| 20 | 0205| 0033 | 159 [0182-0028| 5: “ [13090004 031306r381| 390corms| 20 | 0308| 0160| 517|0100-002] 2“| ossa|ooos| ‘04|0sioosr| 3
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Table 4—Hll-tfe in hours

on oy EE| sean tronsso Varason,| range | noteste. GC dow | V2
| Wa [wn Tes wwe |:95%80mn| 20 | 3197| 2225 wlesaro|  »|| = BIST] 2am70mes 2 | 984 | 144 | sheioss| 2DoE 2 HEE| 2m00ns| 2 | 723 | a7 sol rons| oa40 20.2 91 0.0] 20.1-203 2(1lab)

(B)Substance:Diazinon

TableS—RoactionRateConstant in10sec
; co .

i i Ford treatsdharc Vln | yar
5

12 | 340 [30%| aw| wel miemedS| 2 | 22m] py eterna]BBR) 4B) BTR ee
0 | 7| az | mol 0b'S%| sue8|ols] ia| oo) om| oy

790mss| 30 | 0933] 1790 1924|0cosngzn|  oQo | 05 aml my omens 4| omo| GE Ws camo 8| Tee 3B 1533103| one80mi 30 | 1303| 21433 1358| ooongan|*C08) 83) Gh Eu
50 0292 0034| 11602680316 2¥ 60 2801 | 4125| 1473 0.241~ 8(7 labs)Ye
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Table 8.—Hait-ie in hours
coefficient |

* BEESen|| ren |otros12 | 340| coma] oar 279 0soi0900| 430ron| 20 127 | 240 ®| sors 7© | 2: | 8% 25 5953 [11000| 8%| 1s 128| 2202231 |'3(2a)&| ow| 5% 2| Sarors|°C70inne] 20 | 170775 | 1875.18 10 sadess| 4wo | 'Hgie| ears 77| 2isdeor| 80 | So| ow 7) "aie 2y T0585eo | ase| 2008 se) 20635 | 87iane)90ine| 20 | 115075 | 133858 nel asosis| 4wo | aaa| NEE @| oozes | o. so | ‘ek| 95 i2|adsariar| 2®| 293| aser 102) “55705 | 6 cane)
(C)Substance:Atrazine .

Table 7~Reacton Rate Constantin 10%sec-:

| oamentoH do.|ofvariation, n°ofresusdowr oIVaE
12 one | 3540 | 0548] 0616 763] 076004| 430errs| 20 | 0014] 0.008 s68|oos000|@ | 00| doe S54|00moze| 8@ | 0808| oer Go1|0zeaise| 870 “ | cool ooii| aes |osorcote| 390ers| 20 | 0013] o018| 1301|o0010028| =« |ooos|ooo|  i%a7|Scbioos| 3

. Table 8.—Hai-lfoInhours
om: conficientb standardoH por. afvaaton, oofresults
|] on *12 | $540 | 5476] a3 o10|200rmsas| 4QoIII a0 | vseres| vassse 770] sor aaa© | 2050| amen ss| Tri 5’ 696.79© | aue| as @0| 150483 | 570 evs| 40 | 900018| 103377] 1230] time 2on90co | 20 | 1792105| 2010821 | 1350] sre 2ae40 | 0s3s| sans noo i3sas. 2en
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(D) Substance: Di(2-ethylhexl) phthalate (DOP)

Table 9—escton Rate Constant in 105sec-t
aT cationsa| eivanaton, o of resus

ation %

30 | 20 | 0048| 0051 1078]  ooosoros a90] 2| oo [oor er ocar-ooms| 2a | ofes |oa| imal ood 2&| cose| oz S| Gos oom z70cn| 20 | 0073 | 0084 ws|  oceroie 2io | gen | = i& | fooea |Z z z i
o | oc : - i

: ‘Table 10.—Half-iife in hours

standard| cooficentoH Gavi |ofvariation. ofresusaon |"
30 | 20 | 92020| soo22 10]. 182421008 3BQ | ik) BE i2f sassaase 2@ | 20| ‘ers Z| irs sian 270 20 | i030 | 30138 of ase 2© | aie - 3& es z : : 3© |Gesy] = | oC : 1

(E) Substance: Ethyl acetate
Table 11.—Resction Rate Constant In 10sec

“| Farin trosuts. olpH a w

30 lo | 20 | (00012) 1i | oo i8 | (6358 i70 i| 20 | f0 12pm i .@ | ein iFL— + 12 a8 i. | 4s i
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Table 12.—Halt-ife in hours
oun | Saar] conto | ToH Tada | “dew” | of vanaton, | range | n of resutsvalis ation % |

30 wis | 20 | (1658) - 1so | eras |Z 1] 30)| 170wn| 20 | (78833)| = 1a0 | asian |Z 16| (ao3g| = 1
0 ° | ER oc i60 (12.44) = 1

. (4) Principle of the test method. (i) In the cavironment, chemicalsusially occur in dilute solution, which means that water is present in largeexcess, and, therefore, that the concentration of water remains essentiallyconstant during hydrolysis. Hence, the kinetics of hydrolysis are generallypseudo-first order at fixed pH and temperature, ~~
(i) The hydrolysis reaction may be influenced by acidic or basic spe-cies HsO+, (H+), and OH-, in which case itis referred to as specific acidor specific base catalysis. ’

~ (iid) The concentration of the test substance is determined as a func-tion of time. The logarithms of the concentrations are plotted against timeand the slope of the resulting straight line (assuming first-order or pseudofirst order behavior) gives the rate constant from the formula (if logyis used):

Kobe ==slope x 2.303
(iv) When it is not practicable to determine a rate constant for a par-ticular temperature directly, it is usually possible to estimate the consiantthrough the use of the Arthenius relationship in which the logarithm ofrate constants at other temperatures is plotted against the reciprocal of the

absolute temperature (K).

(5) Quality eriteria—(i) Reproducibility. Measurements of hydroly-+ is rate constants on 13 classes of organic structures can be of high precision, often with less than 2 percent standard deviation (see paragraph (f)(2)of this guideline). The rate constants for one pH and one temperature
should be determined in duplicate with a deviation of less than 2.5 percentunless unusual circumstances (e.g. analytical difficulties) prevent achieving
this and then the details of these circumstances should be reported. Thereproducibility can be improved by an improved control of the sensitiveparameters, in particular pH and oxygen.
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(ii) Sensitivity. Most hydrolysis reactions follow apparent first order
reaction rates and. therefore. half-lives are independent of concentration

tz = 0.693/kops
This usually permits the application of laboratory results determined at
10-2-10-> M to environmental conditions (S106 M) under paragraph
(D2) of this guideline.

(iii) Specificity. Several examples of good agreement between ratesof hydrolysis measured in both pure and natural waters fora variety ofchemicals providing both pH and temperature have been measured (see
paragraph (f)(2)ofthis guideline). .

(d) Descriptionofthe test procedure. (1) If the water solubility ofthe substance is less than 2 x 10-2 M, a half-saturated solution in water
is prepared. If the solubility is greater than 2 x 10-2, the test solutionis prepared at less than 10-2 M. Substances known to be hydrolytically .unstable are tested at at least two temperaures between 040 °C. Other
‘substances are put through preliminary testing. Substances found to be sta-
ble under these conditions are considered hydrolytically stable (tz at25 °C isgreaterthan 1year). Thosenot stable at 50 °Cforoneweek
are submitted to testing at at least two temperatures between 0-40 °C,"or, as appropriate, at at least three elevated temperatures, and the data
extrapolated to produce kat 25°C. :

(2) Preparations—(i) Materials—(A) Buffer solutions. (1) The hy- -drolysis test should be performed at four different pH's: at pH 1.2 (if phys-iologically important); pH 4.0; pH 7.0; and pH 9.0. Either buffers as de.
scribed below or a pH-stat may be used. Use of a pH-stat avoids potential
problems due to buffer catalysis.

(2) For this purpose, 0.05 M sterile buffer solutions should be pre-
pared using reagent grade chemicals and distilled, sterile water, The buffersystems are based upon the analytical requirements for the chemical beingtested. It should be noted that the buffer system used may influence the
rate of hydrolysis and where this is observed an alternate buffer systemshould be employed. The use of borate or acetate buffers instead of phos-
phate has been recommended under paragraph ()(2) of this guideline, The
PH of each buffer solution must be checked with a calibrated pH meter
at the required temperature to a precision of at least 0.1 pH units. Some
useful buffer systems are presented in the following Tables 13., 14., and
15:

Table 13.—Buffer Mixtures of Clark and Lubs'*
Composition oH

02 N HCl and 02 N Kel47.5 mIHCT + 28 Ml KC GIL0G 10.100 Ml... || 1032:26 mI HC1 + 28 mi KCH dilutedto 100mi IIe| 19
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‘Table 13.—Buffer MixturesofClark and Lubs',:—Continued
Compostion oH

20.75 MI HOY + 25 MI KCT GOO 10.100 Ml... 1443.15 mi HC1 + 25 mi KC1 diluted to 100 mi 18S3mIHC1 + 25 mI KC1 diluted to 100 mi ..... III 18$3 mi HC1 + 25 mi KC1 diluted to 100 mi 1...III 203.35 mi HC1 + 25 mi KC1 diluted to 100 mi... TI 220.1 M potassium biphthalate + 0.1 N HC146.70 mi 0.1 N HCT'+ 50 Mi DIPAMNEIaIe 10 100 MI ..co..coeoesemsssssennes 2239.60 mi 0.1 N HC1 + 50 mi biphthalate to 100 miI 2432.95 mi 0.1 N HC1 + 50 mi biphthalate to 100 mi[I | 226.42 ml 0.1 N HC1 + 50 mi biphthalate to 100 mi 2820.32 mi 0.1 N HC + 50 mi biphthalate to 100 miI 30d4.70 mi 0.1 N HC1 + 50 ml biphthalate to 100 mi...III| 3290 mI 0.1 N HCT + 50 mi biphthalate to 100 mi... | 35:97 mi 0.1 N HC1 + 50 mi biphthalate to 100 mi"TT 38263 ml 0.1N HC1 + 50 mi biphthalate to 100 mi"ITI| 30.1 M potassium biphthalate + 0.1 N NaOH940 mi 0.1 N NaOH + 50 MI DIDHAIANS 10 100 Ml ...ocsesmssmnes| 40739m 0-1 N NaOH + 20 mi piohtnalate to 100 mi[III 487:959.mi 0.1 N NaOH + 50 mi biphthalate to 100 mi"III | 4212.18 ml 0.1 N NaOH + 50 mi biphthalate to 100mi..." | 4d17.70 mi 0.1 N NaOH + 50 mi biphthalate to 100mi I." "ZI | 480.1 M potassium biphthalate +0.1 NaOHBRESats 0 100.1 coc | 5029.95 mi 0.1 N NaOH + 50 mi biphthalate to 100 mi"2 | 2935.45 mi 0.1N NaOH + 50 mi biphthalateto 100 mi ....2 5432.85mi 0.1 N NaOH + 50 mi biphthalate to 100 miZI 5843.00 mi 0.1 N NaOH + 50 mi biphthalate to 100 miIII | 245.45 mi 0.1 N NaOH + 50 mi biphthalate to 100 mi"I [0 380.1 M monopotassium phosphate + 0.1 N NaOH *S70 mI 0.1 N NaOH + 50 Mi PHOSPA 10 100 MI .vv.ecoessesmmsmesmns 89SPom 0c! MNACK + 59.mi phosphate to 100 miUII 8812:80 mi 0.1 N NaOH + 50 ml phosphate to 100 mi..."I| 8217:80 mi 0.1 N NaOH + 50 mi phosphate to 100 mi [II 863.45mi 0.1 N NaOH + 50 mi phosphate to 100 mi"III | 8829:63 mi 0.1 N NaOH + 50 mi phosphate to 100 mi"I [08835.00 mi 0.1 N NaOH + 50 mi phosphate to 100 mi _.. 7239.50 mi 0.1 N NaOH + 50 mi phosphate to 100 mi _.II 7442.80 mi 0.1 N NaOH + 50 mi phosphate to 100 mi[I 7845:20 mi 0.1 N-NaOH + 50 mi phosphate to 100 mi"III 0746.80 mi 0.1 N NaOH + 50 mi phosphate to 100 mi _...I 800:1 M H;80, in 0.1 M KC1 + 0.1 N NaOH281ml 0.1'N NaOH + 50 M! BOC 2610 10 100 Ml cesses 788.97 mi 0.1 N NaOH + 50 mi boric acid to 100 mi IL 805.90 mi 0.1 N NaOH + 50 mi boric acid to 100 mi III 828.80mi 0.1 N NaOH + 50 mi boric acid to 100 mi TI 8412.00 mi 0.1 N NaOH + 50 mi boric acid to 100 mi... 8616.30 mi 0.1 N NaOH + 50 mi boric acid to 100 mi[III 8821.30 mi 0.1 N NaOH + 50 mi boric acid to 100 mi III 9026.70 mi 0.1 N NaOH + 50 mi boric acid to 100 mi II 92$2.00 mi 0.1 N NaOH + 50 ml boric acid to 100 miI 2438.85 mi 0.1 N NaOH + 50 mi boric acid to 100 mi ... III 9640.80 mi 0.1 N NaOH + 50 mi boric acid to 100 mi ___IIr 9843.90 mi 0.1 N NaOH + 50 mi boric acid to 100 mi"Lee | BE
1 Data taken at 20 °C.
2 The pH values reported in these tables have been calculated from the gotantal measuroments{angSorensen’ standard equations (1909). The corresponding pH values aro 6.04 unit higherthan the.tabulated values.
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Table 14.—Cilrate Buffers of Kolthott and Vieeschouwer's
Composition pH—_— Terese | ww0.1 M monopotassium citrate and 0.1 N HCI0.7101 NHC + 50MlC0 0.100 Mh ....coonmmns|| 2243:4 mi 0.1 N HC1 + 50 mi crate to 100 mi II 2236:8 mi 0.1 N HC + 50 mi crate to 100 miI | 28302ml 0:1 N HC + 50 mi ciate 0 100 mi II | 28238mi 0.1 N HC + 50miciate to 100 mi [III | 2817.2 mi 01 NHC1 + 50 mi cra fo 100 mi ee| 89107 mi 01 N HC1 3 50 mi irate to 100 miLe| 3242mI0.1 N HCI + 50 ml Grate 0.100 M1rrr | 380.1 M manopotassium citrate and 0.1 N NaOH20 mI 0.1 N NOH + 50 I GIA10.10 100 MIcnr|| 380m 0:1 N NaOH + 50 mi Sate to 100 ml ee| 3818.3 mI 0.1 N NaOH + 50 mi crate to 100 mive| 4923.7 mi 0.1 N NaOH + 50 mi crate to 100 mires| 42315 mi 0.1 N NaOH + 50 micrateto 100 mi1.5ee| 4439:2 mi 0.1 N NaOH + 50 mi crateto 100 mlree| 4826.7 mi 0.1 N NaOH + 50miciate to 100 mi |Le| 48542 mi 0.1 N NaOH + 50 mi ciate to 100 miLs| 2901.0 mi 0.1 N NaOH +50 ml crate fo 100 miror | 8288.0 mi 0.1 N NaOH + 50 mi crate to 100mi me| 3874.4 mi 0.1 N NaOH + 50 mi citrate to 100mi es| 2881:2 m1 0.1 N NaOH + 50 mi crate 1 100 ml“rors| 89

Data taken at 18 °C.2 Addtinycrystalof thymolor afow millgrame ofmercury,ofmercuric did topreventgrowth ofmolds:
Table 15.—Borate Butter MixtufesofSorensen

Gomposion ” Walbum, pH at
0.05Mborax | 007 N HOI hitrx | of
Lil[ae[Bien| re525. am 000 782 784 735 747soon] AR 200 754 78 7a 778sys] 438 000 8% 837 a0 7388001 400 000 829 83 81 508eso 3% 000 a5 85 840 828room| 3% 200 808 872 ass 840TOI 280 000 880 884 857 850soo BR 000 291 896 877 25aso] 380 200 501 508 ase 5&7S00 ide 200 508 594 894 874S80 00 000 817 52 501 84010007 600 900 92¢ 9% 508 8880. 080 50 834 93 908 588son 08 70 53 838 818 55SUIT 0% 20 950 857 930 962TOU] 8% 30 958 578 si 932sou] 6% 0 057 16.08 S67 52

(B) Test solutions. The chemical substance should be dissolved in
distilled, sterile water with sterile buffer medium added to it. The con-
centrations should not exceed the lesser of 0.01 M or half thesaturation
concentration (see OPPTS 830.7840, Water solubility, shake flask meth-od), and the purest available form of the substance should be employed
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in making up the solutions. The use of mixed solvents is recommendedonly in case substances with low water solubility. The amount of solvent
should be less than | percent. and the solvent should not intertere with
the hydrolysis process.

(C) Glassware. All glassware, which must be inert in the pH range
studied, should be sterilized. Stoppered volumetric flasks (no grease)should be used for carrying out the hydrolysis reactions, If the chemicalor buffer system is volatile, or if the test is being conducted at elevated
temperatures, sealed or septum-closed tubes are preferred and head spaceshould be avoided.

(3) Analytical method. The analytical method will be determined bythe nature of the substance being tested. It must be sufficiently sensitiveand specific to allow determinationofthe different species at the test solu.tion concentrations and may well consist of some combination of pH elec-trodes, UV-visible spectrophotometry, conductivity, gas chromatography,
high pressure liquid chromatography, extraction and formation ofderivative(s), and determination by a suitable analytical method.

(4) Test conditions—(i) Temperature. For extrapolation purposes,it is important to maintain the temperature of the determinations to at least£0.1 °C. An appropriate constant temperature bath should be employed.If the hydrolytic behavior of the substancei uninown, a preliminary testat 50 °C is required. For tests beyond this preliminary stage data for tem-
peratures in the range 0-40 °C are sought. They may be obtained by meas-urement at two temperatures in this range or by extrapolation from threehigher temperatures. In any even, the determinations should be done attemperatures differing from cach other by at least 10 °C.

(i) Light and oxygen. All of the hydrolysis reactions should be car-ried out using any suitable method to avoid photolytic effects. All suitablemeasures should be taken to exclude oxygen (c.g. by bubbling nitrogenor argon through the solvent for 5 minutes before preparation of the solu.
tion). *

(5) Performance of the test—() Preliminary test. A preliminarytest should be performed on the substance at S0£0.1 °C at each of pH
4.0, 7.0, and 9.0. If less than 10 percent of the reaction is observed after
5 days (ti > 1 year), the chemical is considered hydrolytically stable
and no additional testing is required. If the substance is known to be unsta-
ble at environmentally relevant temperatures, the preliminary test is not
required. The analytical method must be sufficiently precise and sensitive
to detect a reduction of 10 percent in the initial concentration.

(ii) Hydrolysis of unstable substances. If the substance is unstableas defined by the preliminary test, the test procedure is to be as follows:
The buffered test solutions of the substance should be thermostattedatthe selected temperatures. To test for first-order behavior each reaction
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solution should be analyzed in time intervals which provide a minimumof six spaced data points, normally between 20 percent and 70 percent
of hydrolysis of that test chemical. The reaction should be examined at
three (4, 7, 9) pH's at each of the selected temperatures with replication
at one of them (the middle temperature in the case of elevated temperature
determinations). -

(iii) Hydrolysis at pH 1.2. The above test for a hydrolytically unsta-ble compound should also be carried out at pH 1.2, employing a single,physiologically significant temperature (37 °C).
(¢) Data and reporting—(1) Treatment of results—(i) Confirma-tion of first order kinetics. Thedata”obtained should be plotted atIogio C, versus t and the reaction rate constant kops calculated by regres-

sion analysis or from the slope:

: Kove = 2.303 x slope
(i) Interpretationofresults.Ifthe datado notfallon astraightline, the reaction is not first order, and the data must-be analyzed by meth-ds beyond the scopeofthis test principle.
(2) Test report. (i) The test report should include information on:

(A) Sample purity. 7
(B) Any results appropriate to the procedure employing reference sub-stances.
(C) Detailed test procedure including the temperature, pH and, bufferfor each setof experiments.
(D) Detailed analytical method used for the tested substance, includ-ingdetailed methodofextractionandrecoverydataifanextraction methodis used to separate the chemical from the aqueous phase.
(E) All concentration-time data points for reactions which were ob-served to originate a nonlinear log concentration-time plot.
(F) Possibility of acid or base catalysis.
(ii) A suggested format for sample reporting form, which can be du-

plicated, is presented:
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in making up the solutions. The use of mixed solvents is recommended
only in case substances with low water solubility. The amount of solvent
should be less than | percent. and the solvent should not interfere with
the hydrolysis process.

(C) Glassware. All glassware, which must be inert in the pH range
studied, should be sterilized. Stoppered volumetric flasks (no grease)
should be used for carrying out the hydrolysis reactions. If the chemical
or buffer system is volatile, or if the test is being conducted at elevated
temperatures, sealed or septum-closed tubes are preferred and head space
should be avoided.

(3) Analyticalmethod. The analytical method will be determined bythe nature of the substance being tested. It must be sufficiently sensitive
and specific to allow determination of the different species at the test solu-
tian concentrations and may well consist of some combination of pH elec-
trodes, UV-visible spectrophotometry, conductivity, gas chromatography,
high pressure liquid chromatography, extraction and formation of
derivative(s), and determination bya suitable analytical method.

(4) Test conditions—(i) Temperature. For extrapolation purposes,
itisimportanttomaintainthetemperatureofthedeterminationstoatleast
20.1 °C. An appropriate constant temperature bath should be employed.
If the hydrolytic behavior of the substance ¢ unknown, a preliminary test
at 50 °C is required. For tests beyond this preliminary stage data for tem-
peraturesintherange0-40°Caresought.Theymaybeobtainedbymeas-
urement at two temperatures in this range or by extrapolation from three
higher temperatures. In any event, the determinations should be done at
temperatures differing from each other by at least 10 °C.

(ii) Light and oxygen. All of the hydrolysis reactions should be car-
ried out using any suitable method to avoid photolytic effects. All suitable
measures should be taken to exclude oxygen (e.g. by bubbling nitrogen
or argon through the solvent for $ minutes before preparation of the sofu-
tion).

(5) Performance of the test—() Preliminary test. A preliminary
test should be performed on the substance at 50+0.1 °C at each of pH
4.0, 7.0, and 9.0. If less than 10 percent of the reaction is observed after
5 days (tiz > 1 year), the chemical is considered hydrolytically stable
and no additional testing is required. If the substance is known to be unsta-
ble at environmentally relevant temperatures, the preliminary test is not
required. The analytical method must be sufficiently precise and sensitive
to detect a reduction of 10 percent in the initial concentration.

(ii) Hydrolysis of unstable substances. If the substance is unstable
as defined by the preliminary test, the test procedure is to be as follows:
The buffered test solutions of the substance should be thermostattedat
the selected temperatures. To test for first-order behavior each reaction
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solution should be analyzed in time intervals which provide a minimumof six spaced data points, normally between 20 percent and 70 percentof hydrolysis of that test chemical. The reaction should be examined at
three (4, 7, 9) pH's at each of the selected temperatures with replication
at one of them (the middle temperature in the case of elevated temperature

determinations). :

(iii) Hydrolysis at pH 1.2. The above test for a hydrolytically unsta-ble compound should also be carried out at pH 1.2, employing a single,physiologically significant temperature (37 °C).
(¢) Data and reporting—(1) Treatment of results—() Confirma-tion of first order kinetics. The data’ obtained should be plotted atlogo C versus t and the reaction rate constant koss calculated by regres-sion analysis or from the slope:

: kos = 2.303 x slope.

(ii) Interpretation of results. If the data do not fall on a straightline,the reactionisnot firstorder,andthedatamust-beanalyzed bymeth-‘ods beyond the scopeofthis test principle.
(2) Test report. (i) The test report should include information on:
(A) Sample purity. 7’
(B) Any results appropriate to the procedure employing reference sub-stances.
(C) Detailed test procedure including the temperature, pH and, buffer

for each set of experiments.
(D) Detailed analytical method used for the tested substance, includ-ing detailed methodofextraction and recovery dataifan extraction method

is used to separate the chemical from the aqueous phase.

(E) All concentration-time data points for reactions which were ob-served to originate a nonlinear log concentration-time plot.
(F) Possibilityofacid or base catalysis.
(il) A suggested format for sample reporting form, which can be du-plicated, is presented:
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DATA SHEET FOR HYDROLYSIS STUDIES
Laboratory:

Date:

TestSubstamce:
Formula:
Name (IUPAC):

Test protocol
A. Preliminary test :

YO ee.

: no_____

buffer systems used: _ .
pH4O___ -
TO -

pHOO 7

Approximate saturation concentration PH

ot CI TT

Fe— p—
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B. Determination

Separate runs at pH 4.0, 7.0, and 9.0 at the chosen temperature(s)
with replication at one of these (the middle temperature in the case of
determination at elevated temperature). The same format whould be used

foreach pH.

Buffer solutionused______

Temperance,
Approximate saturation concentration,

tt 10

Hydrolysis at pH 1-2

Buffer solutionused_______ ~~

PH 000

‘Temperature, SE t—

Approximate saturation concentration,

tr 10

Final data |

EEEPH Co stant, Kon ofcorrela-

|= heres! =| -
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C. Report on test method
Provide detailed description of the experimental conditions, .g. for main-
taining sterility; to avoid photolytic effects; to exclude oxygen; to prepare
the test solution, etc. (Please use separate sheetof paper.)

Analytical combinations used

h h

PH GIBCHOUES cer|rss

Uv-visible ‘

High pressure liquid

Extraction and forma- 7

Details of the analytical performance:

‘Type of apparatus

Test conditions

‘Was the accuracy of this result determined in any additional way ?

Particular incidents:

Comments:
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(f) References. The following references should be consulted for ad-
ditional background material on this test guideline.

(1) Kolthoff, LM. and Laitinen, H.A. pH and Electro-Titrations, 20d
Ed., Wiley, pp 34-36 (1941).

(2) Mabey, W. and Mill, T., Critical Review of Hydrolysis of Organic
Compounds in Water Under Environmental Conditions. Journal of Phys.
ical Chemistry Reference Data 7:383-415 (1978).

(3) Gomaa, HM. et al. Kinetics of Hydrolysis of Diazoxon. Residue
Reviews 29:171 (1969).

(4) OECD Document A80.30, Suminary of OECD-EEC Laboratory
Intercomperison Testing Programme, Part 2, Umweltbundesamt, Berlin,
May 1980.
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1.1 This procedure defines the steps for preparation and analysisof2-(V-
methylperfiuorooctancsulfonamido)-cthyl acrylate (MeFOSEA) from aqueous
hydrolysis by gas chromatography with atomic emission detection (GC/AED).

1.2 Acceptable Matrices: Aqueous solutions at various buffered pHs.
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2.1 One milliliterofbuffered aqueous sample from the hydrolysis of MeFOSEA is
quenched with 0.5 mL isopropyl alcohol (IPA) and extracted with 10mLhexane. A
portion (1-2 mL)ofthe separated hexane phase is dried through an anhydrous
sodium sulfate column and then analyzed on a gas chromatograph with an atomic
emission detector.

0Depwmons 00

3.1 Duplicate analyses. Analyses or measurementsofthe analyteofinterest performed
identically on the same sample. The results from duplicate analysesareused to
evaluate analytical or measurement precision but not precisionofsampling,
preservation or storage intemal to the laboratory.

3.2 Sample duplicates. Two samples taken from and representativeofthe same sample.
sourceandcarried through all stepsofthesamplingand analytical procedures in an
identical manner. Duplicate samples are used to assess varianceofthe total method,
including sampling and analysis.

3.3 Matrix spike. Prepared by adding a known mass oftarget analyte to specified
amountof a sample matrix for which an independent estimateoftarget analyte
concentration is available. Matrix spikes areusedto determine the effectofthe
matrix on the methods recovery efficiency.

3.4 Solvent blank. A sampleof analyte-free mediumtowhich all reagents are added in
the same volumes or proportions as used in sample processing but is not carried
through the complete sample preparation and analytical procedure.

35 Continuing Calibration Verification (CCV). A standard analyzed periodically
during an analytical run to verify the continued accuracyofthe calibration curve.
‘This solution may be prepared from a different sourceoflot number than the
calibration curve standards.

3.6 Limit of Quantitation (LOQ). The lowest concentration that can be reliably
achieved within specified limitsof precision and accuracy during routine laboratory
operating conditions. It may be nominally chosen within these guidelines to simplify
data reporting. For many analytes, the LOQ analyte concentration isselectedas the.
Towest non-zero standard in the calibration curve. Sample LOQs are highly matrix
dependent.
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41 Health and Safety Warnings:

4.11 Wearthe proper lab attire for al partsofthese procedures. Wear gloves at
al times.

412 Handle all solvent in a hood for all partsofthe described sample
preparation procedure.

413 For potential hazardsofeachchemical used, refer to material safety data
sheets, packing materials and 3M Environmental Laboratory's Chemical
Hazard Review.

41.4 Usecarewhenworking with GCAEDbecausehigh temperaturesand
ultraviolet light are present.

42 Cautions:

42.1 Rinse with solvents al glassware usedtopreparestandards to reduce the
possibility of Contamination.

S0IvemegmeNces00000000
5.1 Contaminantsinsolvents,reagents, glassware,andothersampleprocessingor

analysis hardware may cause interferences. Routinely analyze laboratory solvent
blanks to demonstrate that no interferences are present during the analysis.

60 Eovemenr 0000
6.1 Balance, capableofmeasuring to 0.1 mg.

62 Shaker, incubating, capableofholding at 50°C + 3°C.

63 pH meter, Corning Model 308 pH/Temperature Meter with 3-in-1 gel filled
combination electrode (pHlreference/temperature) or equivalent.

6.4 Gas Chromatograph, HP 5890 Series I, with HP 5921A Atomic Emission Detector
(AED) or equivalent.

65 Column, J & W Scientific Incorporated, DB-SMS, 30 m x .25 mm x .25 pm or
equivalent

Method ETS-8.900 Page30r13Subiltyof MeFOSEA by GC/AED.
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6.6 Data Recording System, HP ChemStation Rev. A.05.04 with Windows NT
software.

6.7 Autosampler, HP 7673 or equivalent.

68 Clock.

20sureuesasoMavemws0000

7.1 Autoviels, crimp top, 1.5 mL.

7.2 Vials, glass screw top, 40 mL, 1-CHEMor equivalent.

7.3 Labels, Avery 5160 or equivalent.

74 Graduatedpipettes, glass, disposable, various sizes.

7.5 Pasteur pipettes, glass, disposable.

7.6 Volumetric flasks, various sizes.

7.7 Beakers, glass, various sizes.

80REAGENISANDSTANDARDS0

81 Buffer solutions
Prepare the buffer solutions in 1000 mL quantities. Adjust pH with NaOH or HCL
Use a portable pH meter to calibrate all buffer solutions. Record final pH
measurementsof buffers. Store the buffer solutions in scaled 1000 mL flasks.
Prepare buffers a follows:

8.11 pH15£03

#) 250mLof0.1 MHC,
b) 125 mLof02 MKC,
© Bring toa final volume of1L with ASTM Type I H,0.
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8.1.2 pHS.0£03

a) Dissolve 3.57 g ammonium acetate in 200 mL ASTM Type I H,0.
b) Add 230 mLof0.052 M acetic acid (3 mL glacial aceic acid into 1 L

ASTM Type 1H,0)
© Bring toa final volume of1L with ASTM Type I H,0.

813pH7.0+03

a) Dissolve 7.9 gTrizma®-HClin 200 mL ASTM Type I HO.
b) Adjust pH to 7.0 with O.IN NaOH.
© Bring oafinalvolumeof1 LwithASTMTypeIHO.

814 pH9.0£03

a) 46mLof0.1 NHCL
b) 125 mL of0.1M borax (sodium borate, 10 hydrate).
© AdjustpH109..
d) Bring to.a finalvolumeof1 LwithASTMType IHO.

215pH 11.003
a) 250mLof0.1 NNaOH.
b) 250mLof0.1Mborax.
© AdjustpH1o 110.
d) Bring to.a finalvolumeof1 LwithASTMType IHO.

82 Acetone, spectroscopy grade or equivalent.

83 IPA, spectroscopy grade or equivalent.

84 Hexane, 85% n-Hexan, spectroscopy grade or equivalent. Use hexane in post-
injection solvent washes for the GC/AED. Prepare a one L hexane solution
containing 10 mLof IPA (hexane-1% IPA) to use for extraction and for solvent
blanks
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8:5 MEFOSEA, prepared in acetone, approximately 10,000 ppm. Weigh 0.1 g of
MeFOSEA and dissolve in 10 mL acetone. Use this solution for calibration
standards, test analyte samples and spikes.

8:6 Sodium sulfate, anhydrous, 60 mesh, reagent grade.

9.0 SAMPLE HANDLING

9.1 Handle all samplesandstandards in a well-ventilated arca. Wear gloves when
handling solutions.

9.2 Prepare hydrolysis sample prep worksheetsforeach sample set. (Attachment A.)
Prepare a tracking schedule for sample extraction.

9.3 Analyze all samples assoon aspossibleaferextraction.Ifsamples cannot be
analyzed immediately, store in refrigerator at approximately 4°C.

100QuauryConreor,

101 Solvent blank. Prepare solvent blanks (hexane-1% IPA). Thisservesas an
instrumental checkforany analyte carryover.

102 Duplicates. Prepareasampleand a duplicate. Perform two injectionsofcach.

10.3 Matrix spikes. Prepare a post-hydrolysis matrix spike for cachofthe pHs used in
the study. Perform two injectionsofcach spike.

104 CCV. Runa CCV every 15 or fewer injections.

11.0 CALIBRATION AND STANDARDIZATION.

11.1 Standard preparation. Prepare six calibration standards of MeFOSEA. Standards
from approximately 1.6 to 32 ppmaresuggested.

11.2 Calibration standards. Analyze calibration standards at the beginning ofthe run.

11.3 CoefficientofDetermination. The acceptable coefficientofdetermination (7) is
0.990 or greater. Curves should be examined closely for linearity and intercept,
particularly for accuracyof quantitation at the high and low endsofthe curve,

MethodETS-8.900 Page6or13Suabiliyof MeFOSEA by GU/AED
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12.1 Sample preparation.

12.11 Establish time points for sample analysis. Typical time points are at days
0,1,2,7,14,21and 28.

12.12 ForcachpH tobetested,setupthe 40mL I-Chemvialstoallowfora
sample,a duplicate and a spike for the durationofthe experiment, Each
time point has 3samplesperpHand five pHs foratotal of15 vials per
time point.

12.13 Create labels andaffixto vials. Label information should include date, a
sample number; the pH; whether the vial contains sample, duplicate or
spike; the time point; and the initialsofthe analyst. An example using
June 15, 1999 is: 61599-MeFOSEA-002

PH1S
Duplicate
Day 0
ccL

12.14 Remove vial cap. With apipette, add 1mL ofbufferto the bottomofeach
vial, taking care to avoid the wallsof the vial. Always replace cap
immediately after any addition to minimize evaporation.

1215 Using a 25 uL gas-tight syringe, add 104LofMeFOSEA test analyte
solution toeachvial with buffer, exceptfor those markedDay 0. Tilt the
vial50thebuffer runs tooneside ofthebottomofthevial. Addthetest
analyte solution on the opposite sideofthe vial, away from the buffer.

12.1.6 Prepare time zero samples when adequate time is available to immediately
‘quench the samples. Set up each sample individually. Extract cach one:
with hexane-1%IPAbeforestating another to geta true time zero

12.0.7 Fill out hydrolysis sample prep worksheets (Attachment A) for each
sample set.

12.1.8 Place the samplesin the S0°C incubator. Set for 100 rpm shaking. Note.
time, date, and temperature on worksheets.

12.19 At the specified time point, remove samples from the incubator. Let cool
10 room temperature for 15 minutes

12.110 Add 10 kLofthe MeFOSEA spike solutiontothe bottomofeach spike.
vial 50 it mixes with buffer.

Method ETS-8.900 Page of 13Sabilty ofMeFOSEA by GU/AED.
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12.1.11 Add 0.5 mLof IPA to all vials. Swirlto mix.

12.1.12 Add 10 mLofthe hexane-1% IPAto vials. Recap vials and shake
vigorously for 10-15 seconds. Let settle for | minute. The water phase is
on the bottom;the hexane phase is on the top.

121.13 With a pipette, pull offa portion (1-2 mL)of the top phase. Dispense the
hexane onto a column consistingofapproximately1 inch height ofNeiSO ins Pasteur pipette, Allow to hexane extract io low rough the
column intoa prelabeled autovial. Use two autovials per sample. Cap the
‘vials. Storeonesetofvialsin the freezer at approximately -20°C. Place
the other setofvials in the autosampler for analysis. Ifsamples cannot be
immediately analyzed, store in refrigerator at approximately 4°C.

122 Solvent blanks.
122.1 To 40mL I-Chem vials, add 10mLofhexane-1%IPA. Analyze in the

‘same manner as the samples.

12.3 Sample analysis.

12.3.1 Install the analytical column and establish instrument conditions. Allow
the system to equilibrate for 30 minutes before starting the analysis.

TABLE 1. SUGGESTED GC CONDITIONSFORSAMPLE ANALYSES
[PAmamETeR TT SUGGESTEDVALUE |

I—— Te
I—
I— LC ——

[OvenProgram]— |
I— ET —
I—
I—LL ——
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12.3.2 Set head pressure for a linear velocity through column between
28-32 cm/sec.

TABLE 2. SUGGESTED AED CONDITIONS FOR SAMPLE ANALYSIS
[__Pamamemer TTSuGGESTEDVALUE|

ToC
[Coie Tac
EE —
ET — LL —
I—I—
[OFtme—[3sommim

Carbon 193, Sulfur 181, Nitrogen 174
spoons Jswe

12:33 TABLES. SUGGESTED AUTOSAMPLERConorTIONs
ORSAILEARATE

[Pom Soma]
uate econ em]

[Samplewashes: 1
ET — ——

[injectionvolume: Top
I— ET ——ET
ICS —
Post Injection Sol A washes: [4(rear)7]
Post injection Sov B washes: [4(hexane) 1]Viscontydelay: oePingersped fas |

12.3.4 Enter the standard and sample information into the sequence table.
Analyze calibration standards first, then a sample set of 15or fewer
injections, followed by either the continuing calibration verification
standard or by the full setofcalibration standards. Run a solvent blankerhe highest clbation sandud and aferto151 four
injections to check for any analyte carryover.

[or PeoriaSub orMAOSEA oy GOAED
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12.35 Placethe standards, samples and QC (duplicates, matrix spikes, and
blanks) into the autosampler tray according to the order they are listed in
the sequence tableofthe HP ChemStation.

12.3.6 Start the sequence.

BoDamaAvayss000

13.1 Matrix spike recoveries. Calculate spike recoveries using the formula below:

(spiked sample result— samplereal)
recovery =ee100

actaspiked amount

13.2 MEFOSEA concentrations. Calculate the concentrationofMeFOSEA in the
hexaneextractby extemal method using the calibration curve.

13.3 Data plot. Obtain a plot ofMeFOSEA concentration in the hexane extract as a
functionof time for each pH. Use these data for degradation rate determinations.

140METHODPERFORMANCE

14.1 Solvent blanks. The measured value for the solvent blank should be less than half
the LOQofthe method.

14.2 Sample duplicates. The warming limits are the average * twice the relative percent
difference. The control limits are the average three times the relative percent
difference. Ifthe lower valueofthe waning or control limit calculates to be less:

than zero, usezeroasthelow limit.

14.3 Matrix spikes. The recovery waming limits are the average spike recovery twice
the standard deviation. The recovery control limits are the average spike recovery +

threetimes the standard deviation

144 CCV. Analyze a mid-range calibration standard and a solvent blank after 15 or
fewer sample injections and at the end ofthe run. Ifthe percent difference for the
amount ofmeasured analyte exceeds + 25%ofthe tru value, relative to the initial
standard curve, stop the run. Use only those samples analyzed before the last
acceptable calibration check standard. Reanalyzetheremaining samples with a new
calibration curve.

Method ETS.£300 Page 100f13Sabily of MeFOSEA by GUAED
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14.5 Coeflicient of Determination. The coefficientof determination () should be
0.990 or greater. The curves should be examined closely for linearity and intercept,
particularly for accuracyof quantitation at the low and high endsof the curve.

14.6 LOQ. The LOQ is equal to the lowest standard in the calibration curve.

15.0POLLUTIONPREVENTIONANDWASTEMANAGEMENT

15.1 Disposeofsample waste according to acceptable laboratory practice. Refer to the
3M Waste Stream procedure for further information.

l6ORecoros00000

16.1 Print out hard copies ofall graphics and data analysis summaries for archiving.

16.2Signanddateallgraphicsandlabelwith instrumentID.

16.3 Record sample weights and extraction information on the hydrolysis sample prep
Worksheets (Attachment A).

16.4 Print out the sample sequence table, reduce the size with photocopying and tape the
‘photocopyintotheinstrumentlog.Keepalltheoriginal copiesintherawdatafiles
package.

16.5 Print chromatogramsandintemal standard reports for all analyses.

16.6 Print calibration tables and curve information and storein raw data file.

16.7 Store hydrolysis sample prep worksheets in the raw data file.

16.8 Enter all standard preparation information in the standards preparation logbook.

16.9 Backup all electronic data to appropriate media.

17.0TABLES,DIAGRAMS,FLOWCHARTS,ANDVAUIDATIONDATA

17.1 Method validation has not been performed for this method.

Meda ETS8900 Page thartsSabily ofMeFOSEA by GCIAED.
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18.1 Fate, Transport and Transformation Test Guidelines, Officeof Prevention,
Pesticides and Toxic Substances. (OPTS). 835.2110. Hydrolysis as a Function of
pHand Temperature. EPA. 712-C-98-057. January 1998.

18.2 Fate, Transport and Transformation Test Guidelines, Office ofPrevention,
Pesticides and Toxic Substances. (OPPTS). 835.2130. Hydrolysis as a Function of
‘pH and Temperature. EPA. 712-C-96-09. April 1996.

18.3 HandbookofChemical Property Estimation Methods. RateofHydrolysis. pp. 7-1
through 7-48.

184 CRC HandbookofChemistry andPhysics, 15 Student Edition. “Buffer Solutions
Operational Definitionsof pH." Robert C. Weast, Ph.D. 1988, p. D-87.

190AprecreoDocumests000000

19.1 None

20.0 Revisions

Revnumber Revision reason Revdate
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Fluorochemical Degradation (Hydrolysis) Analysis
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Appendix C: MeFOSEA Sample Preparation Logshests
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Appendix D: GC/AED Chromatograms
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Appendix E: Spreadsheets: GC/AED Results

Pr ——— ootConyooloss
000085



MoFOSEA GC/AED results
Notethatauch exactwasfcied in duplicat.

sH180ATA
uplkarecovery RED.

Sample number MorosEA av forMaFOSEA” _calcustons.OTROS oe tgipen HMGFONEA _eseustons112398 MFOSEATO sse1
0 112308MeFOSERDZ sez sss112338MOFOSER202 9858
0 112398MoFOSERD03 o72 sor ~

112306 MOFOSEA03 10132
084 112308 MeFOSEAIS 7500 7208 53112308MOFOSEADTS 021
034 112308 MOFOSERDT? 8079 oz

112398MOFOSER17 ams
084 11239 MeFOSEATIB ss19 ost we112358 MOFOSEADTS. 054
192 112308 MerOSEADS 7502 754

112306 MOFOSER.031 7608
192 1120MFOSEAGS2 812 78%

112358 MoFOSEAD32 7868
192 112390 MeFOSEAGS) 7587 a1 we112338 MOFOSEAD33 738
672 112308 MoFOSERDIS ssa7 502 3s112338 MOFOSEA 348 sa67
672 112300MoFOSEADST am sao

112338 MOFOSEAD7 580
672 112358 MoFOSEADIS set sss I112388MOFOSEA48 ssi0
1380 11298MeFOSEAOS! azn am as112336MoFOSEA081 Yas
1350 112308 MOFOSEA02 as asm

112338 MoFOSEA082 “a0
1990 112396MFOSEAQ8Y 5320 sau we

112358 MoFOSEA083 ste
2071 112308 M0FOSERDTS su 3847 ae112338 MOFOSEAD7 3850
2071 112308MoFOSEADTT 5058 sont112358 MOFOSEADT? S000
2071 11208MOFOSERDTS 12982 12874 75112338 MOFOSEADTS 12795
277 11235MeFOSEALS! 2784 2785 23112338 MOFOSEA 91 286
2077 112308MoFOSER0S2 353 380s112398 MoFOSEA092 ry
277 112398MoFOSER0SD san na #0112398 MOFOSEA093 Ta1s4

000086



MeFOSEA GC/AED results
Noe at aac exactvas cod pit

stsnara
eptamcowry 800mumbo Werosea em) svge pom erMerosta”_casmtens— ota _loMIOIA_ctedtoreTisetarosthon oz0 Dimeveroscadms ose woesHissvarostaces oie0 Dieeroscams fio] oss wHissvaroseross oe

[— ous oer 0Hisswaroseaons brose TimearosEadss pe osuHiwaroseros teos TrssmirosEAGH He oss wHi roseron i
19 vssseroseadse on sos osHisemroseron i10 srs pr sosisms roseamss 40 serosa a sou wss roseadss i
en sroseacs 7510 san aiss arosEaces fean Diwrostad Sh 710Hissswroseros Trean IieerosEade! he san wss aroseasst ie
10s assuerosEAdse rast ram osiss eroseases aio nisswrosEAGs Tank raismstaroseases Trio Nsewrostaos 7 710 wTissvaroseases satin
wm vasewsroseRdrs sition sm ssisms arosEAdTs Chom iss rostass ti ssisevaroseasss iom iseerostaser we oes 2Hissvaroseron ee
am vassevaroseadss sus ssa I.sss rosEados pd2m risesvarosEas Fr somHissswaroseaon ioeom is roscadss Ew we wsNisvrcsexon "

600087



MeFOSEA GC/AED results
Not rtosc axvactwas iactnd n pice.

szoATA
Raplorcovry XPDnumbar arose a Tor aFOSEA. _ clcustonstoateWIONA_ctcuatons

112396 MaFOSEAQDT 1073
© 12MerOSERDD Tou To

12388UoFOSER008 Toss
0 iizeeMerosEAd 04s T0819 w112308MaFOSEA0% Tos

034 112seMerOSEA0Z ss 519 08IZ UFOSERTZ2 2503
034 112358MUFOSEAOZ) se ser

112368HFOSERGEY ssi
094 11Z368HFOSERTEA 9023 sss w

11239 MaFOSER24 sen
192 TZGMAFOSEADY vos

zeswerosEADy  CIMRMEI EES, ies
182 112388MeFOSEACSS FBT ay OTH EE

ZBMRFOSEADY {iba
[EERIE Ye

ize arOSEAT [PEA eT
672 rizsemrosEAdsz ssw 670s 211238MFOSERGS2 sen
672 112308MaFOSEADSS 5410 sas

112358MeFOSEAS3 5502
672 1iziSeMarOSEAGSH 547 sa Ia112396MeFOSEADS4 san
1390 112396MaFOSEASGT ar ner 0

112358MAFOSEAST 450
13% 112398 NaFOSEAGS am am

112306 MaFOSEA SS 0
13% 11298MaFOSEASS ss ss wn112306 NaFOSEA0S sses
2071 rizssmeroseacs son ses 20112396 MaFOSEAS2 do
071 1128MaFOSEARS asi 38

112396 MarOSEA083 a32071 112390MaFOSER.0B4 sz oa ws112356 MarOSEA 084 eet
27 viseMaroseacer 1558 2000 20112396 MaFOSEAST 200
27 sizeMerOSEA DRS 2021 200

112396 NaFOSEA098 2000
277 izeMerOSEATH 1was0 so 1143112398MoFOSEAGED 1408

Rest forDay 1.62wrenoincoed re grph, uebofe GCrr.

000088



MeFOSEA GCIAED results
Nes ht cnexactscidin pice

SHADATA.
apn cory 500Sump purer MrOSCAGpm) _ svarsgepom oreroSER”_ catctons— Re pm Sn rifosth eetBe aFOSEAOTD aie0 irzmeMeroSEADIT a) as{iain aroSEAOT! Tos0 irzmeerosAon 0313 soos wiain arosEActs Seer

ose viveueroseas Toss aes asiain aroSEA 02S fmom iissMaroSEAdzs Tae wom12300NarOSEAOZS Tooss034 indarosEaos a7 assanwaroSEACz a
192 tizseMerOSEALD amr ss wrzen aFOSENOR 4132 ievarosEaon 25 raT1230MarOSEADH ie192 Diseverostao Ti wii varoseaais Ti
on vmmeuesoseass sw sou noi530 arOSEAGSS ioam Dienvarosacss ir ssoT1530 arosEncse S062on lizaeerosEAcs am son wi arosendsy sa
199% tizsoMerosEATD we ars 1sT1530 HarOSENTT0 oe1990 1iEOMarOSEADTT es as11530 arOSERTTT pr1090 {iEeMarOSEA 2560 200 wii aroseaars ie
71 rieveroseass 260 2s 10sTio aroseaces osJr Tisserosiadss ie 2mT1530 arosendss 271 izaroseadsy hie nam aTi arosendsy Na
77 esesoseaio 2am 2m 0s11530 rOSEA 100 2m777 se erosEnor pot] 230iiasedaroSEn To! 2mr Tieerosa le 7a os wsian arosEA 103 Nm

000039



MeFOSEA GC/AED results
Ne aoc vitas acti ica

sstoams
Sophamcory nroa Surptonmier arose avr ‘rMaroSEn” _cacumonsytpnrose cleiiensTsevarostacrs Tose0 limswmrosaons Ji asisurostaots ow0 liewrostaots oie ss “issvaroseas's Soe

oo riassueroseads son sao 5everostacss Soeao Trost She oseverostaes oeao Tirmmerostad he sz “Tissvaroseasss on
19 rswrosEAs 3s soz neism arostacis re10 Dseerostasi is [ism aroseacis is10 seerostasis oe so wHiss arosexoss b+
on rassewsroseasss sor soHisswarosixos thon Dmeroscadss Som sassHisswarosexos teon Dinseroscass Br sus -maroseasss eH
so zs rosEA0Ts sm ss 2sim aroseadrs Siio is rosaos in smim aroseads Soio Hisswroserors 5 sere -Tissvaroserors Su
—— 210 220 =zHisstmrostaoss Heori Hiseimrosaos Se 250Tisotaroseaoss Frori Hieierosaos fri eis as .Tistmrostaos fe

am vssemroseAtos 2208 2m I.isetaroseatos Haam iserostatot pe 2sTissvarosea tos a2 Hise erosEatis ao as osiestrosears IH

000090



QA/QCcalculations
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Appendix F: Spreadsheets: Calculation ofKinetic Parameters
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