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GLP Compliance Statement

Analytical Laboratory Report Title: Determination of the Presence and Concentration of
PFOS in Serum and Liver Samples of Cynomolgus Monkeys

‘Study Identification Numbers: T-6295.22, FACT TOX-160, LIMS-E00-1668

‘This study was conducted in compliance with United States Environmental Protection
Agency (EPA) Good Laboratory Practice (GLP) Standards 40 CFR Part 792, with the
‘exceptions in the bulleted list below.

Exceptions to GLP compliance:

«There were two study directors in this study. This study was designed as four
‘separate studies. The in-life study phase was considered to end at the generation
and shipment of specimens. The analytical study phase was considered to start at
the receipt of these specimens for analysis. This resulted in having two separate
‘study directors, one for each phase of the same study. However, since the
technical performance of each phase was entirely separate, no effect is expected
from this exception.

«There were two in-life studies and two analytical studies that utilized the same test
system. These studies include in-life studies Covance 6329-223 and Covance
6329-268 and analytical studies FACT-TOX-030 and FACT-TOX-160.

«Thepurity and stabilityofthe reference standards are not included in this report,
they are not known at this time.

ndChndites T)_Saeal May 32 pon
‘Andrew Seacat, Ph.D., Study Director
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John Butenhoff, Ph.D., Sponsor Representative Date
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GLP Study—Quality Assurance Statement

rgie fraud
PFOS in Serum and Liver Samplesof Cynomolgus Monkeys.

‘Study Identification Numbers: T-6295.22, FACT TOX-160, LIMS-E00-1668

This study has been inspectedby the 3M Environmental Laboratory Quality Assurance
Unit (QAU) as indicated in the following table. The findings were reported to the‘studyEat
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Study Personnel and Contributors

‘Study Director Sponsor
Andrew Seacat, Ph.D. 3M Corporate Toxicology
3M Corporate Toxicology 3M Medical Department
Building 220-2E-02 ‘Building 220-2E-02
St. Paul,MN55144 St. Paul, MN 55144

John Butenhoff, Ph.D., Sponsor Representative

Analytical Chemistry Laboratories
Sorum and LiverAnalyses SorumandLiverExtractions
3M Environmental Laboratory (3M Lab) Pace Analytical Services, Inc.—Tier2 Facility
Lisa Clemen,PrincipalAnalytical Investigator

3M Lab Contributing Personnel

Rhonda S. Dick* Ognjenka Krupljanin®
Kelly Dorweiler* Kelly J. Kuehiwein®
Kristen J. Hansen Sally A. Linda*
Marlene M. Heying* Bob W. Wynne"
Harold O. Johnson
“Conractia pressions sav apiopees
Location of Archives 2

All original raw data, protocol, and analytical report have been archived atthe3M Environmental
Laboratory and will be retained according to 40 CFR Part 792 requirements. The test substance
and analytical reference standard reserve samples, as well as the specimens pertaining to the
analytical phase of this study are archived at the 3M Environmental Laboratory and will be retainedaccording to 40 GFR Pant 792 requirements.
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Introduction and Purpose

“The purpose of the study is to datermine the presence and concentration of PFOS in cynomolgus‘monkey sera and liver samples taken from Covance study# 6329-268, “Extended Recovery StudyFollowing a 26-Week Capsule Study with Perfluorooctane Suifonic Acid Potassium Salt (PFOS; T-6295.22) in Cynomolgus Monkeys. The animals from study 6329-268 were previously assignedto a completed in-lfe Covance study# 6329-223, “26-Week Capsule Toxicity Study with
Perfiuorooctane Sulfonic Acid Potassium Salt (FFOS; T-6295.7) in Cynomolgus Monkeys” and a‘completed analytical study# FACT-TOX-030, “Analytical Laboratory Report from the 26-WeekCapsule ToxicityStudy with Perfluorooctanesulfonic Acid Potassium Salt (T-6295.7) in Cynomolgus.Monkeysonthe Determinationofthe Presence and Concentrationof Perfluoroocianesufonate(PFOS) in Liver andSerum Samples”. During study 6329-223,theanimes received 0.15mg/kg/day of PFOS as a single daily Capsule dose for at least 26 weeks followed by a 52-weskrecovery. At the end of the initial recovery the animals wer transferred to a follow-up study
(Covance 6329-268, T-6295-22) for evaluation of extended recovery. Animals were not treated inthe follow-up study.

‘The sera and liver samples for this study are the product of the in-ife recovery study completed by‘Covance Analytical Research Laboratories under study 6329-268 (T-6295.22). Analyses of sera‘and iver samples were completed by the 3M Environmental Laboratory under study number FACT-‘TOX-160 (E00-1668), and the resis of these analyses are presented n this report. The analyticalportion of this study was initiated on 27 August, 2001.

Table 1. Study Timeline

esRecovery Extended Recovery

SM Environmental Laboratory Paces
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Specimen Receipt and Maintenance

“The3M Environmental Laboratory received cynomolgus monkey specimens collected at the end ofthe in-Ife study #6320-268 from09 May, 2000 to 15 March, 2001. All specimens wer receivedfrozen in good condition on dry ice and were immediately transferred to storage at -50°C = 20°C.‘Specimens that were extracted at Pace Tier2 were shipped frozen on dry ice.

‘Table 2. Cynomolgus Monkey SpecimenReceiptfor Study (#6329-223)
[Roce | Tnepor | specimen | amberrecs |
[oso |Weeks| Som | 4 |
[o7oa0|Weoki7 |”Senmirmeeces| amis |
[om000|Weok2s| Sowm | 4 |
[102400 |"Weok33|SenmiurnerFecos| wma |
[Zero|“Weskat| Sewn | 4 |
| ariaot |"Weeks3|SeruminelFeces| ais |

[Lherung[4%]
[KoneySpieen| wa |

[AbdominaiFat| 4 |
[HeanBle| wa |

5 additonal vals
from sample 105552

‘Control matrices used in sera and liver analyses performed during FACT-TOX-160 were obtainedfrom commercial sources and are presented in Appendix A. Samples analyzed at the 3M
Environmental Laboratory will be stored and maintained at the laboratory according to 40 CFR Part
792 requirements.

3M Environmental Laboratory Pace 9
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Chemical Characterization of the Reference Substance

Potassium perfluorooctanesulfonate (KPFOS)
‘GAS Number: 2795-36-3

Chemical Formula: CaF 805K" Molecular Weight: 537.9
Chemical characterization information on the reference substances KPFOS used in thisstudy ispresented in tabular form below.
Table 3. Characterization of the AnalyticalReference Substances In Study FACT-TOX-160

PrOS | (Surogate Standard)
Substance | noe| TcRoooross

[own | a0| mows |
[Eprmonnme| casos| wo |

[Ee[otto| acu |Conctons | oncurree| emceio

Ee)[on[rower| weer |
low 1 ow| w10 ara 5

EEE pwntomar tr Aer.
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Sample Preparation and Analysis

Sora Analyses
As per the study protocol, all serum samples were analyzed In this phase study.
‘Sera samples were extracted beginning on 31 August, 2001 using an ion pairing reagent andmethy-tertbutyl ether (IBE). Sample extracts were analyzed using high-performance liquidchromatography-electrospraytandem mass spectrometry (HPLC-ESMSMS) in the mtiple reactionmode versus an extracted rabbit sera curve. PFOS levels were quantitated by external calibration.

Liver Analyses.
As per the study protocol, al liver samples were anelyzed in this phase study.
Liver samples wereextractedbeginningon05 September, 2001 using anionpairing reagent andmethyl-ertbutyl ether (VIBE). Sample extracts were analyzed using high-performance liquidchromatography-electrospraytandem mass spectrometry (HPLC-ESMSMS) in the multiple reactionmode versus an extracted rabbit liver curve. PFOS levels were quantitated by external calibration.

Method Summaries

Following is a brief description of the methods used during this analytical study by the 3M
Environmental Laboratory. Detailed descriptions of the methods used in this study are located inAppendix C. g

3M Environmental Laboratory
PREPARATORYMETHODS
«  ETS-84.2, “Extractionof Fiuorochemical Compounds from SerumforAnalysis Using HPLC-

EloctrosprayMass Spectrometry”

Analytical samples were extracted using an fon-pairing extraction procedure: An ion-pairing
reagent was added to a laboratory sample and the analyte ion pair was periioned into methyl-
tortbutyl-sther(MBE). The MIBEextractwas then removed and put nto a nitrogen evaporator
unil dry. Each extracted laboratory sample was reconstituted in 1.0 mL of methanol and passedthrough a 0.2 um nylon fiter using a 3 mL. disposable plastic syringe into glass autovials.

3M Environmental Laborators 000065 paca 11
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ETS-8-6.0, "Extraction of Potassium Perfluorooctane-sulfonteofother Fluorochemical
‘Compounds from Liver for Analysis using HPLG-Electrospray/Mass Spectrometry”
Liver samples wers homogenized in water. An aliquot of each homogenate was spiked with‘THPFOS and extracted using an ion-pairing extraction procedure. An ion-pairing reagent was
‘addedtothe sample and the analyteionpairwas partioned into MIBE. The extract was
transferredtoa centrifugetubeand put onto nitrogen evaporator until dry.Eachextractwas
reconstituted in 1.0 mL of methanol and passed through a 0.2 um nylon fter, using a 3 mL.
disposable plastic syringe ino glass autosampler vials.

ANALYTICAL METHODS
«  ETS-86.2, “Analysis of Potassium Perfluorooctanesuifonate or Other Fluorochemicals in

‘Serum Extracts Using HPLC-Electrospray/Mass Spectrometry”
* ETS-8:7.0, “Analysis of Potassium Perfluorooctane-sulfonateorother Fiuorochemicals in Liver

Extracts Using HPLC-Electrospray/Mass Spectrometry”
‘The analyses were performed by monitoring one or more product ions selected from a single
primary ion characteristic of a particular fluorocherical using HPLC/ESMSIMS.Forexample,
molecular ion 499, selected as the primary ion for PFOS (CoF:,SOy-) analysis, was fragmentedto produceion99 (FSO). The characteristic ion 99 was monitored for quantitative analysis.

ANALYTICAL EQUIPMENT
‘The following is representative of the settings used during the analytical phase of this study.
Liquid Chromatograph: Hewlett-Packard®Series 1100 Liquid Chromatograph system
Analytical column: Keystone® Betasil™ C15 2x50 mm (5 um)
Column temperature: 30°C
Mobile phase components:

‘Component A: 2mM ammonium acetate
Component B: methanol

Flow rate: 300 L/min
Injection volume: 10 yl
Solvent Gradient: 5.0 minutes

Time (minutes) %8
00 10%
10 10%
55 95%
75 95%
80 10%

3M Environmental Laboratory 000066 Pace 12
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MassSpectrometer; Micromass”APIMass Spectrometer Quattro II” Triple Quadrupole system
Software: Mass Lynx" 3.4
Cone Voltage: 30-70 V
Collision Gas Energy: 20-50 eV
Mode: Electrospray Negative
‘Source Block Temperature: 150°C £10°C
Electrode: Z-spray
Analysis Type: Multiple Reaction Monitoring (MRM)

Table4. Target lons MonitoredInSMLaboratory Analyses
[amore| erimayiontan)|_procwctonamy|
TesTw|me |
[wros| wreTmo|

Deviations/Amendmonts
‘There were one amendment and seven deviations from the original protocol. Amendments and
deviations from the original protocol and methods are included in the Appendix B.

Data Quality Objectives and Data Integrity
‘The following data quality objectives (DQOs) were indicated in the protocol for this study:
«Linearity: The coefficient of determination (1%) equal to or greater than 0.985 for iver analyses

‘and equal to or greater than 0.990 for sera analyses using 1/x weighting.
+ Limits of Quantitation (LOG): The LOQ s equ to the lowest acceptable standard in the

calibration curve,definedas the lowest standard that s both 2 times the malrix blank and iscalculated within + 30% of the expected concentration.
«Acceptable Precision: Quality control samples are required to meet+25% precision for

‘analyses, provided they are quantitated within the selected calibration range.
«Acceptable Spike Recoveries: Matrixspikesand matrix spike duplicates requiredforanalysis
of liver and sera samples should show spike recoveries within 70~130%.

« Confirmatory Method: If a confirmatory method is used, an amendment to this protocol will
be witen.

+ Demonstration of Specificity: PFOS identification will be substantiated by chromatographic
retention time (approximately 8.00 mines), by the characteristic primary lon (49) and
‘characteristic product ion (99).

SMEnvironmentalLaboratory Pace 13
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Ee eseeerstein
Data Summary, Analyses, and Results

Data quality objectives for the analytical phase of this study outlined in the 3M EnvironmentalLaboratory protocol for FACT-TOX-160 (see Appendix B) were met with the exceptions noted inthis report.

‘Summaryof Quality Control Analyses Results
+ Linearity: The coefficient of determination (19) of the standard curve was 20.985 for iver

analyses and 20.990 for sera analyses.
« Calbration Standards: Quantitation of the target analytes was based on linear regression

‘analysis, 1/x weighted of one or two extracted matrix curves bracketing each group of samples,except as noted in the deviation summary. High andlor low points on the curve may have been
deaclivated to provide a beter linear it over the curve range most appropriate to the data. Low
curve points with peak areas less than two times that of the extraction blanks were deactivatedto disqualifya data range that may have been significantly affected by background levels of the‘analyte. Occasionally, a single mid-range curve point that was an obvious outlier may havebeen deactivated. Quantitationofeach analyte wasbasedon the responseof ane specificproduct fon(s) using the mitple response-monitoring mode ofthe instrument (see Appendix C,‘Analytical Methods).

«Limits of Quantitation (LOQ): The LOQis equal tothe lowest acceptable standard n the
calibration curve that is within £30%of thetheoretical value, and is at least two times theanalyte peak area detected in the extraction blanks.

‘Table 5. Determinationsofthe LOQForthe Extracted Curve intheAnalyses.
of Serum and Liver Extracts _-

ITT
[rosie[momo |

«Blanks: All blanks were below the lower limit of quantitation for the compounds of interest. To
simplify analyses that were complicatedbyendogenouslevelsof fluorochemicals in unexposed
monkey sera which were above the lower lit of quantitation, rabbit sera was selected as a
suitable surrogate matrix and all rabbit sera blanks were within criteria.

«Precision: precisionwasdeterminedbyanalysis of CCVs in seraandwas reproducible to
within 25%, precision was determined by analysis of CGV n iver and was reproducible to
within 30%,

«Matrix Spikes: Matrix spikes and matrix spike duplicates were extracted with each setof ver
‘and sera samples and analyzed at the 3M Environmental Laboratory (see tables 5 and 6). Two
rabbit liver matrix spikes, extracted 09/05/01, were within Criteria and two monkey liver matrix
spikeswerenot within +30%of the theoretical concentration when analyzed 08/17/01. The
monkey liver matrix spikes were not prepared at the appropriate concentration based on
endogenous levels present in the samples. Additional monkey liver matrix spikes and one
monkey liver sample wore re-extracted on 10/02/01 at lovels appropriate to the endogenous

SMEnvironmental Laboratory Pace 14
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levels. The re-extracted spikes did notmeet criteria andthe extraction was suspect due to aninconsistent sample concentration, inconsistent matrix spike recoveries, and high surrogate
values - refer to deviations attached to this report for more information. Additional monkey liver
‘matrix spikes and one monkey liver sample were re-extracted on 11/07/01. The extracted
spikes and sample were in agreement with the initial extraction on 09/05/01. The rabbit liver
‘matrix spike averages extracted with the samples on 09/05/01 and the monkey liver matrix
spike averages extracted on 11/07/01 were within + 35% of the theoretical concentration.

All sera matrix spike recoveries, evaluated versus extracted and unextracted curves, were
‘within + 25% of the theoretical concentration. Extraction efficiency and absolute recovery were
>100%inthesera matrix, based on average recoveries of 101%, 111%, 111%, and 116%versus an unextracied (solvent) curve.

Table 6. Liver Matrix Spike Recoveries
Extraction Type |% Recovery| Average

Date
Tver TE

Com[oe2]
OT | 100401 | ankey |__55%|SEES
consist Monkey |_60%|= ESN
een” [IGT | wonkey |_|
surogate| Reanabss| zug [rm|

doviaion for Monkey|6%|T0241 Honkey
analysis [aw|

T0201 | Wonkey|_170%|
ton| 2990 [ot%| mex
Sampo | Monkey|200%|10uglg

m7 ASOT | Monkey|100%|
[26 [om| ex

WonkeyTous [ei|
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at epsuc Tass28 srrpiriae
“Table7. Sera Matrix Spike Recoveries

ai
To| ry| |
aSea,Sr [mr |]

2 ||
mmEeoe,finer| 205% [on|

EE ney [10%]
oH

EE |py | |Evaluated Monkey Jen
Versusan | 20 ug/ml.

Unextracted nwiSnctie | onyfoie | eer

« Surrogates: The surrogate (THPFOS) was added to allsamples.and standards. THPFOS was
not usedfor quantitation, but was used to monitor for gross instrument failure. The surrogateA LL Ee
determine that it did not vary more than + 50% from the mean within each analytical run. All

responses wera within + 50% except for analysis of liver dilutions on 10/24/01. These samplesfoesvtii 50% oprans of drson0240, Thssami
‘extracts met surrogate criteria requirements.

sitomant of ata custy
tis not possible to verify true recovery of endogenous analyte from tissues without radio-labeled
reference material. The only measurement of accuracy available at this time, matrix spike studies,
indicates that these data are quantitative to 26% or greater in sera and 35%or greater in liver.

‘Summaryof Sample Results

PPFOS results (those obtained using lot # 217)havebeen correctedforpurityof the analyticalti
«Samplesfrom Control Animals: No control animalswere included in this study.

«+ Samples from Dosed Animals: In general, PFOS levels found in sera of the test animals.
‘decreased over time. PFOS levels in male liverswere approximately half that determined inBe CS iefree mlSo

3MEnvironmental Laboratory Page 16
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Statistical Methods and Calculations

Statistical methods were limited to the calculation of means and standard deviations. See AppendixFfor example calculations used to generate the iver and serum sample data in FACT-TOX-160.

Statement of Conclusion

Under the conditionsof the present studies, the fluorochernicalPFOSwasobserved in the serumand liver of all recovery study cynomolgus monkeys originally dosed with the test substance duringthe in-lfe phase of the study #6329-223 (TOX-030).

References

None
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Appendix A: Control Matrices

Table8. CharacterizationoftheControlMatrices Used forSerum andLiverAnalysesin
Study FACT-TOX-160

Wormoysoram|FenSarum prom
a
IE —TT
[Somme|ow | wows| wm]

[nestor| oasis|owe| rou |
[Prsatescvon| neysoum|remrsonn| wie]
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Appendix B: Protocol, Amendments, and Deviations
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Study Title :

Extended Recovery Study Following a 26-Week Capsule Toxicity Study
(FACT-TOX-030) with Perfluorooctane Sulfonic Acid Potassium Salt

(PFOS; T-6295) in Cynomolgus Monkeys

ANALYTICAL PHASE PROTOCOL

Author
Lisa Clemen

Date:
August 27, 2001

Performing Laboratories
Sera and Liver Analyses Sera and Liver Extractions

3M Environmental Technology & Safety Sarvices Paco Tier2 Facilly
3M Environmental Laboratory 1700 Em Street, Sue 200

935 Bush Avenue Minneapolis, MN 55414.
St.Paul, MN 55106

Laboratory Project Identification
FACT TOX-160

Covance Inife Study Number: 6329-268
3M Medical Department Study: T-6295.22

ET&SS LIMS: E00-1668
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Protocol #FACT-TOX-160

Study Identification

‘Extended Recovery Study Following a 26-Week Capsule Toxicity Study (FACT-TOX-030) with
Perfluorooctane Sulfonic Acid Potassium Salt (PFOS; T-6295) in

Cynomolgus Monkeys

Sponsor 3M Corporate Toxicology
3M Medical Department
Building 220-2E-02
St. Paul, MN 55144

Sponsor Representative John Butenhof?, Ph.D.
3M Corporate Toxicology
3M Medical Department
‘Building 220-2E-02
St. Paul, MN 55144
Telephone: 651-733-1962

Study Director Andrew Seacat, PhD.
3M Corporate Toxicology
3M Medical Department
Building 220-2E-02
St. Paul, MN 55144
Telephone: 651-575-3161

Principal Analytical Investigator (PAI) Lisa Clemen

Phase Locations
In vivo Testing Facilty Covance Laboratories, Inc.

3301 Kinsman Boulevard
Madison, Wisconsin 53704

Analytical Testing Laboratories 3M Environmental Laboratory
(sera andliver analyses) Building 2-38-09

935 Bush Avenue
St. Paul, MN 55106

(sera and liver extractions) Pace Tier? Facility
1700 Elm Street, Suite 200
Minneapolis, MN 55414

Proposed Study Timetable
Experimental Start Date 27 August 2001
Experimental Completion Date 29 April 2002
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1. Stuoy
Extended Recovery Study Following a 26-Week Capsule Toxicity Study (FACT-TOX-030)
‘with Perfluorooctane Sulfonic Acid Potassium Salt (PFOS; T-6295) in Cynomolgus
Monkeys.

2. Purpose
‘This study is designed to continue the assessmentofperfluorooctanesulfonate (PFOS) levels
in sera and liver during an extended recovery timeofapproximately one year following the
daily administrationofthe test material by capsule to cynomolgus monkeys for at least 26
weeks and at least 52 weeksofrecovery.
‘The animals used in this study were previously assigned to a recovery phase ofa completed
studyforat least 52 weeks. At the endofthis initial recovery phase study Covance #6329-
223, a partial hepatectomy was conducted on the animals, they were allowed to recover from
the surgical procedure, then transferred to this follow-up study for evaluation ofrecovery for
an additional 52 weeks.
‘The serum andliverofcynomolgus monkeys will be analyzed for PFOS. Additional tissues
or fluids may be analyzed at the discretionofthe PAI or study director. The in-life portion of
this extended recovery study was conducted at Covance Laboratories, study #6329-268.

3. REGULATORY COMPLIANCE
“This study will be conducted in accordance with the United States Environmental Protection
Agency Good Laboratory Practice Standards, 40 CFR 792.

4. QUALITY ASSURANCE ©
‘The 3M Environmental Laboratory Quality Assurance Unit will review the protocol and audit
study conduct, data, and the final report to determine compliance with Good Laboratory
Practice Standards and with 3M Environmental Laboratory Standard Operating Procedures.

5. TESTMATERIAL
Refer to Covance Laboratory protocol for study #6329-268. Animals were not treated during
this study. The FACT TOX-160 study is an extended recovery studyof cynomolgus monkeys
from Covance study 6329-223 (analytical work performed under 3M Environmental Study #
FACT-TOX-030), where animals received 0.15 mg/kg/day of PFOS lot #217 in a daily
single capsule fora least 26 weeks, followed by a S2-week recovery period.

6. ConTROL MATRICES
‘Typesofcontrol matrices and their source, physical description, storage requirements, and
traceability numbers will be recorded in the raw data and included in the final report.

7. REFERENCEMATERIAL FOR FACT TOX-160
Potassium perfluorooctanesulfonate (KPFOS), CF,,SO;K', CAS 2795-39-3
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‘The target analyte is perfluorooctanesulfonate (PFOS), CF, SO;

8. TestSystew
Cynomolgusmonkeyswereusedasthetest system,andweremaintainedanddosedasdescribed in the original Covance protocol #6329-223 (TOX-030). Two male and two.female monkeys which were dosed during study #6329-223 (TOX-030) were included in thisextended recovery study and all were allocated to Group 1. Theseanimals received nofurther treatment during the recovery study.

9. SPECIMENANDSaMPLERECEIPT
‘The 3M Environmental Laboratory received specimens ofthe following body tissues and
fluids from the indicated points in the study from Covance Laboratories at the endofthe in-
life phaseofthe study. All specimens were frozen and packed on dry ice for shipping.

Expected # of
Body tissue/fluid Collected specimens

2,4,6,8, 10, and 12 months
following initiationof study B28 sensamplesAt scheduled sacrifices

Fd]
Total numberoftest animals: 4
Modifications to the numberofsamples analyzed may be implemented at the discretion of
the PAT and the study director.
Specimens sent to 3M Environmental Laboratories were received and tracked according to
the Sample Tracking System Standard Operating Procedure. Detailsofspecimen inspection
for damage, receipt, storage, identification, chain ofcustody, protocols and data will be
presented in the phase report.

10. PREPARATORY METHODS
10.1 ETS-8-6, ExtractionofPotassium Perfluorooctanesulfonate or Other Fluorochenical

Compounds from Liver for Analysis Using HPLC-Electrospray/Mass Spectrometry
10.2 ETS-8-4, ExtractionofFluorochemical Compounds from Serum for Analysis Using

HPLC-Electrospray/Mass Spectrometry
10.3If preparatory methods other than those listed above are used, an amendment to this

protocol will be written. Any deviations from these methods will be documented and
included with the study data.
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11. ANALYTICAL METHODS

11.1 ETS-8-7, AnalysisofPotassium Perfluorooctanesulfonate or Other Fluorochemicals in
Liver Extracts Using HPLC-Electrospray/Mass Spectrometry

11.2 ETS-8-5, Analysis of Potassium Perfluorooctanesulfonate or Other Fluorochemicals in
‘Serum Extracts Using HPLC-Electrospray/Mass Spectrometry

11.3 If analytical methods other than those listed above are used, an amendment to this
protocol will be written. Any deviations from these methods will be documented and
included with the study data.

12.DATAQUALITY OBJECTIVES
‘The numberofspikes/duplicates, useofsurrogates, and information on other data quality
indicatorsareincluded in the analytical methods.Inaddition, the following criteria will be
met:
12.1 Linearity

‘The coefficient of determination () ofthe extracted liver standard curve must be equal
to or greater that 0.985 using linear regression or quadratic fit.

‘The coefficient of determination (r)ofthe extracted serum standard curve must be
equal to or greater that 0.990 using linear regression or quadratic fit.

12.2 Limits ofQuantitation (LOG)
“The LOQ will be equal to the lowest acceptable standard in the calibration curve,
defined as the lowest standard that is both 2 times the matrix blank and is calculated
‘within + 30%ofthe expected concentration.

12.3 Acceptable Precision
Quality control samples are required to meet + 25% precision, provided they are
quantitated within the selected calibration range.

12.4 Spike Acceptable Recoveries
Matrix spikes and matrix spike duplicates required for analysisofliver samples should
show spike recoveries within 70%~130%.
After liver samples have been analyzed, sample concentrations will be evaluated. Ifa
‘measured sample (s) concentration exceeded the calibration range of the method and
‘was diluted with methanol into the validated calibration range, then additional matrix
spikes will be prepared at the approximate measured concentrationsofthe samples then
subsequently diluted with the same volumeofmethanol as the sample into the validated
rangeofthe calibration curve.
‘These liver matrix spikes will be evaluated versus an extracted matrix calibration curve
and an unextracted calibration curve. If the diluted liver matrix spikes do mot show
recoveries within 70-130% versus the extracted matrix calibration curve, then the
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‘sample concentrations, at the same dilution factor as the matrix spikes, will be corrected
for the spike recovery.
‘For serum matrix spikes, a comparisonofextracted (matrix) versus unextracted
(solvent) calibration standards will be performed at two concentrations spanning the
validated calibration rangeof themethod. This comparison will demonstrate the
absolute recovery (recovery + serum matrix affect)ofanalyte from the matrix for
determining the extraction efficiencyof serum versus an unextracted calibration curve.
After serum samples have been analyzed, sample concentrations will be evaluated. Ifa
‘measured sample (s) concentration exceeded the calibration rangeofthe method and
was diluted with methanol into the validated calibration range, then additional matrix
spikes will be prepared at the approximate measured concentrationsofthe samples then
subsequently diluted with the same volumeofmethanol as sample into the validated
rangeofthe calibration curve.
‘These serum matrix spikes will be evaluated versus an extracted matrix calibration
curve and an unextracted calibration curve. Ifthe diluted serum matrix spikes do not
show recoveries within 70-130% versus the extracted matrix calibration curve, then the
sample concentrations, at the same dilution factor as the matrix spikes, willbe corrected
for the spike recovery.

12.5 Use of Confirmatory Methods
Ifa confirmatory method is used, an amendment to this protocol will be written.

12.6 Demonstration of Specificity
'PFOS identification will be substantiated by chromatographic retention time
(approximately 8 minutes), by the characteristic primary fon (499) and the characteristic
product ion (9)
Minor modifications to the Data Quality Objectives may be implemented at the
discretionofthePAL.Thesewillbedocumented in theraw dataandtheanalytical
report

13.SUB-CONTRACTED ANALYSIS
13.1 Al sera and liver extractionsas detailedin this protocolwillbe performed at Pace.

‘Tier, 1700ElmStreet, Suite 200, Minneapolis, MN 55414.
13.2 All seca and liver analyses as detailed in this protocol will be performed at 3M

‘Environmental Laboratory, Building 2-3E-09, 935 Bush Avenue, St. Paul, MN 55106.
13.3 An amendment to this protocol will be writtenifextractions and analyses are performed

at laboratories other than the 3M Environmental Laboratory or Pace Tiet2.

14. STATISTICAL ANALYSIS
Statistical methods will be limited to the calculationof means and standard deviations.
Examplesofthe calculations used in the analyses will be included in the analytical phase:
report.
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15.RepoRT
A reportofthe resultsofthe study will be prepared by 3M Environmental Laboratory. The
report will include, but not be limited to, the following, when applicable:
15.1 Name and addressofthe facility performing the phase
15.2 Dates upon which the phase was initiated and completed
15.3 A statementofcompliance by the PAI addressing any exceptions to Good Laboratory

Practice Standards
15.4 Objectives and procedures as stated in the approved phase protocol, including any

‘amendments to the original phase protocol
15.5 Identity, purity, stability and the solubilityofthe reference standard under conditions of

use
15.6 A descriptionofthe methods used to conduct the test(s)
15.7 A descriptionofthe specimens
15.8 A descriptionofany circumstances that may have affected the quality or the integrity of

the data
15.9 The nameofthe PAT and the namesofother scientists, professionals, and supervisory

personnel involved in the phase:
15.10A descriptionofthe transformations, calculations, or operations performed on the data,

a summary and analysisofthe analytical chemistry data, and a statementof the
conclusions drawn from the analyses

15.11Statistical methods used to evaluate the data,ifapplicable

15.12 The signed and dated reportsof each ofthe individual scientists or other professionals
involved in the phase, ifapplicable

15.13Thelocation whererawdataandthe final reportare obe stored
15.14 A statement prepared by the QualityAssuranceUnit listing the dates that study

inspections and audits were made, and the dates ofany findings reported to the Study
Director and Management
Ifitis necessary to make corrections or additions to a final report afer it has been
accepted, the changes will be made in the form ofan amendment issued by the Study
Director. The amendment will clearly identify the part ofthe final report that is being
amended, the reasons for the amendment, and willbesigned by the Study Director.

16.LOGATIONOFRaW DATA, RECORDS, AND FINAL REPORT
Original data, or copies thereof, will be available at 3M Environmental Laboratory to
facilitate auditsofthe study during is progress and before acceptanceofthe phase report.
‘When the phase report is completed, all original paper data, including those items listed
below, will be retained in the archives of 3M Environmental Laboratory. All corresponding
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training records, calibration records, instrument maintenance logs, standard operating
‘procedures, equipment procedures, and methods will be retained at the 3M Environmental
Laboratory.
16.17 The following raw data and records will be retained in the study folder in the

study/project archives according to 3M Environmental Laboratory Standard Operating
Procedures:

16.1.1 Approved protocol and amendments
16.1.25tudy correspondence.
16.1.3 Shipping records
16.1.4 Raw data

16.1.5Approved final report (original signed copy)
16.1.6 Electronic copiesofdata

16.2 The following supporting records will be retained separately from the study folder
according to 3M Environmental Laboratory Standard Operating Procedures:

16.2.1 Training records
16.2.2 Calibration records
16.2.3 Instrument maintenance logs
16.2.4 Standard Operating Procedures, Equipment Procedures, and Methods

17.SPECIMEN RETENTION 5
‘Specimens remaining after the analytical phase is completed will be sent to and maintained
by:
Lisa Clemen
3M Environmental Laboratory
Building 2-38-09
935 Bush Avenue
St. Paul, MN 55106
Telephone: (651) 778-6176

18. PROTOCOL AMENDMENTSAND DEVIATIONS
Planned changes to the protocol will be in the formofwritten amendments signed by the
Study Director and the Sponsor's Representative. Amendments will be considered as part of
the protocol and willbeattachedtothe final protocol. All changes totheprotocol will be
indicated in the final report. Any other changes wil be in the formofwritten deviations,
signed by the Study Director and Sponsor Representative and filed with the raw data.
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19. ATTACHMENTS

19.1 Attachment A:

Material Safety Data Sheets (MSDS) forReferenceStandard

20. SIGNATURES

And eacat, Ph.D., Study Director Date

Olen 7. BilloBA 27 August 200)
John Butenhoff, Ph.D., Sponsor Representative Date

fuAChip ola
Lisa Clemen, Principal Analytical Investigator Date
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Study Title
‘Extended Recovery Study Following a 26-WeekCapsuleToxicity Study
(FACT-TOX-030) with Perfluorooctane Sulfonic Acid Potassium Salt

(PFOS; T-6295) in Cynomolgus Monkeys

PROTOCOL AMENDMENT NO. 1

Amendment Date:
“April 4,2002

Performing Laboratory
3M Environmental Technology & Safety Services

3M Environmental Laboratory
935 Bush Avenue

St. Paul, MN 55106

Laboratory Project Identification
FACT TOX-160

Covance In-life Study Number: 6329-268

3M Medical Department Study: T-6295.22

ET&SS LIMS: E00-1668
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Amendment No. 1

‘This amendment modifies the following portion(s) of the protocol:

1. PROTOCOL READS:
Section 10 states that method ETS-8-6.0 will be used for extracting liver samples and section
12 of method ETS-8-6.0 references the useofequipment procedure AMDT-EP-22 for
cleaning the tissu grinder.

AMEND TO READ:
Section 12 of method ETS-8-6.0 changed to reference equipment procedure ETS-9-52.0 as of
11/0701.

REASON:
Equipment procedure AMDT-EP-22 was replaced by equipment procedure ETS-9-52.0 on
11/07/01. Both cover the tissue grinder’s cleaning procedure.

2. PROTOCOL READS:
Section 11 states that method ETS-8-7.0 will be used for analyzing liver extracts using HPLC-
Electrospray/Mass Spectrometry
AMEND TO READ:
Method Modification Method: ETS-8-7.0 “AnalysisofPotassium Perfluorooctanesulfonate
or Other Fluorochemicals in Liver Extracts Using HPLC-Electrospray/Mass Spectrometry”

Section modified: 10.3.2, 14.5.1, add sections 143.2-143.6

Effective dateofmodifications: July 22, 1999

Section 103.2 Method reads: Analyze a mid-range calibration standard after every tenth
sample, with aminimumofoneperbatch.

Modify method to read: Analyze a mid-range calibration standard at least after every ten
samples, with a minimumofone per batch.

Section 14.5.1 Method reads: Continuing calibration verification percent recoveries
‘mustbewithin +30% ofthespikedconcentration.

Modify method to read: One continuing calibration verification per ten samples must show a
percentrecovery within +-30%ofthe spiked concentration.
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Amendment No. 1

Section 1432 Method reads: NA

Modify method to read: The second (bracketing) calibration curve may be deactivated if
instrumental drift affects the data. The first curve and acceptable calibration checks shall
bracket usable data.

Section 1433 Method reads: NA

Modifymethodtoread: Calibrationstandards withpeak arcas less than 2 timesthecurve
matrix blank shouldbe deactivatedtodisqualify adatarangethatmaybeaffected by
background levelsofthe analyte.

Section 1434 Method reads: NA

Modify methodtoread: Loworhighcurve points maybedeactivatedtooptimize alinear
rangeappropriatetothe data.

Section 143.5 Method reads: NA

Modifymethodto read: Acurvepointmaybedeactivated ifitdeviatesmorethan30%from
thetheoreticalvalue whenthecurve isevaluatedover alinearrangeappropriatetothedata.

Section 143.6 Methodreads: NA”

Modify methodtoread: A validcalibration curvemustcontainat least5activepoints.

Reason:
‘Methodmodificationsareimprovements/clarificationstothecurrent method.

3M Environmental Laboratory
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Amendment Approval

fn Az Sere C/V
‘Andrew Seficat, Ph.D., Sponsor Representative/Study Director Date

Fe A One otfotfra
Lisa A. Clemen., Principal Analytical Investigator Date

SrA— 04/65/20
WilliamK. Reagen, Ph.D., Performing Laboratory Management Date
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Record of Deviation

I__identification
Sud TPjectNo.
FACT-TOX-160, E00-1668 _
Deviation type sop Method Equipment Procedure
(Cito) XProtocol Other.Document number Baics)ofoccurence
FACT-TOX-160, E00-1665 oonsiol

Required procedurelprocess:Protocol FACT-TOX-160, 00-1638 sais: Mate spikes and atx spike duplicates reqive for analysis of
ver samples shouldshow piksecoveriewithin 70%-130%.

“Afr iver amples avbeen alyzed, saceplconcentraionswill be evaliied. Ifameasured samp ()
Gonceniationexceeded hecalibrationrangeof hemethod 3d was diluted with methanol inoi validated
Calibration rng, hen dionmatispike wil beprepare at the approximate measured concentrations of the
samples then subsequently diluted withthe same volumeofmethanol3s te sample into th validated rangeofthe
Calbrationcrv,Thess lve mar spikeswillbeevaliated versusa extracted mati calibration curve and an

‘nexiracidcalibration curve. Fhe ited ivermairxspikes do 00 show recoveries within 70-130% versus the
extacidmatrixclfraionicv, hen thsampleconcentrations, ai te same dilution factoa themate spikes,
willbe comeced forthe sperecovery. -

Actual procedorelprocess: _____ _- ts iE
“The MKLOS0901 - 250ppb-- 03303 as spke/matxspike duplicate (MS/MS) averagerecoverywas
359%. These sampleswere nt spiked a he appropriate eve in relation to endogenous levels presentin he.
sample

Til. Actions Taken
(suchasamanciment sued, SOP rovision, tc

Newmispewereprepared at 20g & 10 ug/g them extracted on 10/0201

Recorded by . Date

Ob A ine 12lioloy
Kithorized By sen 3. pte Date 12/15/01

[72 = 12/13/01
Senior Representative: John Buknho ‘Deviation No.
shay Onichr: Aud 5 (ssidbySty Distror Projet Lest Hm nToF dy rR)

Avachrent A ETS482 Pigeons
Documentation ofDeviations
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T_ identification
dy Precio

FACLTOX-160, EOO.IG68
Deviationtype. SOP ‘Method Equipment Procedure
_(Checkone)_ XProtocol Other:
Documentnumber ‘Dae(s)ofoccurrence a
FACT-TOX-160,E00-1668 100401

Requiredprocedure/process:  ____ _________ ___Protocol FACT-TOX-160,ECG 1638ses: Mati spikesand air spike duplicates required for analysis of
liversamples should showspk recoveries withinT0%-130%.

“fer versinpls avebeeanalyzed,snp Goncniztons illBs cvluited. Ifa messuredsample 6)
Conceniaionexceededhecalbration ange of hemethod and wsied with metho! to te validated
calibraionrng, henditionalmatrix spikes willbe prepareda he pproximate measured concentrations of the
samplesthen subsequentlydiluted withthe samevolumeofmethanolatesample nothe validated range ofthe
Calibration curve, Thess livermatispkeswil be evaluatedversus anextractedmati calibration curveanda
‘uneiracied callrstion save. Ifthedied Tvermari spikes donotshow recoveries within 70-130% versus the

acemate calbration carve,tenhe samp concentrations, athsae difton factor ahe max spikes,
willbe conecedforthe spikerecovery. - .

Actual procedurelprocess: ________ ___ SE
“Theug mate spke/matrn spike Gupicals (VMSIVISD) average recovery was 35%and te 10ug/g MSAD.
was oodlcusing a 1500dukon acer.

lll. Actions Taken
uch as omercimentissuod,SOPrevision,

“Toe TOs VES vs5 utedving 150 dilutionsndanalyzedon 10/1601 The 150 iainof
2 5sMSMSDswasalsoFeaslyzedon 101601toconfiem theorginal lowrecovery.

Recordedby - Date

On A Doman 120]
Authorizedby pg = fy

1) WI Seen” 12(13/01
Sporver Reantotiec: Toho bike? Deviation No. 2
Se fobs Sak (sip StyDistroPreLok HR Sr)

tachmentA ETS482 Page Lof1
DocumentationofDeviations
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Sed Pro.
FACTTOX-100, BOO688
Deviation type. SOP ‘Method Equipment Procedure
(Checkone) _ XProtocol __Other:
Document number Date(s)ofoccurrence

FACTLTOX-160, 00-1668 101601
1I._Description

Required procedure/process: a .
Protocol FACT-TOX-160, E00-1668 states: Matrixspikes and matrix spike duplicates requiredforanalysis of
liver samples should show spikerecoverieswithin 70%-130%.

“Afterliversampleshavebeen analyzed, sample concentrationswillbe evaluated. If a measured sariple (5)
‘concentration exceededthecalibrationrangeofthemethod andwas diluted with methanol into the validated”
calibration range, thenadditionalmatrixspikeswillbeprepared attheapproximate measured concentrationsof the
amples he subsquenty dilutedwith he sa volumeofmethanol 1 thspl nto thevalderangeofthe
‘calibration curve. Theselivermatrixspikes willbeevaluatedversus an extracted matrix calibrationcurve and an
|unextractedcalibration curve. Ifthediluted livermatrix spikes do not show recoveries within 70-130% versus the
|extracted matrix calibration curve, then the sample concentrations, at the same dilution factor as the matrix spikes,

ANERA

Actualprocedure/process: oo }
The2ug/gand 10ug matesikematenspikeduplicate (MSMSD) sverige recoverieswee9% and 52%

Il. Actions Taken(suchasamenament sed,SOPrevision, ec
Toc ITV 3 9SSU3NT ple wet ll itedro he ogi] xiacts F505 syed on
16/24/01. EE -

|Recordedby ——— Date

OfA Conan A
Abo2% aon. punt Dusir 00

Duper I. Saea®” 72/001
Spontor Repreaenlatine>Tohn Loos Deviation No. ___3_____(sind SyDir PotLon BE 8)
Shady Dicclor’ Andrews Stack

tachment A Ess Pagetoft
DocumentationofDevisions
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Record of Deviation

- 1._Identification
‘Study /Project No. ie
FACTTOX160. Bo0-668
Deviation type SOP Method Equipment Procedure
(Checkone) _ XProtocol Other:

Documentnumber Date(s)ofoccurrence.
FACT-TOX-160, 00-1668 1024101

|Required procedureiprocess:ProtocolFACT-TOX-160,E00-1668ite:Mati spikes iad ati spike duplicates requicdforanalysisof
ive samples shouldshowspike recoverieswii70%-130%
Af versampleshavebeen analyzed,sampleconoazatonswillbe vale.If msured ipl ()

‘oncentaionexceeded he ablation ange of hemethod andwas dilutedwith than noth validated
calibration range, thn addiional is spikeswill be prepirdatte approximate mesuredconcenizations ofthe
samplesthensubsequentlydiluedwiththsamevolumeofmethanolsthsampleitotevalidated angeofthe
calibration curv, These vesrarspikes wil be valuedversa an extracted ati callbrationcurveand

extrac calibration curve, ieiid ver max spikes donot show recoverieswithin 70-130% versus the
extractedmati calibration curve, ten he sample oncentatons,at he samedilution cor 3 thematispikes,
will be correctedforthespikerecovery. Co .

Actualprocedurelprocess:
“Th2ug/g nd 10ug/gmati spel spikeduplicate(VISMSD) averige iecoveies vere 119% and 242%.
“Thesamplerecovery was otconsistent with th previous analyses,

Hl. Actions Taken
(such as amorcimentissued, SOP revision, ec)

“Toesamplesewv-cxiaiad on 110711,the ated 1:50 odanalyzed

Recorrdedby oT or o Date

On A, Olena i} liolor
Abs gs2ft Die,re

g
Cont oz 12/3 for

Sponsor Regresentakive.* John Bukenhot ) erro DE No.rr
Y © ceoaPieLad TLShay Dreche: Andes Scat

Atachment A ETS482 Page tort
PocomentationofDeviations
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Ferg ete]a
|FACTTOX160, EOO-888

Deviation type. SOP Method [Equipment Procedure

(Clackone) _XProwocol Other:
Document number ——T Date(s)ofoccurrence
FACT-TOX.160, E00-1668 1601

Required procedure/process:Protocol FACT-TOX-160, 00-1668 ics Matspikesand ati sike duplicate eidfoe ailysd of
ve samples should show spike recoverieswih70%-130%

AR Tver saopleshavebenanlyaed, sampleconcepzaionswil valid.Ifmeasured spe ©)
conceneationexceaded he calibration aigofthe method odwa iid withmethanolnothe validated
libration rang, the additional mai spikes willbe preparedat he spproximate messured Concentrationsof he

samplesthensubsequentlydiedwiththesamevolunofmethanol ss thesample noth validtedrangeofthe
allbration curve, These ve aospl wll evaliaiedvers a extracted mtxcalibration curveand a0
unexacedcalibrationcurve, TF hedied vermatrixspikes do of show recoveries within 70-1 0% versus the
extractedmaui calibration curve, ten he sampleconcentrations,athsame dikiton ctora thematrixspikes,
willbecorecied for tespike rsovery.

Actual procedurelprocess: ooThe 10 up matispiklmati pikeduplats(MSIVSD) average recoverywis 67%.

Ill. Actions Taken
(such 05 amercimentissued,SOP rvisien fc

“T5% 10sVISASwasmotesnlyzedtoconfirm recovery saethe 2 lgMSDerg reser,
‘analyzed during thesamerun,was 95%andwithinthestatedcriteria. Also, all CCVsandother data quality.
bjeciveswer within criteriafor isanalyticalru.The aceurcy or the lve data in tis study willbechanged
from.- 30%to+/-35% inthefinalreport. - oo -}

Recorded by - To Date

OlA Clinae lk
Authorized by_y fon >. SR A Dateszirbr

2 , Suan” L2t3/0)
Sponsor Representoie’. ohn BueahoSt Deviation No. ___5___ioebySyDirctror ProcLew 2 of ETDStudy Drechr Andrews Stacok
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Record of Deviation

T._Identification
SadProjectNo.
[IID «rat usguomt ins guris dosssiong simran - -
Deviation type SOP X Method ‘Equipment Procedure
(Checkone) Protocol Other: |
Document nuber ~~ CTT Dae)ofocimenee

Ei37.0 11-1601
i Description

|Required procedure/process: ~ pAccordingtosection 11.1 TheaverageoFwosandr curveswill b ploied by linear regression. ~~

Actualprocedurefprocess: on ~
Forthe dai setm111165 he inxircied curvewasplofed wing 3 quadratic fi. A fiear urve thmethe 2

eri andéxiended t 250pp (5% eve oftheCCV)couldntbsgered. - -

Til. Actions Taken
(uch as amendment ssued,SOP vision, oc

LECTETIEEIER, oo cqpresnes -

Recordedby” TY, “ mr “Date

LTC (J a 1-260,
r act, gn Study/Project[= Alma
Bo Mire vopock Gon (cua. SE Phir hay Shdy comfls we
exolunded, versus. Exhneled “abix Cues. Ue “nifarl

Authorized by - Date.
ob [2 itor moro

Study Dueck: Andrews Seaced One Zane LL——
Seder Raprantoe. Toh Bur enon rrrEr)

Atachment A ETS45.1 Page 1071
DocumentationofDeviations
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Record of Deviation

T__identification
‘Study/ProjectNo.FACT-TOX-160, E00-1668 ; }

Deviationtype SOP ‘Method EquipmentProcedure

(Checkone) __ _ XProtocol Other:
Documentnumber Byofoccurence
FACT-TOX-160, E00-1665. 11601
I—7

‘Required procedure/process: ~
Protocol FACT-TOX-160,E0068sses:Maisspessndmatrixspike duplicates requiredforanalysisof
fiver samplesshoukd show sik recoveries wiiT0%-130%.
After livessamplesbavebeen analyzed,sampleconcentrationswillbeevaluated.1fa measuredsample(5)
concentration exceeded thecabbeaion rangeofthe methodandwasdiedwithmetanolnfo thevalidated

libration ange,thenadditonalatispikes willbeprepared a he approximatemeasured concentration of te
samplesthnsubsequently dledwitthsamevolume ofmethanol a the sample foto te validated ransofhe

calibration curve, These livermatrix spikesvillbe evaluatedversus a extractedmatrixcalibration curveandan
umextacedcal curve. 1 he dled vermari spikesdopotshow recoveries within 70-130% versus the
extraciedmaicalibration ve,thenth sampleconcentrations,at the same ifuon facor as temati spikes,
willbecomet fo the spikerecovery.

|Actualprocedure/process: ~ I N
1)The10ug/gmaisikemasixspike duplicate(MS/MS)averags recoveywas 67%.

2)No 1/500liverdionwasreported duringthecourseoftis siody. The1/500 iverdiutionwastoodilute
because th wronglivessamplewasusedfo preparingthatMSMSD level.

ii. Actions Taken2 a5amencinent sued, SOP ovsion, oc)
To Tver vali werComeciad{oc hi ow recovery since On 5 ofMS/MSDsWerewinGers 0d55
averagetecavery fortis stof MS/MSD werewithinth exinded! 65-135% ereriaa sated in a cartier
devinion.

2)Dilutionwasnotrexirictedrdilicdusin thecore sump since the 1/50 dilutionwaswithincreaand
nis1/50 lutionwasse to sho hanofectwasobservedwhealvedion were pesded.

‘Recordedby Date
LisaA.Clemen (Jf, A. (loan 04/09/02 04 Jpg).

Authorizedby Date

0 Sued Srrfor
Snr Repenatatoe]Sh Srccor  Mndies> aca] Deviation No. 3

5 (sip bySyDior PcsLod odof ty Pp
Foo 2. Ralf] yin me
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‘Appendix C: Extraction and Analytical Methods

‘This appendix includes the following methods:
ETS-8-4.2, “Extraction of Fluorocheical Compounds from SerumforAnalysis Using HPLC-
ElectrosprayMass Spectrometry,” (16 pages)
ETS-6-6.0, Extraction of Potassium Perfiuorooctane-suifonate other Fluorochemical
‘Compounds from Liver for Analysis using HPLC-ElectrosprayMass Spectrometry,” (14 pages)
ETS-8:5.2, “Analysis of Potassium PerfluorooctanesulfonateorOther Fluorochemicals In
‘SerumExtracts Using HPLC-Electrospray/Mass Spectrometry,” (11 pages)

ETS-8.7.0, “Analysis of Potassium Perluorooctane-suifonate or other Fluorochermicals in Liver
Extracts Using HPLC-ElectrosprayMass Spectrometry,” (10 pages)

SM Environmental Laboratory 000094 Page 20
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3M ENVIRONMENTAL LABORATORY.

: METHOD

EXTRACTION OF FLUOROCHEMICAL COMPOUNDS FROM SERUM FOR ANALYSIS
‘USING HPLC-ELECTROSPRAY/MASS SPECTROMETRY

Method Number: ETS-8-4.2 : Adoption Date: 03/01/99

Effective Date: 2/2101

Approved By: .

[a 02feat
LaBratory Manager Date

A
Group Leader Date

1.0 SCOPEANDAPPLICATION
11 Scope: Thismethod isforthe extraction offlsorochemical compounds from serum.
12 Applicable compounds: Fluorochemical surfactants or other fluorinated compounds.
13 Matrices: Rabbit, rat, bovine, monkey, and human serum or other fluids as designated in

the validation report

20SuMvARYoFMEmROR
21 This performance-based method describes the procedure for extracting perfluorooctane-

sulfonate (PFOS) or other fuorocherical surfactants from serum, or other fluids, using an
fon pairing reagent andmethyl.tert-butyl ether (MBE). An ion pairing reagent is added to
the sample and the analyte-ion pair is partitioned into MBE. The MBE extract is
removed and put onto a nitrogen evaporator until dry. Each extract s reconstituted in
1.0 mL of methanol, then filtered through a 0.2 um nylon fir using a 3-mL. plastic:

Word 695 ETS:8.42 Page 10115
Frain ofFerehaness frm Soro
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syringe into glass antovials. (Application of this method to seven fluorochemicals was
demonstrated: PFOS, PFOSA, PFOSAA, EtFOSE-OH, PFOSEA, M556, and a.surrogate
standard (see 3.0 Definitions).

4 22 These sample extracts are analyzed following method ETS-8-5.2 or other appropriate
method.

dpeemons 0000000
31 PROS: perfluorooctanesulfonate (anionofpotassium sat) CyFisSO;”
32 PFOSA: perflvorooctane sulfonylamide CyFirSO:NHy
33 PFOSAA: perflucrooctane sulfonylamido (ethyDacetate CyFirSON(CH:CH;)CHyCO
3.4  EtFOSE-OH: 2(N-ethylperfluorooctane sulfonamido)-ethyl alcohol

CiFirSON(CH;CH,CH;CH OH
3.5  PFOSEA: perfluorooctane sulfonyl ethylamide CyF17SO;N(CH,CHy)H .

36 M556: CFnSONGH)(CH,COOH)
3.7 Surrogate standard THPFOS: 1H-1H-2H-2H perfluorooctane sulfonic acid

40 Warns AND CAUTIONS
4.1 Health and safety warnings

4.1.1 Use universal precautions, especially laboratory coats, goggles, and gloves when
‘bandling animal tissue, which may contain pathogens.

5.0 INTERFERENCES .
5.1 Therearenointerferencesknownatthistime.

SOFoowweer0000000000000
61 The following equipmentisused whileperforming this method. Equivalent equipment isacceptable.

6.1.1 Vortex mixer, VWR, Vortex Genie 2

6.12 Centrifuge, Mistral 1000 or [EC

6.1.3 Shaker, Eberbach or VWR

6.1.4 Nitrogen evaporator, Organomation
6.1.5 Balance (0.100 g) :

10 SuaoMarenars
71 Gloves

7.2 Eppendorf or disposable pipettes, plastic or glass (or equivalent)
73 Polypropylene bottles, capable of holding 250 mL and 1 L (Nalgene or equivalent)

ETS842 Page20015
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74 Volumetric flasks, glass, type A
7.5 40 mL glass vials (I-CHEM or equivalent)

, 7.6 Centrifuge tubes, polypropylene, 15 mL
$77 Labels

78 Bottle-top Dispenser - 3.0 to 100 mL or a 5-10 mL graduated pipet, glass
7.9 Syringes,capabloof measuring 5 pLto 50 uL
710 Graduated pipettes.
7.11 Syringes, disposable plastic, 3 mL (B&D or equivalent)
7.02 Syringe filters, nylon, 0.2 um, 25 mm
713 Timer

7.14 Crimpcapglass autovialsandcaps
7.15 Crimpers
Note: Prior to using glassware andbottles, rinse 3 times withmethanoland 3 times with

water. Rinse syringes aminimumof9 timeswithmethanol, 3rinsesfrom 3 separate vials.

8.0 REAGENTS ANDSTANDARDS

81 Reagent grade water, Mill-Q™, NanopureII or equivalent
82 Sodium hydroxide (NAOH), JT Baker or equivalent
83  Tetrabutylammonium hydrogen sulfate(TBA), Kodak or equivalent -

84 Sodium carbonate (Na:COy), LT. Baker or equivalent
85 Sodium bicarbonate (NaHCO), J.T. Baker or equivalent
86  Methyl-T-Butyl Ether, Omnisoly, glass distilledorHPLC grade
8.7 Methanol, Omnisolv, glass distilledorHPLC grade

88 Serumorblood, frozen from supplier
89  Fluorochemical standards

89.1 KPFOS (PFOS) (3M Specialty Chemical Division), molecular weight= 538
8.9.2 PFOSA (3M Specialty Chemical Division), molecular weight = 499

89.3 Hosa (PFOSAA) (3M Specialty Chemical Division), molecular weight =

8.9.4 EtFOSE-OH (3M Specialty Chemical Division), molecular weight = 570

89.5 PFOSEA (3M Specialty Chemical Division), molecular weight = 527
8.9.6 M556 (3M Specialty Chemical Division), molecular weight = 557
8.9.7 Surrogate standard: 4-H, perfluorooctane sulfonic acid (1-H,1-H, 2-H, 2-H

CyF13SO3H, [THPFOSY)), molecular weight = 428

89.8 Other fluorochemicals,a sppropriste

ETsa42 Page 30f15
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810 Reagent preparation
NOTE: Whe preparing different volumes than listed in reagent, standard, or surrogate

preparation, adjust accordingly.
* 8.10.1 10N sodium hydroxide (NaOH): Weigh approximately200g NaOH. Pour into a

1000mLbeaker containing 500 mL water, mix until all solids are dissolved. Store
ina 1 L polypropylene (or equivalent) bottle.

8102 1Nsodiumhydroxide (NaOH): Dilute 10N NaOH 1:10. Measure 10mL of
10N NaOHsolution intoa100mLvolumetricflaskandbring to volume using
water. Store ina 125mLpolypropylene (or equivalent) bottle.

. 8.10.3 0.5 M tetrabutylammonium hydrogen sulfate (TBA): Weigh approximately 169 ¢
of TBA into a | L volumetric containing 500mL water. Adjust to pH 10 using
‘approximately 44 to 54 mL of 10 N NaOH. (Add the last 1.0 mL of NaOH slowly,
as the pH changes abruptly)Diluteto volume with water. Storeina 1L.
‘polypropylene (or equivalent) bottle.

. 8.10.3.1TBArequires a checkpriortoeachusetoensure pH = 10. Adjustas
needed using 1 N NaOH solution.

8.10.4 0.25 M sodium carbonate/sodium bicarbonate buffer (NayCOy/NGHCOy): Weigh
approximately 26.5 gof sodium carbonate (N&;COs) and 21.0 g of sodium
bicarbonate (NaHCO) into a 1 L volumetricflask and bring to volume with water.
Store in a 1 L polypropylene (or equivalent) bottle.

811 Standards preparation
8.11.1 Prepare PFOS standards for the standard curve.
8.11.2Prepareother fluorochemical standards, as appropriate. Multicomponent

fluorochemical standards are acceptable (for example, one working standard
solution containing approximately 1.00 pg/L.of PFOS, PFOSA, PFOSAA,

+ PFOSEA, M556 and ECFOSE-OH).
8.11.3 Weigh approximately 100 mgofPOS into a 100mLvolumetricflask andrecord

the actual weight. For standards with K- or other salts, multiply by a correction
factor. For example, the molecular weight ofKPFOS = 538, and the molecular
‘weightof PFOS = 499, Calculate the correction factor by using the following
equation:

molecular w. PROS (499) _ ives .
“molecaiarwt.KPFOS(538) 09713 (Correctionfactor)

8.11.4 Bring to volume with methanol for a stock standardofapproximately 1000 pg/mL.
8.11.5 Dilute the stock solution with methanolfor aworking standard 1 solution of

approximately 50 pg/mL.

1000pgmLxS mL _(teri) pm
8.116 Dilute working standard 1 with methanol for a working standard 2 solution of

appro. 5.0 pg/mL.

ETS842 Pagedof15
3MEnvironmental Laboratory 000098 Page dd



3M Medical Department Study: T-6295.22 Analytical Report: FACT-TOX-160
LIMS E00-1668

Sopmixtomt) _(mgmt) sons
i 8.117 Dilute working standard 1 with methanol for a working standard 3 solution of

‘approx. 0.50 pg/mL.

Sougimixiont)(Batatzion) arn
8.12 Surrogate THPFOS stock standard preparation

8.12.1 Weigh approximately 50-60 mgof surrogate standard 1-H,1-H, 2-H, 2-H,
CsF13SO;H (THPFOS) into a 50 mLvolumetric flaskandrecord theactual weight.

8.12.2 Bring tovolumewithmethanolforasurrogatestockofapproximately 1000-
: 1200 pg/mL.

8.12.3 Prepare a surrogate working standard. ‘Transfer approximately 1mLofsurrogate
stock to a 10 mL volumetric flask and bring to volume with methanol for a
‘working standard of 100 pg/mL.Recordthe actual volume transferred.

9.0 SAMPLE HANDLING

91 All samples are receivedfrozenandmustbekept frozen until the extractionisperformed.

92 Allow samples to thaw at room temperature or in lukewarm water prior to extraction.

100QuanrvConrmor,
10.1 Solvent Blanks, Method Blanksand Matrix Blanks

10.1.1 Solvent Blanks: An aliquot of 1.0mLmethanol is used as a solvent blank.

10.1.2 Method Blanks: Following this procedure, extract two 1.0 mL aliquots of water
and use as method blanks.

10.1.3Matrix Blanks:Matrixblanksarepreparedfromoneofthree sources: 1) a study
control matrixfrom a study control animal received with each sample set; 2) a
commercially obtained sampleofthe same species as the study animals; or 3) a
surrogate matrix, also obtained commercially,butof adifferent species than the
‘study animal (e.g.ifrabbitisused to generate standard curves and CCVs fora

‘monkeyorratsera study).The matrix tousedependson whatmatrixisused for
the curve.

10.1.3.1Studycontrol matrix curve—TIf the study control matrix is used for the
curve, prepare two (2) matrix blanks using the study control matrix.

10.1.3.2 Commercially obtained (same species) matrix curve—If the curve is
prepared using commercially obtained matrix in the same species as the
study animal, prepare two matrix blanks using this same commercially
available matrix.

~ _ETSSa2 Pagesof 15
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10.1.3.3 Surrogate matrix curve—Ifa surrogate matrix is used for the curve and.
continuing calibration verification samples:

1 2) prepare two (2) matrix blanks usingthe surrogate matrix.
b) Also,prepare amatrixblank with each setof matrix spikes(asetis a

‘matrix spike/matrix spike duplicate at one level) using a commercially
available matrixof the same species asthestudyanimals.

102 Matrix spikes
10.2.1 Study Control Matrix Curve

No matrix spikes are prepared.
10.2.2 Commercially obtained matrix curve (same species)

No matrix spikes are prepared.
1023 Surrogate matrix curve,

‘Matrixspikesare necessaryifmatrixisnotavailableinthe same speciesasthe
study animal and a surrogatematrix is used forthecurve and CCVsamples (c.g.,
rabbit sera may be used to generate standard curves for a monkey sera study, due
to measurable levelsofendogenousanalytein the monkey sera). Prepare and
analyze matrix spikeand matrix spike duplicate samples to verify the accuracy of
the extraction for target analytes.

10.2.4 Prepare each MS and MSDattwo (2) levels (usually a lowandmid-range
concentration) using a sample chosen by the analyst, typically sera from a control
group animal received with each sample set.
1024.1 f there is not sufficient sera available from the control group, prepare:

matrix spikes using commercially available matrix from the same species as
the study animal.

10.2.5 Prepare one matrix spike and matrix spike duplicate at each level listed in 10.2.4.
per20samples,with aminimumof 2matrix spikesperlevelperbatch. Ifabaich
includes more than 20 samples,additional spikes may be prepared at the same,
Tow, or high range levels.

10.26Ifmore than 25%ofthe samples are SLOQ, two matrix spikes should be prepared
at approximately 2-5 times the expected LOQ.

10.2.7 Ifthe majorityofthe samples areat orabovethehighrangeofthe curve,
additional matrix spikes should be prepared to approximate sample concentrations.

10.3 Continuing calibration verifications (CCVs)
10.3.1 Prepare continuing calibration verification samples for instrument stability

verification during analysis. Prepare and analyze CCV for every assay run,
regardless of the matrix type used to prepare the standard curve.

10.3.2 Prepare each continuing calibration verification from the same matrix used to
prepare the intial curve (i.., either the study control matrix, commercial matrix of
same species, or surrogate matrix).

ETS842 0 Page 6015
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10.3.3 The expected concentrationsofthe CCVs will fall within the range of the initialcalibration curve; typically, the low to mid-range of the curve.
10.3.4 Prepare, at a minimum, two continuing calibration verifications, each ata different1 concentration, per group of 10 samples. For example,if a sample set = 34, eight(8) checks are prepared; four (4) at a low range and four (4) at a mid-range

concentration.
1035 Additional continuing calibration verificationsmaybe included at the same, low,‘mid or high-range concentration.

110 CALIBRATION AND STANDARDIZATION
111 Prepare matrix calibration standards

11.1.1 Transfer 1mL.ofappropriateserum to a 15mLcentrifugetube.If commercially
available seraiused, prepare twomatrixblanks, using the volumeofsera.
available for most study animals.

11.1.1.1 Depending upon study goals orifanalyte-free commercial sera is not
available, a surrogate matrixmaybeusedfor generationofthe calibration

. standard. For example, rabbit seramaybe used as asurrogate matrix for
rat studiesif quantitationofextremely low levels ofthe analyte is required.

11.1.2 If most sample volumes are less than1.0mL, extractstandardswith matrix
Volumes equalo the sample volumes. Do not extract less than0.50mL of matrix.
Record each sample volume on the extraction sheet.

11.1.3 While preparing a totalofthirteen aliquots in 15-mL centrifuge tubes, mix or shake
sera between aliquots.

11.1.4 Two 1-mL aliquots, or other appropriate volume, serve as curve matrix blanks.
Typically use thestandardconcentrations and spiking amounts listed in Table 1 at
theendofthissectiontospike one standard curve, for atotal ofninestandards,
two matrix blanks, andtwo method blanks.

11.15 Referto validation report ETS-8-4.0 & ETS-8-5.0-V-1, which lists the workingranges andthe Linear Calibration Range (LCR) for calibration curves.
11.1.6 See Section 13.0 to calculate actual concentrationsofPFOS in calibration

standards.
112 To each standard, blank, continuing check, and sample add an appropriate amount of

surrogate working standard to achieve a constant concentration that falls within the
calibrationcurve rangeof2.5 ng/mL~1000 ng/mL. Usually, samples are spikedfora
constant concentration in all samples at approximately 500 ng/mL or other concentration
as determined by the analyst.

113 Extract spiked matrix standards following 12.6-12.16ofthis method, Use these standards
to establish each inital curve on the mass spectrometer.

ETS842 Page 7015
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Table 1
, Approximate spiking amounts for standards and spikes
i Using 1.0 mL of matrix

Working standard uw ‘Approx. final conc. of
approx. conc.) einmatrix
11Bak |

[S00ppm17510025pom |

[00pm177790 1 0500pom |

[__500ppm20 "| 10pm |or

ROPeocepowe0000
121 Obtain frozen samples and allow to thaw at room temperatureorinlukewarm water,
122 Label a 15mLpolypropylene centrifuge tube with the studymumber,sampleID,dateand

analyst initial. See attached worksheet (Attachment A or similar worksheet) for
documenting the remaining steps.

12.3 Vortex mix for 15 seconds, then transfer 1.0mLor other appropriate volume to the
15 mL polypropylene centrifuge tube.

124 Return unused samples tofreezeafter extraction amounts have been romoved.
125 Record the inital volume on the extraction worksheet (Attachment A or similarworksheet).
126 Spike all samples, blanks and standards, that ae ready for extraction with surrogate

standard as described in 11.2.
127 Spike cach calibration standard matrix with the appropriate amountofstandard as

described in 11.1, or Table L in that section, for thecalibrationcurve standards. Also
‘prepare matrix spikesif necessary and continuing calibration standards.

128 Vortex mix the standard curve samples, matrix spike samples, and continuing calibration
samples for 15 seconds.

129 Check to ensure the 0.5 MTBA reagent is at pH 10. Ifnot, adjust accordingly.
1210 To each sample, add 1 mL 0.5 MTBA and 2mLof0.25M sodium carbonate/sodium

bicarbonate buffer.
1211 Using an bottle top dispenser or 5-10 mL graduated ghss pipette, add 5 mLmethyl ert-

butyl ether.
12.12 Cap cach sample and put on theshakeratasettingof300 rpm for 20 minutes.

ETS842 Pages ris
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12.13 Centrifuge for 20 to 25 minates atasetting of 3500 pm or until layers are well separated.
12.14 Labelafresh 15mLcentrifuge tube with the same information as in 12.5.

; 12.15 Remove 4.0mLof the organic (top) layer to this clean 15mLcentrifuge tube.

12.16 Put each sample on the analytical nitrogen evaporator until ry, approximately 1 to 2
hours.

12.17 Add 1.0mlofmethanoltoeach centrifuge tube using agraduated pipette.
12.18 Vortexmixfor 30 seconds,or longerifneeded.

12.19 Labela 1.5mLglass autovial (or low-volume autovial when necessary) with the study
‘number, animal numberandgender, sample timepoint, matrix,finalsolvent, extraction
date, and analyst(s) performing the extraction.

12.20 Attach a25mm,0.2pmnylon mesh filter to a 3mLsyringeandtransferthesamplefrom
step 12.18 to this syringe. Filter intothelabeled autovial.

12.21 Cap andstoreextractsatroom temperature or at approximately 4 °C untilanalysis.
12.22 Complete the extraction worksheet (AttachmentAorsimilar worksheet) and include in

the study binder.

13.0 DATA ANALYSIS AND CALCULATIONS

131 Calculations

13.1.1 Calculate actual concentrationsofPFOS, or other applicable fluorochemical, in
calibration standards using the following equation:

mLofstdxconcetratonofsd (si mL) = Fotomate —
mLof std +m ofsurrogatesid +initial matrixvolume (mL) Fag AL lof 2108 om

140MethopPERFORMANCE00000000
141 The method detection limit (MDL)is analyte and matrix specific.Referto MDL report

for specific MDLandlimit ofquantitation (LOQ)values(see AttachmentsB and C). At
thediscretionofthe PAI, MDL may not be defined for some studies.

142 The following quality control samples are extracted with cach batch ofsamples to evaluate.
the qualityofthe extraction and analysis.
14.2.1 Method blanks and matrix blanks.

14.2.2Ifsurrogatematrix isusedforcurve and QC,matrixspikeandmatrix spike
duplicate samples to verify extraction efficiency.

14.2.3 Continuing calibration check samples to determine the continued accuracy of theinca caliation curve.
14.3 Refer to section 14ofETS-8-5.2 for method performance criteria.
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15.0 POLLUTION PREVENTION AND WASTEMANAGEMENT
, 15:1 Dispose of sample waste, flammable solvent wasteandused glass pipette waste using
i proper methods and by placing each in their designated waste container.

16.0 Recorps
16.1 Complete the extraction worksheet attached to this method (or a similar worksheet), and

include in the study binder.

17.0 ATTACHMENTS
17.1 Attachment A, Extraction worksheet (a similar worksheet may be substituted for

‘Attachment A)
17.2 AttachmentB,MDL/LOQvaluesandsummary
17.3 Attachment C, Ion Pair Standard Curves worksheet (a similar worksheet may be

substituted for Attachment C)

BoRergmences000000000000
18.1 Thevalidation report associated with this methodisETS-8-4.0 & 5.0-V-1.
182 FACT-M-3.1, “AnalysisofSerum or Other Fluid Extracts for Fluorochemicals using

HPLC-Electrospray Mass Spectrometry”
183 ETS-8-5.2, “AnalysisofPotassium Perfluorooctanesulfonate or Other Fluorochemicals in

Serum Extracts Using HPLC-Electrospray/Mass Spectrometry”

19.0 AFFECTED DOCUMENTS
19.1 ETS-8-5.2, “AnalysisofPotassium Perfluorooctanesulfonate or Other Fluorochemicals in

Serum Extracts Using HPLC-Blectrospray/Mass Spectrometry”
20.0 REVISIONS r————————
Revision Revision
Number ReasonForRevision Date

1 Secon1221 Changed to inclsde sample stsat room temperature. [=r
Section 12.13Added hesheespc.
Section 12.17Final volume is 1.0mLnotaut forniavolumes es than 10m.

2 SectonLl, 2.1 Biminate‘ptasivm’ rom pefloroocnesufiaste
89.1 AK 0PFOS
£93AH 0PFOSAR
1021024, 14.22 Add information sboutwingsrogae mati, clcifycontrol mates nd

spiking th curve, change pikes to very 20 samples
103Clarity purpose of continuing calibration checks
11.1 Addedwerding aboutcontol aml srs, using and po sing commercially available
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MDIL/LOQ values for rabbit serum
Compound| MDL LOQ |LinearCalibration Range (LCR)

(ug/ml)| (ng/mL) |Approximate concentrations to be used for preparing
i the Standard Calibration Curve
[PFOS |174| 555 [5 ng/mL-1000 ng/mL.

[PFOSAA|346[ 205 [5 ng/mL-1000 ng/mL
EtFOSE-OH 5ng/mL~1000 ng/mL.
M536 [603|192 [5ng/mL1000 ng/mL
[PFOSEA|571| 182 [5ng/mlL—1000 ng/mL
MDL/LOQvaluesinrat,bovine,monkey,andhumanserum,andmonkeyplasmawerenotstatistically
determined. Twocurvesineachofthesematriceswereextractedandanalyzedwiththerabbitserom
curvestodetermine equivalence.Responsesintherat,bovine,monkey,andhumanwere equivalenttothe
rabbitresponses,therefore,theirMDLandLOQwillbethesamevaluesasdeterminedinrabbitserum.

PleaseseeLOQ Summary and MDL study in ETS-8-4.0 & 5.0-V-1 for further information.

AgpendisB:MDULOQ Values snd Summary ETS842 Page 120115
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Compound: EtFOSE-OHor
: Rabbit Serum of standards curve Range Range
* (ng/m (ng/mL)

ama | smes was
wae | mas ass

[xTwm Tomo |wn[wana|
‘Compound:PFOSEA
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ompound:M556
Preparedrange |LCRfrom| %Recovery RSDte] TE| RE RE ED

(ng/mL) ng/ml)

[mee[omon[mone | ew | a]
oom | ses sos
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- EXAMPLE

Ton Pair Standard Curves ~ Fluids
Analyst(s) Study number:

4 Prep date(s): Final solventandTN:
Analyte(s): Blank fluid/identifier: (Recon! matcix used o prepare

StudyAnimal Matrix :
Method/revision:
‘Targetanalyte(s):
FC mix std approx. 0.500 ppm:
FC mix std approx. 5.00 ppm: ated ’FERED scien
‘Surrogatestdapprox. 100 ppm:

Ite Ne Er
[0500T~0507T0552T0501|o0sal |0501| 0010 ]1015|

- [0500Toor1055 T0s0r|osat |osot| 0020 | noes |
[500[507 53% [soi|satIsot|os|tow|
[500W™5%7 | 532|soi_|sai® soi|ooo| tos|
[5.00§L_soTS(r 567m “gsorm lgomiK oso)|0020 | Loa |
[00® so. KsWHsii ff @s@& £301|ocos|too|

[500B_safi7[8524hA.0.0 1bool8 sod|000| ros|
[500T7501T7532[sor[sar[sor|oois| tow|
[sooT7500T7s52Tso 521| 500|ooo|1025|

Calculated concentrationsofstandardsinthesera matrix: Rabbitjg enn comet.rE
|493 "T~s00 T7524 TT494Tso |513T 100[oos5 |
[276 1os 1"toa "97|9s | t02 |

[aosTH 500lor2gfd| 501MShad[Finalconc
[ors =oWy 18 8THous @IWoom§Faod| ogni

[swe| mma 77 ow 76]
Coon1 ossTon | 05 | oir |

‘Validated ranges ~ approximate concentrations
[Sem |”PFOS__PFOSA__PFOSAA BIFOSE-OH_PFOSEA_Msse |

[ErTe> =
[Bovine |Estimatesonly.Usevalvesforrabbit |

Rat Estimatescoly.Usevaluesforrabbin |
[Fionkey& Plas |Estimatesonly.Usevaluesfor rabbit, |

[Human Testimatesonly.Usevaluesformabbun |
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- Copyof ring
. lod” Jol)

ChE re

3M ENVIRONMENTAL LABORATORY

METHOD

EXTRACTION OF POTASSIUM PERFLUOROOCTANESULFONATE OR OTHER
FLUOROCHEMICAL COMPOUNDS FROMLIVERFOR ANALYSIS USING HPLC-

ELECTROSPRAY/MASS SPECTROMETRY

Method Number: ETS-8-6.0 Adoption Date: pH2Llag

Revision Date: - NK

Author: Lisa Clemen, Robert Wymne

* Approved By:

4 To — on fog
Laboratory Manager Date

Dit fo F499
Group Leader Date

lah Qos ohm
"Technical Reviewer Date

1.0 SCOPE AND APPLICATION
1.1 Scope: This method is for the extractionof potassium perfluorooctanesulfonate (PFOS) or

other fluorochemical compounds from liver.
1.2 Applicable Compounds: Fluorochemical surfactants or other fluofinated compounds.
1.3 Matrices: Rabbit, rat, bovine, and monkey livers or other tissues es designated in the

validation report.

Word 6.095 ETS 860 Page lof1s
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2.0 SuMMARY oF METHOD
4 21 This method describes the procedure for extracting potassium perfluorooctanesulfonate(BFOS) or other fluorocheamical surfactants from liver, o othe tissues, using an ion pairingreagent and methyl-fert-buty! ether (MIBE). In this method, seven fluorochemicals can be.extracted: PFOS, PFOSA, PFOSAA, EXFOSE-OH, PFOSEA, M556, and surrogatestandard.An ion pairing reagentisaddedtothe sampleandthoanalyte ion pairis :partitioned into MBE. The MIBE extract i transferred to a centrifuge tube and put onto anitrogen evaporator until dry. Each extract is reconstituted in 1.0 mL methanol thenfiltered through a 3 cc plastic syringe attached to 0.2 pm nylonfilterinto glass autovials.

. 2.2 These sample extractsareanalyzed following methodETS-8-7.0orotherappropriate‘methods.

3.1 PFOS: perfluorooctanesulfonate (anionofpotassium salt) C,F,SO,
32 PFOSA: perfluorooctane sulfonylamideCF, SO,NH,
33 PFOSAA: perfluorooctane sulfonylamido (ethyl)acetateCyF,SO;N(CH,CH,)CH,CO,
34  EFOSE-OH: 2(N-ethylperfluorooctane sulfonamido)-ethyl alcohol

CiF,SO,N(CH,CH,)CH,CH,0H
35 PFOSEA: perfluorooctane sulfonyl ethylamide C,F,,SO;N(CH,CH,i
3.6 MSS6: CF,SO.N(H)(CH,COOH)
37 Surrogate standard: 1H-1H-2H-2Hperflucrooctane sulfonic acid

4.0. WARNINGS AND CAUTIONS _ —
41 Health and Safety Warnings:

41.1 Use universal precautions, especially laboratory coats, goggles, and gloves when
handling animal tissue, which may contain pathogens.

- 5.0 INTERFERENCES presse ——
5.1 There are no interferences known at this time.

60Eouemenr0000000000000
6.1 The following equipment is used while performing this method. Equivalent equipment is

acceptable.
6.1.1 Ultra-Turrax T25 Grinder for grinding liver samples
6.12 Vortex mixer, VWR, Vortex Genie2.
613 Centrifuge, Mistral 1000orIEC
6.1.4 Shaker, Eberbach or VWR

ETS860 Page2of14
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6.15 Nitrogen Evaporator, Organomation
6.1.6 Balance (sensitivity 1.0.10 g)

7.0 SUPPLIES AND MATERIALS
71 Gloves
72 Dissecting scalpels
73 Eppendorfor disposable pipettes
7.4 Nalgene bottles, capableofholding 250 mL end 1 L.
7.5 Volumetric flasks, glass, type A
7.6 1-CHEM vials, 40 mL glass
7.7 Plastic sampule vials, Wheaton, 6 mL (or appropriate size)
7.8 Centrifuge tubes, polypropylene, 15 mL
79 Labels
7.10 Oxford Dispensor ~3.0 to 10.0 ml
7.11 Syringes,capableof measuring5kLto 50 pL
7.12 Graduatedpipettes < .
7.13 Syringes, disposable plastic,3 cc
7.14 Syringe filters, nylon, 0.2 um, 25 mm
7.15 Timer
7.16 Crimp cap autovials and caps
7.17 Crimpers >
Note:Priortousingglasswareandbottles,rinse 3timeswithmethanoland 3timeswithMilli-Qtwater. Rise syringe aminimumof meswithmethanol, 3sassfom 3 seprste

s.

B80REAGENTSANDSTANDARDS
81 Typel reagent grade water, Milli-Q™ or equivalent all waler used in this method should

‘be Milli-Q™ waterandbeprovidedby a Milli-QTOC Plus™system
82 Sodium hydroxide (NaOH), J.T Baker or equivalent

. 83  Tetrbutylammonium hydrogen sulfate(TBA), Kodak orequivalent .
84 Sodium carbonate (N&;COy), IT. Bakeror equivalent .
85 Sodium bicarbonate (NaHCO), J.T. Baker or equivaltat
86 Methyl tert-butyl ether, Omnisoly, glass distilled or HPLC grade
87 Methanol, Omnisoly, glass distilled or HPLC grade
88 Liver,frozenfrom supplier
89 Dryice from supplier
810 Fluorochemical standards

8.10.1 PFOS (3M Specialty Chemical Division), molecular weight= 538

ETS860 Page30f14
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8.10.2 PFOSA (3M Specialty Chemical Division), molecular weight= 499
8.10.3 PFOSAA (3M Specialty Chemical Division), molecular weight = 585

i 8.10.4 EtFOSE-OH (3M Specialty Chemical Division), molecular weight = 570
8.10.5 PFOSEA (3M Specialty Chemical Division), molecular weight =527

. 8.10.6 MSS6 (3M Specialty Chemical Division), molecular weight = 557.
8.10.7 Surrogate standard: 4-H, perfluorooctane sulfonic acid(1-H,1-H, 2-H, 2-H

C,F,,SO,H) molecular weight =428
8.10.8 Other fluorochemicals, as appropriate

811 Reagent preparation
NOTE:Whenpreparing largervolumesthanlistedinreagent, standard, or surrogate.
‘preparation, adjust accordingly.
811.1 10Nsodiumhydroxide(NaOH): Weigh approximately200 NaOH. Pourinto a

1000mLbeakercontaining500mLMilli-Q™water, mix untilalsolidsare
dissolved. Store ina 1 L Nalgene bottle.

8.11.2 1 N sodiumhydroxide(NaOH): Dilute 10 NNaOH 1:10. Measure 10mLof
~~ 10 NNaOHsolutioninto a 100mLvolumetricflask anddilutetovolumeusiog

. Milli-Q™ water. Store ina 125mLNalgenebottle.
8113 0.5 M tetabutylammonium hydrogen sulfate (TBA): Weigh approximately 169 g

©TBA into a 1 L volumetric containing 500 mL Milli-Q water. Adjust to
PH 10usingapproximately44 to 54mLof 10 N'NaOH(Whileadding thelastmL
OfNaOH, add slowly because the pH changes abruptly). Dilute to volume with
Milli-Q™ water. Store ina 1 L Nalgene bottle.
8113.1TBArequires &checkpriortoeachuse to ensurepH = 10.Adjustas

needed using 1 N NaOH solution.
8.11.4 0.25 M sodium carbonatelsodium bicarbonatebuffer(N2,CO,/NaHCO,): Weigh

approximately 26.5 gofsodium carbonate (N,CO;) and 21.0 gofsodium
bicarbonate (NAHCO,) into 1 Lvolumetric flask and bring to volume with Milli-
QM water. Storeina 1 L Nalgene bottle.

812 Standards preparation
8.12.1 Prepare PFOS standards for the standard curve.

- 8.12.2 Prepare other fluorochemical standards, as appropriate. Multicomponent
fluorochemical standards are acceptable (for example, one working standard
solution containing 1.00 ppm PFO, 1.02 ppm PFOSA, 0.987ppmPFOSAA, and
1.10 ppm EtFOSE-OH.)

8.12.3 Weigh approximately 100 mg ofPFOS into a 100 mL volumetric flask and record
the actual weight.

8.12.4 Bring to volume with methanol for a stock standardofapproximately 1000 ppm
(kg/mL).

8.12.5 Dilute the stock solution with methanol for a working standard 1 solution of
approximately 50 ppm.

ETS860 Page dof 14
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8.12.6 Dilute the stock solution with methanol for & working standard 2 solution ofapprox. 5.0 ppm.
8.12.7 Dilute the stock solution with methanol for a working standard 3 solution of1 approx. 0.50 ppm.

813 Surrogate stock standard preparation
8.13.1 Weigh approximately 50-60 mg ofsurrogate standard1-H,1-H, 2-H, 2.H,

‘C.F,;SO,H into a 50 ml volumetric flak and record the actual weight,
8.13.2 Bring to volumewith methanol for a surrogate stockofapproximately 1000-1200ppm.
8.13.3 Prepare a surrogate working standard. Transfer approximately 1.0 ml of surrogatestockto a 10mlvolumetricflask andbringtovolumewithmethanol fora‘working standard of 10-20 ppm. Record the actual volume transferred.

2.0 SAMPLE HANDLING
9.1 Allsamplesarereceivedfrozenandmustbekept frozenuntilteextractionisperformed.

10.0 QuavTy ConTROL
10.1 Matrix blanks and method blanks

10.1.1 An aliquot of 1.0 mL methanol is used as asolvent blank.
10.1.2 Extract two 1.0 mL aliquotsof Milli-™ water following tis procedure and useasmethod blanks.
10.1.3 Extract two 1.0 mL aliquots ofiver homogenate folowingthisprocedure and use:

2s matrix blanks. Referto 1116.
102 Matrix spikes

+ 102.1Prepare and analyze matrix spike and matrix spike duplicatesamplesto determinethe accuracy ofthe extraction.
10.22 Prepare cach spike using a sample chosen by the analyst, usually acontrol liver

received with each sample st.
102.3 Expected concentrations wil al in the mid-rangeofth initial calibration curve.

- Additionalspikesmaybeincludedandmayfalin thelow-range ofthe initial
calibration curve.

10.2.4 Prepare one matrix spike and matrix spike duplicate per 40 samples, with a
minimum of2 matrix spikes per batéh.

10.3 Continuing calibration verifications
10.3.1 Prepare continuing calibration verification samples to ensure the accuracy ofthe

inital calibration curve,
10.3.2 Prepare, at a minimum, one continuing calibration verification sample per group

of 10 samples. For example, ifa sample set = 34, four verifications are prepared
and extracted.

ETS860 Page Sof 14
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103.3 Prepare each continuing calibration verification from the same matrix used to
prepare the initial curve.

103.4 The expected concentrations will fall within the mid-rangeofthe initial
i calibration curve. Additional spikes may be included that fal in the low-range of

the initial calibration curve. This is necessaryifthe analyst must quantitate using
only the low endofthe calibration curve (for example, 5 ppb — 100 ppb, rather
than 5 ppb — 1000 ppb).

11.0 CALIBRATION AND STANDARDIZATION _ ir
111 Prepare matrix calibration standards

11.1.1 Weigh approximately 40 gof liverinto a 250 mL Nalgene bottle containing 200
‘ms Milli-Q™ water. Grind to a homogeneous solution.

11.1.2 1£40gisnotavailable,use appropriateamountsofliverand water to ensurea 1:5,
ratio.

11.13 Refer to 13.0 to calculate the actual densityofliver homogenate and the
concentrationofsolid liver tissue dispersed in 1.0mLofhomogenate solution.

11.1.5 Add 1 mLof homogenate to a 15 mL centrifuge tube. Re-suspendsolutionby
shaking between aliquots while preparing a totalofeighteen 1 mL aliquots of
homogeneous solution in 15mLcentrifuge tubes.

11.16 Two 1 mL aliquots,orother appropriate volume, serve as matrix blanks.
11.1.7 Typically se the standard concentrations and spiking amounts listed in Table 1, at

the endofthis section, to spike, in duplicate, two standard curves, for atotal of
eighteen samples,twomatrix blanks, andtwomethodblanks.

11.1.8 Refer to validation reports ETS-8-6.0 and ETS-8-7.0-V-1orAttachmentB,
‘which lists the working ranges and the Linear Calibration Range (LCR) for
calibration curves.

11.19 Use Attachment C as an aid in calculating the concentrationsof theworking
standards. Refer to 13.0 to calculate actual concentrations of PFOS in calibration
standards.

11.2 To each working standard, bla, or continuing verification, add appropriate amount of
- surrogate workingstandardfortheconcentrationtofal withinthecalibrationcurverange 5

‘ppb 1000ppb.

ETS860 000115 Page6orls
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11.3 Extract spiked liver homogenates following 12.14-12.25ofthis method. Use these

3 standardstoestablisheachinitialcurveonthemassspectrometer.

‘Table 1

Approximate Spiking Amounts for Calibration Standards

‘Working Standard ul Approx. final conc. of

(Approx. Conc) PFO in liver
TTBak |

00pm| 10 omspm|
050ppm[20|00s0pm |
0S0pm|#0 010mm|

5250gm
Sopm [50 070mm

Comm14 10pm |

120 ProcEpuRe. —_—
12.1 Obtain frozen liver samples. -

122 Cut approximately1 gof liver using adissecting scalpel. “Thispartoftheprocedureisbest

‘performed quickly, not allowing the liver to thaw.

123 Weigh the sample directly into ataredplasticsampulevial.

12.4 Record the liver weight in the study notebook.

12.5 Returnunusedliver portionstofreezer.

. 12.6 Add 2.5mLsof waterto sampule vial.

12.7 Grind the sample. Put the grinder probe in the sample and grind for about 2 minutes, or

until the sample is homogeneous.

12.8 Rinse the probe into the sample with 2.5 mls water using a: pipette.

129 Take the grinder apart and cleanitwith methanol after each sample. Refer toAMDT-EP-

22.

12.10 Cap the sample and vortex for 15 seconds. Label the sampule vial with the study number,
weight, liver ID, date and analyst initials.

mss 000116 paged
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12.11 Pipette 1.0 mL, or other appropriate volume, ofhomogenate into 2 15 mL polypropylene

centrifuge tube, Label the centrifuge tube with the identical information as the ssrapule
‘vial. Refer to attached worksheet for documenting the remaining steps.

12.12 Pipette two 1 mL aliquotsofMilli-Q™ water to centrifuge tubes. These will serve as
‘method blanks.

12.13 Spike all samples, including blanks and standards ready forextractionwith surrogate.

standard as describedin section 11.2.

12.14 Spike each matirx with thie appropriate amountofstandardas described in 11.1,or Table 1

ofthat section, for the calibration curve standards. Also prepare matrix spikes and

continuing calibration standards.

12.15 Vortex mix the standard curve samples, matrix spike samples, and continuing calibration
samples for 15 seconds.

12.16Checktoensure 0.5 MTBAreagentisatpH 10. Ifnot,adjustaccordingly.

12.17 Toeachsample,add 1 mL-0.5 MTBAand 2mLofthe 0.25 M sodium ‘carbonate/sodium

‘bicarbonate buffer. .

12.18 Using an Oxford Dispenser, add 5 mL methyl-ert-butyl ether.

12.19 Capeach sampleand putontheshakerat asettingof 300rpm,for20 minutes.

12.20 Centrifugefor20 to 25 minutesat asettingof3500 rpm, or until layersarewell separated.

12.21 Label a fresh 15 mL centrifuge tube with the same information as in 12.10.

12.22 Remove 4.0 mL ofthe organiclayer to the fresh 15 mL centrifuge tube.

12.23Puteach sampleontheanalyticalhitrogenevaporatoruntildry, approximately 1 to 2
‘hours.

12.24 Add 1.0mLtoeachcentrifugetubeusing agraduatedpipette. ~

12.25 Vortex mix for30seconds.
12.26 Attach 2.0.2 umnylonmesh filter to a3cosyringeand transferthesampletothissyringe.

‘Filterinto a 1.5mLglass autovialorlow-volume autovialwhennecessary.

12.27 Label the autovial with the study number, animal number and gender, sample timepoint,

* ‘matrix, final solvent, extraction date, and analyst(s) performing the extraction.

12.28 Cap and store extracts at room temperature or at. approximately 4 °C until analysis.

12.29 Complete the extraction worksheet, attachedto this document,andtape in study notebook:

or include in study binder, as appropriate.

ETS:860 000117 ESM
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13.0 DATA ANALYSIS AND CALCULATIONS
13.1 Calculations:

q 13.1.1 Calculate the average densityofthe liver homogenate by recording each mass of
‘ten separate 1.0 mL aliquotsofhomogenate.

Average density (mg/mL) =Averagemass(me)ofthe aliquots
1.0m aliquot,

13.12 Calculate the amountofliver (mg) per 1.0 mL homogenate (or concentration of
dispersed solid tissue per mLofhomogenate suspension) using the following
equation:
gofLiverxAverage density*ofhomogenate(mg/mL)

(gofLiver+ gofWater)
*refer to 13.1.1 fordetails. |

13.13 Calculate actual concentrations of PFOSandofhes fluorochemicals in calibration.
standards using the following equation:

LLofStandardxConcentration(ug/mL) = Final Concentration (ug/g or m/ke)
‘mg Liver/ 1mLhomogenate* ofPFOS in Liver

*refer to 13.1.2for details.

140METHODPERFORMANCE
"141 The method detection limit (MDL)is analyteandmatrix specific. RefertoMDL report for

Specific MDL and limitofquantitation (LOQ) values (refer to Attachments B and C).
142 The following quality control samples are extracted with cach batchofsamples to cvalusts

the qualityofthe extraction and analysis.
14.2.1 Method blanks and matrix blanks.
14.22 Matrix spikeandmatrixspike duplicate samplestodetermine accuracy and

- ‘precisionofthe extraction.
14.23 Continuing calibration verification samples to determine the continued acouracy

ofthe inital calibration curve.
14.3 Refer to section 14 of ETS-8-7.0 for method performance criteria.

15.0 POLLUTIONPREVENTIONANDWASTEMANAGEMENT

15.1 Sample waste is disposed in biohazard containers, flammable solvent waste is disposed in
high BTU containers, and used glass pipette waste is disposed in broken glass containers
located in the laboratory.

E5860 000118 Page9ofid
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16 Recoros
16.1 Complete the extraction worksheet attached to this method, and tape in the study notebook

, or include in the 3-ring study binder, as appropriate.
4

17.0 TABLES. DIAGRAMS, FLOWCHARTS, AND VALIDATION DATA
17.1 Attachment A, Extraction worksheet
17.2 Attachment B, MDL/LOQ values and summary
17.3 Attachment C, Calibration standard calculation and concentration worksheet

‘180 R Lo

18.1 The validation reportassociatedwiththismethod is ETS-8-6.0 & 7.0-V-1.
182 AMDT-EP-22, “Routine MaintenanceofUltra-Turrax T-25™
183 FACT-M-1.1, “Extraction of BFOS orOtherAnionic Fluorochemical Surfactants from

Liver for Analysis Using HPLC-Electrospray/Mass Spectrometry”

19.0AvpecrepDocuments
19.1 ETS-8-7.0, “AnalysisofLiver Extracts for Fluorochemicals using HPLC-Electrospray

Mass Spectrometry”

20.0 Revisions preemie————
Revision Revision
Number, ‘Reason ForRevision Date.
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SudyF_____ |SumogweSd| FCMixS@| FCMixS@| FCMxS@ | Comments
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MDL/LOQ values for rabbit liver

Compound| MDL | LOQ| Linear Calibration Range (LCR)
(ppb) | (ppb)| Approximate concentrations to be used for preparing the

1 Standard Calibration Curve

[PES 845 | 269 |30ppb- 1200 ppb
PEOSA |3.50|T1.1 [12ppb—1200 ppb
[PFOSAA|246|783 |30ppb- 1200 ppb
FTFOSE-OH|108|345|60ppb ~900ppo*

[M536 823 |262|60ppb-1200ppb
[PFOSEA| 339 |105 | 30pob-1200 ob,
'MDL/LOQvaluesinrat,bovine,andmonkeyliverwere not statisticallydetermined. Two

curvesineachofthesematriceswereextractedandanalyzedwith therabbitliver curvesto

determineequivalence. Responsesintherat, bovine,and monkey livercurveswereequivalent to
‘therabbitresponses,therefore, theirMDLandLOQwillbeassumedtobeequivalenttothose
‘valuesas determinedfortherabbitliver. .

Referto LOQ Suramaryand MDLstudyinETS-8-6.0&7.0-V-1forfurtherinformation +

* EtFOSE-OHestimatesonlyforMDLandLOQ.Didnotmeetcriteriaforvalidation.
‘Compound: PFOS

Prepared| Ramgeof CROW] Ramgeol LORE Tamgeof IOREGR]
Liver | ramgeof | avenge avewuve| lowswd lows] - highs Fras
mani| sndads | eave iiin| cave Gmendl ee ommedd]

omi| ob o_o i | ob) ont 3Gp a) pnt 5b Gt

[omJeon om | em |mn
‘Compound: PFOSA

Prepared| Ramgeof EGRESS,| Rasgeof  LCRfomT| Rangeof CLOREOmZ]
Liver | mogeof| avenge Cmekver| lowsd IGV3QLS| highed {higha
oe| ms| Se S| sen] Se be

[Jn[oon |ee |wn po |
. Compound: PFOSAA

Fropaed| Wamgeof  UCKfiom| Wamgeof LORfom'| Ramgeof  LORGam
Liver | rgeof| vege weave| lwsd  lowsd| hghed ghd |
mac| snduts| cave ane ames | ame am

poy ny| 620, oo pm | 39) ) pnt)|Go) Gorm ent

[im [Cm|eomown[we |
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Compound: EtFOSE-OHSE ror eT
i| ver| mogeof| aemge weeurve | lows lowsd | highed highs| SE [= STE Gh
[om [rms Soon [va

Compound: PFOSEAEE re TTwe| Tor | TT er To
mavix | sands| cave piiieii| curve curve| curve Ceurve|

[nosSm]on] |
ompound:M556 -rTET TEE THE
Lier | mogeol| avenge ave lowsd war | highs + high|
mais| sanduds| ame ESSE cave owed] cave Hierogy|ont) 8) at os es 50i]os apes ty Gg
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Ton Pair Standard Curves — Tissue

4 Prepdate: Standard number:
Analyte(s: Equipment number:
Sample matrix: FinalsolventandTN:

Blank liver/identifer:
Methodsevision:

Targetanalyte): .
FC mixstd appros.0.500pps:
FC mixstd appro.5.00ppm:
FC mix std approx. 50.0 pp:

Surrogatestd approx. 100ppm:

ActualconcentrationsofstandardsintheFCmix

REETSticonc|Stdcone| Stdeons| Sudcons| Sulcone| Stdcons| Sulconc | Austspiced| Densityir[or [or[Er [ET ae [aa [2[C000T0500[050 | 0500|0500 |0500[|voor[aie][0500T0500[0500[0500 | 0500 |G00[| eooi[wie] -[C0500|0500| 0500|os | 0500 | 0500| Goro ater][C0500T0500| 0500[0500 | 0500| as00| waa |oie][0500[0500[0300| 050 | 0500|ws00[| Goso |oer][C500 5mTso s00|500[500|| oro orer|[50[500[500 50|s00[500| ota [ter][So[500[500|50[500| 500| oas0 Jore](oT300 | 500 | 00 | 500 |s00|| sor Jore]
Calculated concentrationsofstandards in the sample matrix _-
FOS | FFOSA| PFOSAA| EINOSE|PFOSEA| MSs Sorrogaie | ATFil | Fim |Flcome| Foul | Fal | Fil | Scone| Sacssc| Amt
we | we we|vs we | ww

[599[so[5%[500Ts | 500[|oTows|
Fae a ae ae ae 1
[295 [209 [29| 9[299 | 209 [| Suse

IERCmTmTmTeeme we
[29[m9[20[aoTo[9| 1 osm |
[Co | m9 |s0 |sw[ 0|sw [7]
IC 0 0 0OY
IE 0 0 00 0 CE |

Validatedranges - approximate concentrations sro

=———————
[Ret Tsimsels]
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10 Scope AND APPLICATION
1.1 Scope: This method describes the analysisofserum extracts for fluorochemical surfactants

using HPLC-lectrospray/mass spectrometry.
12 Applicable Compounds: Flaorochemical surfactants or other fluorinated compounds, or

other ionizable compounds.
13 Matrices: Rabbit, rat, bovine, monkey, and human serum,orother fluids as designated in the

validation report.

Word 695 ETS 52 Page lofAte nt Sor Bor immense 000124
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2.0 SUMMARY OF METHOD.
21 Although supported by a validation for most commonlyused matrices, this is a

i performance-based method. Careful attention shouldbepaid to method QC as there is greatvariability in sera. This method describes the analysis of fluorochemical surfactants
extracted from serum or other fluids,using HPLC-electrospray/mass spectrometry, orsimilar systemas appropriate. The analysis is performed by monitoring asingle ion
characteristic ofaparticular fluorochemical, such as the perfluorooctanesulfonate (POS)
anion, m/z= 499. Additionally, samples may be analyzed using atandem mass spectrometer
tofurtherverify the identityof a compoundbydetecting daughter ionsofthe parent fon.

3.0 DEFmvrTIONS
31 Atmospheric Pressure Lonization (APT): The Micromass Quattro Il and Ultima triple

‘quadrupole systems allow for various methodsofionizationby utilizing various sources,
probes, and interfaces. These include but are not limited to: Electrospray Ionization (ES),
Atmospheric Pressure chemical lonization (APC), Thermospray, etc. The ionization process
in these techniques occurs at atmospheric pressure (i. not under a vacuum).

32 Electrospray Ionization (ES, ESD: amethodofionization performed at atmospheric
pressure, whereby ionsinsolution are transferred to the gas phase viatiny charged droplets.
These charged droplets are produced bytheapplicationofastrong electrical field.

33 Mass Spectrometry, Mass Spectrometer (VS), Tandem Mass Spectrometer
(MS/MS): The APT Quattro IT and Ulima triple quadrupole systems are equipped with
quadrupole mass selective detectors. Tons are selectively discriminated by mass to charge
ratio (m/z) and subsequently detected. Asingle MSmaybe employed for ion detectionor a
Series (MS/MS) for more specific fragmentation information.

34 Conventionalvs. Z-spray probe interface: The latest modelsof Micromass triple
‘quadrupole systems (post 1998) utilize a *Z-spray” conformation. The spray emitted from a
probe is orthogonal to the cone aperture. In the conventional conformation it is aimed
directly at the cone aperture, after passing through a tortuous pathway in the counter
electrode. Though the configuration is differcat, the methodsofoperation, cleaning, and
‘maintenance are the same. However, Z-spray components and conventional components are
not compatible with one another, but only with similar systems (ic., Z-spray components are
‘compatible with some otherZ-spraysystems, etc.)

35 Mass Lynx Software: System software designedforthe specific operation of these.
Quattro II triple quadrupole systems. Currently MassLynx has Windows 95 and WindowsNT
4.0 versions. Allversions are similar. For moredetalssee the manual specific to the
instrument (Micromass Quattro II or Ultima triple quadrupole MassLynx or MassLynx NT
User's Guide).

40WamvncsaMoCaumons
41 Health and Safety Warnings:

4.1.1 Use caution with the voliage cables for the probe. When engaged, the probe
employs a voltage of approximately 5000 Volts.

Word 695 _EmSS2  0goqR5  Fus2olt
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4.12 When handling samples or solvents wear appropriate protective gloves, eyewear,
and clothing.

42 Cautions:
: 4.2.1 Do not operate solvent pumps above capacity of400 bar (5300 psi) back pressure.

Ifthe back pressure exceeds 40 bar, the HPLC wil initiate automatic shutdown.
4.22 “Do not run solvent pumps to dryness.

50Iremepmevces 0000000
5.1 To minimize interferences when analyzing samples, Teflon shouldnotbeused for sample

storage orany part of instrumentation that comes in contact with the sample or extract.

SOFouewesr 000
6.1 Equipment listed belowmaybemodifiedin order to optimizethesystem. Document any

‘modificationsintheraw data as method deviations.
6.1.1 Micromass Quattro IT or Ultima triple quadrupole Mass Spectrometer equipped

with an electrospray ionization source
6.12 HP1100 or Agilent low pulse solvent pumping system, solvent degasser, column

‘compartment, and autosampler

70SuepuesANDMaTERIALS
7.1 Supplies

7.1.1 High purity grade nitrogen gas regulated to approximately 100 psi (Houseairor
nitrogen system)

7.2 HPLC analytical column, specifics to be determinedbythe analyst and documented
inthe raw data.

7.13 Capped autovialsandcapped 15 mL centrifuge tubes

8.0 REAGENTS AND STANDARDS
81 Reagents

8.1.1 Methanol, HPLCgradeor equivalent
8.1.2 Milli-Q™ water, all water used in this method should be Milli-Q™ water or

equivalent, and may be provided by a Mil-Q TOC Plus system or other vendor
8.13 Ammonium acetate, reagent grade or equivalent

82 Standards :
8.2.1 Typically two method blanks, two matrix blanks, and eighteen matrix standards are

prepared during the extraction procedure. See ETS-8-4.2.

_Emses2 000126  Pessofll
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9.0 SAMPLE HANDLING

91 Fresh matrix standardsare prepared with cach analysis. Extracted standards and samples
are stored in capped autovials or capped 15 mL centrifuge tubes until analysis.

© 92 Ifanalysis will be delayed, extracted standards and samplescanbe refrigerated at
‘approximately 4° C, or at room temperature, until analysis can be performed.

10.0 QuaLITY CONTROL

10.1 Solvent Blanks, Method Blanks and Matrix Blanks

10.1.1 Solvent blanks, method blanksandmatrix blanks are prepared andanalyzedat least
‘once duringthe course ofthe study to determineif contamination occurred during,
‘sample prep.

10.1.2 Analyze at least onesolventblank prior to each calibration curve.

10.1.3 Matrix blanks should be analyzed with each sample listthatincludes undiluted
extracts.

10.2 Matrix Spikes

102.1 1¢curvesandmethod QCareprepared in asurrogate matrix (e.g. curves in rabbit
sera,samplesaremonkeysera),matrixspikesandmatrixspikeduplicates are
prepared in blank samplematrix (e.g., monkey sera) and analyzed to verify
extraction efficiency.

10.2.2Ifcurves andmethodQCarepreparedinthesamematrix as samples, no additional
‘matrix spikes are required.

10.3 Continuing Calibration Verifications (CCVs)

10.3.1 Continuing calibration verifications are analyzed to verify the continued accuracy of
the calibration curve.

103.2 Analyze two calibration standards (one at each of2 levels) after every one to ten
‘samples, with a minimumoftwo per batch and always finishing an injection
sequence withatleast two calibration standards.

11.0 CALIBRATIONANDSTANDARDIZATION

11.1 Analyze theextracted matrix calibration standards prior to each set of extracts. The curve
willbeplottedbylinear regression, weighted 1/x, not forced through zero, using MassLynx
or other suitable software.

11.2 If thecurvedoes not meet requirements, perform routine maintenance, reextract samples, or

reanalyze the standard curve.

113 For purposes of accuracy when quantitating levelsofanalyteatthe limitsofthe curve
range, it maybe necessary to use either the low end or the high endofthecalibration curve
rather than the full rangeof the standard curve. Example: when attempting to quantitate
approximately 10 ppb of analyte, it may be beneficial to generate 2 calibration curve
consisting ofthe standards from 5 ppb to 100 ppb rather than the full range. of the curve (5

ppb to 1000 ppb). This will reduce inaccuracy attributed to linear regression weighting of

ETsesz Page dof 11
3M Environmental Laboratory ren 000127 Page 73



3M Medical Department Study: T-6295.22. Analytical Report: FACT-TOX-160
LIMS 00-1668

high concentration standards. I is also acceptable to break the linear range into a low curve
and ahigh curve. If this is done, no more than one pointshouldbe used in common between
the curves. For example, the low curve may include the following points: 1, 5, 25, 100, 250

. ppb and the high curve mayincludethe points: 250, 500, 750, 1000, 1250 ppb.

12.0 PROCEDURES
12.1 Acquisition Set up

12.1.1 On the MassLynxmain page, set up asample lst name. Save the list as instrument
designator letter, last 2 digitsoftest year-mo-day, and a letter that will increase

throughthe alphabetwitheachadditional is for that day.
Example Sample List:IYYMMDDa or D010712a
Ininstrument name (D for “Davey”
Y=year of test (01)
MM=monthoftest (07)
DD=dayoftest (12)

a=first samplelist(run)ofthe day(thenext sample lst will end with ‘b,"
the next ‘c” and s0 on.)

12.1.2 Assign a filenameusingtheinstrument designator letter, the last 2digits of year-mo-
day,and a 3-digit sequentialfile umberthat startswith |andincreasesbyonefor
each filename.

‘Example File Name:TYYMMDD## orD010712001
I=instrument name (D for “Davey”)
Y=year of test (01)
MM=monthoftest (07)
DD=dayoftest (12)
##=3-dligit sequential file numberstarting with 1 through 999 (001)

Als,aspactofthesamplelst,assign amethod(MS)foracquiring,aninletfile, a
bottle number, an injection volume and sample descriptions.

12.1.3 To create a method, click on Method Editor button in the MS Status Pane and
select SIR (Single Ion Recording) or MRM (Multiple Reaction Monitoring). Set
Tonization Mode as appropriate and massto 499 or other appropriate masses. Also
set the acquisition startandstop times. Save acquisition method. IfMS/MS
instruments are employed, additional product ion fragmentation information may be
collected. See Micromass MassLynx GUIDE TO DATA ACQUISITION for
additional information and MRM.

12.1.4 Typicallythe analytical batch run sequence begins with solvent blanks and aset of
extracted matrix standards. Bi

12.1.5 Sampleextractsare analyzed with two CCVs injected every one to ten samples.
Solvent blanks should be analyzed periodically to monitor possible analyte carryover
and are not considered sample extracts but may be included as such.

ETSS852 Page Sof 11
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12.2 Using the HPLC
12.2.1 Set up sample tray according to the sample lst prepared in Section 12.1.1,

: 12.2.2 Set-up the HPLC to the following conditions or at conditions the analyst considers
* ‘appropriate for optimal response. Record actual conditions in the instrument

Togbook:
1222.1 Sample size = 10 pL injection
1222.2 Injectsample = 1
122.2.3 Cycletime = 10.0 minutes.
122.2.4 Flow rate = 300 pLimin
122.2.5 Mobile Phase (program)

= acetate(in HO)
[00min | To%I o0% |
[100m | 10%| 00% |
[50min | 05% | 5% |
[7.50mn| 05% | 56 |
(80min | 10% | 90% |

123 Ynstrament Set-up
123.1 RefertoETS-9-24formore details.
123.2 Checkthesolventlevelinreservoirs andrefill if necessary.
12.3.3 Checkthestainlesssteelcapillaryattheendofthe probe. Usean eyepieceto check

the tip. Thetip shouldbeflat with no jaggededges.Ifthetipisfound10 be:
unsatisfactory, disassemble the probe and replace the stainless steel capillary. The
probe should be checked weekly.

12.3.4 SetHPLC pumpto“On”.Settheflowto10- 500 L/minorasappropriate.
Observe droplets coming outofthe tipofthe probe.

12.3.5Turnonthe nitrogen. A firemistshouldbeexpelled with nonitrogen leaking
around thetipof the probe. Readjust the tip oftheprobeifno mist is observed.

12.3.6 The instrument uses these parameters at the following settings. These settings may
change in order to optimizetheresponse:
12.3.6.1 Drying gas 250-400 lters/our
12.3.62 EST nebulizing gas 10-15 liters/hour
123.63 HPLC constant flow mode, flow rate 10 500 wLimin
12.3.6.4 Pressure <400 bar (This parameterisnot set, it is a guide to ensure the

HPLC is operating correctly.)
1237 Carefully guide the probe into the opening. Insert probe unil it will not go any

further. Connect the voltage cables to the probe.
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12.3.8 Printthetune pags, MS file, HPLC parameters, sample list andthe Microsoft Word
summary page and store in the study binder with a copy taped into the instrument
log.

1 12.3.9 Click on start button in the MassLynx main page (this may vary among MassLynx
versions, see appropriate MassLynx USER'S GUIDE). Ensure startandend sample
‘number includes allsamplesto be analyzed.

130DaTAANALYSISANDCALCULATIONS
13.1 Calculations:

13.1.1 Calculate matrix spike percent recoveries using the following equation:

ObservedResult~MatrixBlank Result} % Recovery = a x 100

13.1.2 Calculate percent difference using the following equation:

_ ExpectedCone. Calculated Cone.% Difference = Celie x 100

13.14 _Calulate actual concentrationof PFOS, or other fluorochemical, in matrix
(ng/mL):

{Conc of PFOSCal fromSud.Curve (ng/mL) xDilutionFactor) 1p
(Initial Volume of Matrix nl) +_mLof Surrogate Standard) T0005

“FinalVolume (mL)

14.0 METHOD PERFORMANCE
14.1 Method Detection Limit (MDL) and Limitof Quantitation (LOQ) are method, analyte, and

‘matrix specific. Please see ETS-8-4.2, Attachment B, fora listing ofcurrent validated
MDL and LOQ values.

1422 SolventBlanks,Method Blanks, and Matrix Blanks
14.2.1 Solvent blanks, method blanks, and matrix blanks values must be below the lowest

‘active standard in the calibration curve.
14.3 Calibration Curves

14.3.1 The coefficientofdetermination value for the calibration curve must be 0.990 or
better.
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14.3.2 All active calibration curve points must be within 25%ofthe theoretical value withthe exception of the LOQ point, which may deviate up to 30%.
14.3.3 Calibration standards with peak areas les than two times the curve mateix blank

4 must be deactivated to disqualify a data range that may be affected by background
levelsofthe analyte.

143.4 Low or high curve pointsmaybe deactivated to optimize a linear range appropriate
to the data.

14.35 Not including loworhigh points dropped to optimizethe linear range, curve points
‘may be deactivatedifthey deviate more than 25% from the theoretical value when
thecurveisevaluated over alinear rangeappropriate tothedata.

14.3.6 OnepointbelowtheLOQmayremainactive even if itdeviatesmorethan£30%or
has apeak arealessthantwo timesthe matrixblank;however,theLOQwillbe

definedat the lowest pointwithacceptable deviation.
14.37 A validcalibrationcurve must contain at least 5 active points above and including

the LOQ.
144Matrix Spikes

14.4.1 The average matrix spike percent recoveries should be within + 30% of the spiked
concentration. Recoveries outside ofthis range should be discussed in the report.

145 Continuing Calibration Verifications (CCVs)
14:5.1 Continuing calibration samples within the linear rangeofthe run must show a

percent recovery within 25%ofthe spiked concentration. Ifa CCY is outside of
this recovery, subsequent data should not be accepted. Acceptable data must be.
bracketed by the curve and passing CCV.

14.6 If criteria ted inthismethod performance section isn't met, maintenance may be
performedonthesystemandsamples reanalyzedorotheractionsasdeterminedbythe
analyst. Document al actions in the appropriate logbook. .

14.7 Ifdataaretobereported whenperformancecriteriahavenotbeenmet,thedatamustbe
footnotedon tablesanddiscussedin the extofth report.

15.0 POLLUTION PREVENTIONAND WASTE MANAGEMENT.
15.1 Sample extract waste and flammable solvent is disposed in high BTU containers, and glass

‘pipette waste is disposed in broken glass containers located inthe laboratory.

16.0 Recoros
161 The fist page of each data packet generated fora study must have the following

information included either in the header, in the footerorhand written on the page: study
or project number, instrument, sample matrix and time point, date, and analyst.

162 A data packet includes the following: data review summary form, MassLynx quantify
‘compound summary report for each target analyte, quantify calibration report for each
target analyte (curve), method report, Word document isting set-up parameters, tune.
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method report, MassLynx scanning method report, HPLC method report, sample list, and
quantity sample report (chromatogram).

163 For each analysis, ater printing the tune method report, Word document listing, set-up
: ‘parameters, MassLynx scanning method report, and sample list, copy and tape into the

instrument runlog. The original is maintainedin the data packet.
16.4 On each pageofthe quantify compound report, quantify calibration report (curve), andquantify sample report (chromatogram), the following information must be included either

in the header,thefooter, or hand writtenon the page: study or project number, instrument,
‘method, calibration (the method and calibration are usually assigned the same name),
analyst, and date.

16.5 The analyst mustdateandinitialthefirstpagein a packetaslongastheirinitialsanddate
areelectronicallyincluded on each page.Ifinitials anddateare not electronically included,
they must date and initial each page.

16.6 Summarize data using suitable software (e.g. Excel) for inclusion in the final report. See
Attachment A for an example ofa summary spreadsheet.

167 Backupelectronicdatatoappropriate medium. Recordthe filenameand locationof
backupelectronicdataininstrumentlog book.

17.0 TABLES, DIAGRAMS, FLOWCHARTS, AND VALIDATIONDATA
17.1 Attachment A: Datasummaryspreadsheet.

OReverevees
18.1 FACT-M-4.1, “ExtractionofPotassium Perfluorooctanesulfonate or Other Fluorochemical

compounds from Serum for Analysis Using HPLC-Electrospray/Mass Spectrometry
18.2 ETS-9-24.0, “Operation and Maintenanceofthe Micromass Atmospheric Pressure:

Tonization/Mass Spectrometer Quattro I triple quadrupole Systems”
18.3 “The validation report associated with this method is ETS-8-4.0 & 5.0-v-1.

190ArcgcrepDocumewts
19.1 ETS-8-4.2, “ExtractionofPotassium Perfluorooctanesulfonate or Other Fluorochermical

‘Compounds from Serum for Analysis Using HPLC-Electrospray/Mass Spectrometry”
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20.0 REVISIONS

Revision Revision
4 Number, ReasonForRevision Date

1 Section 6.1.2 ClarificationofHP1100 system components. 04/02/99
Section 11.1 Averageoftwo curves, not standard values, are used for
plottinglinear regression andaddedthe 1/x weightingof the curve.
Section 12.2.2.4 Clarificationofsolvent ramp.
Section 17.1 Changed from attachmentB to A.

2 10.1Clarifiedwhenblanksarerun.eatssos
10.3Specifyrequirements for CCV.Ronen hewion caeber he pes
11.2 Clarifywhattodo if curvedoes notmeetrequirements.
15 Rowtesec

12.1.1Clarify samplelistID.
12.13 Clary typical run.

12.2Changes tomobilephasegradientandspecifyflowrate.
Petesto compere alltiv35Vn diveclenonsamt chensnk poe.
1433 Whendecaclan sanded wileherrntesvinsnd fmi013icosandesCCV
brekewhwiiptnAanfontsso decom.
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Laboratory Study #

© Suey
Eo —
MaixFinal Solvent:
MethodRevison:
Analytica EquipmentSystem Number:
Instrment SoftwareVersion:
Filename:
ReSquared Value:
Sige:
¥ Inept
Date ofExracton/Analyst:
Dateof Analysi/Analyst:

[mr omer cme Tore Toe| "oie|

Stoper Taken fom lncar romresion cavaion.
Grouo/Dase: Taken fom th study foes,
Samples Takenfrom thestudy folder
Concentration (atm: Token fom the MassL yn nearaton summary.
Intl Volume (mL): Taken fom the stdy folder.
Dilation Factor: Taken from the study fold.

Final Cone.(sghnL:. Calculated by dividing the ntlvolumefrom th concentration

Auschment A: Summary Spreadshet ETS852 Page tof 11
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1.0. SCOPE AND AppICATION
1.1 Scope: This method is forthe analysisof liver extracts for fluorochemical surfactants using

HPLC-electrospray/mass spectrometry.

1.2 Applicable Compounds: Fluorochemical surfactants or ober fluorinated compounds, or
other ionizable compounds.

1.3 Matrices: Rabbit, rat, bovine, monkey liver, or other tissues as designated in the validation

report
Word 5s Ersen0 Page taf10

3M Environmental Laboratory 000135 Page 81



3M Medical Department Study: T-6295.22 Analytical Report: FACT-TOX-160
LIMS E00-1668

2.0 SUMMARY OF METHOD.
© 21 This method describes the analysisoffluorochemical surfactants extracted from liver using
i HPLC-electrospray/mass spectrometry, or similar system as appropriate. The analysis is

‘performed by monitoring a single ion characteristic ofa particular fluorochemical, such as
the perfluorooctanesulfonate (PFOS) anion, m/z = 499. Additionally, samples may be
analyzed using a tandem mass spectrometer to further verify the identity ofa compound by
detecting daughter ionsofthe selected parent ion.

3.0 DeFnTIONs
3.1 Atmospheric Pressure Ionization (API): The Micromass QuattroI triple quadrupole

Systems allow for various methods ofionization by utilizing various sources, probes, and
interfaces. These include butare not limited to: Electrospray Ionization (ESI), Atmospheric
‘Pressure chemical Ionization (APC), Thermospray, etc. The ionization process in these:
techniques occurs at atmospheric pressure (i.e. not under a vacuum).

32 Electrospray Ionization (ES, ESD: a methodofionization performed at atmospheric
pressure, whereby ions in solution are transferred to the gas phase via tiny charged droplets.
Thesecharged dropletsareproducedbythe applicationofa strongelectricalfield.

3.3 Mass Spectrometry, Mass Spectrometer (MS), Tandem Mass Spectrometer (MS/MS):
‘The API Quattro I triple quadrupole mass spectrometer is equipped with two quadrupole.
‘mass selective detectors and a collision cell. Tons are selectively discriminatedbymass to
charge ratio (m/z) and subsequently detected. A single MS may be employed for ion
detection or an fon may be selected in the first quadrupole, fragmented in the collision cell,
and these fragments may be analyzedinthe second quadrupole.

3.4 Conventional vs. Z-spray probe interface: The latest models of Micromass Quatro Il
triple quadrupole (post 1998) utilize a “Z-spray” conformation. The spray mitted from a
probe is orthogonal to the cone aperture. In the conventional conformation it is aimed
directly at the cone aperture, afer passing through a tortuous pathway in the counter
electrode. Though the configuration is different, the methodsofoperation, cleaning, and

: ‘maintenancearethesame.However,Z-spray componentsandconventional componentsare
not compatible with one another, but only withsimilarsystems (i.c. Z-spray components are
compatible withotherZ-spray systems, elc.)

3.5 Mass Lynx Software: System software designed for the specific operationofthese Quattro
triple quadrupole systems. Currently MassLynx has Windows 95 and WindowsNT 4.0

Versions. All versionsare similar. Formoredetails refer tothe manualspecifictothe
instrument (Micromass Quattro IT triple quadrupole MassLynx or MassLynxNTUser's
Guide).

40WARNINGSANDCAuTIONS

41 Health and Safety Warnings:
411 Use caution with the voltage cables for the probe. When engaged, the probe

employs a voltageof approximately 5000 Volts.

FS870 000436  ruezori0
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4.1.2 When handling samples or solvents wear appropriate protective gloves, eyewear,
and clothing.

42 Cautions:
4.2.1 Operate the solvent pumps below a back pressure of 400 bar (5800 psi).Ifthe back

pressure exceeds 400 bar, the HP1100 will initiate automatic shutdown.

422 Donotrun solvent pumpsto dryness.

50IntemeemeNces
51 To minimize interferences when analyzing samples, Teflon shall not be used for sample

storageor anypart ofinstrumentationthatcomes in contactwiththesampleor extract.

SoFoueweNr
6.1 Equipmentlistedbelowmaybemodifiedinordertooptimize thesystem.Documentany

‘modificationsin therawdataasmethoddeviations.
61.1 Micromass QuattroI riple quadrupole Mass Spectrometerequippedwith an

electrospray ionization source.
6.1.2 HP1100 low pulse solvent pumping system, solvent degasser, column.

compartment, and autosampler

7.0_ SUPPLIES AND MATERIALS

7.1 Supplies -
7.11 Highpuritygradeairregulatedto approximately 100psi (houseairsystem)
7.1.2 HPLC analytical column, specifics to be determined by the analyst and documented

: in the raw data.
71.3 Cappedautovialsor capped 15 mlcentrifuge tubes

8.0REAGENTSANDSTANDARDS

81 Reagents
8.1.1 Methanol, HPLC grade or equivalent

8.1.2 Milli-Q™ water (ASTM type I), all water used in this methodshouldbe ATSM
type I, or equivalent, and be provided by a Milli-Q TOC Plus system or other
‘vendor

8.13 Ammonium acetate, reagentgrade or equivalent

8.13.1 When preparing different amounts than those listed, adjust accordingly.

8.1.3.2 2.0 mM ammonium acetate solution: Weigh approximately 0.300 g
‘ammonium acetate. Pour into a 2000 mL volumetric container containing
2000 mL Milli-Q™ water, mix until all solids are dissolved. Store at room
temperature.

ETS870 Page 3010
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82 Standards
82.1 Typically two method blanks, two matrix blanks, andeighteen matrix standards are

J ‘prepared during the extraction procedure. Refer to ETS-8-6.0.

2.0 SampLE HANDLING rm — _
9.1 Freshmatrixstandardsare prepared with cach analysis. Extracted standards and samples.

are stored in capped autovials or capped 15 ml centrifuge tubes until analysis.
9.2 Ifanalysis will be delayed, extracted standards and samples may be stored at room

temperature,orrefrigerated at approximately 4° C, until analysis can be performed.

10.0 QuALITY CoxTrOL peer ——— ecm
101 Method Blanks and Matrix Blanks

10.1.1Solvent blanks, method blanks, and matrix blanks are preparedand analyzed with
each batch to determine contaminationorcarryover.

10.1.2 Analyzeamethodblank and a matrix blank prior toeachcalibrationcurve.
102 Matrix Spikes

102.1 Matrixspikesarepreparedandanalyzedto determinethe matrix effectonthe
recovery efficiency.

10.22 Matrix spike duplicates are prepared and analyzed to measure the precision and the
recoveryforeach analyte.

10.2.3 Analyze a matrix spikeandmatrix spike duplicate per forty samples. With a
‘minimum of2 spikes per batch.

10.2.4 Matrixspikeand matrix spike duplicate concentrationswillfall in the mid-range of
the initial calibration curve. Additional spike concentrations may fall in the low-
rangeofthe initial calibration curve.

+103 Continuing Calibration Checks
103.1 Continuing calibrationverifications are analyzed toverifythecontinuedaccuracy

ofthe calibration curve.
° 10.3.2 Analyze amid-range calibrationstandardeverytenth sample, with aminimumof

one per batch.

11.0 CALIBRATION AND STANDARDIZATION
11.1 Analyze the extracted matrix standardspriorto and following each setofsample extracts.

The averageoftwo standard curves will be plotted by linear regression (y =mx +b),
weighted 1/x, not forced through the origin, using MassLynx or other suitable software.

11.2 Ifthe curve does not meet requirements perform routine maintenance of reextract the
standard curve (if necessary) and reanalyze.

S370 000: Pagedof 10
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11.3 For purposesof accuracy when quantitating low levels of analyte, it may be necessary to
use the low endofthe calibration curve rather than the full rangeofthe standard curve.
Example: when attempting to quantitate approximately 10 ppbofanalyte, generate a

4 calibration curveconsisting ofthestandards fromSppbto 100ppb ratherthanthefull
rangeofthe curve (5 ppb to 1000 ppb). This will reduce inaccuracy attributed to linear
regression weightingof high concentration standards.

2OProceouRes 00000000000
12.1 Acquisition Set up

12.11 Setup the sample list.
12.1.1.1 Assign a sample list filename using MO-DAY-last digitof year-increasing.

letter ofthe alphabetstartingwitha
12.112 Assign amethod(MS file) for acquiring
12.1.3 Assign an HPLC program (Inlet file)
12.1.1.4 Type in sample descriptions and vial position numbers

12.1.2 To create amethod click on method in the Acquisition contro] panel then mass
spectrometer headings and select SIR (SingleIon Recording) or MRM (Multiple

Reaction Monitoring). Set Tonization Modeasappropriateandmass to 499or other
appropriate masses.A fullscanisusually collected alongwiththe SIRs. Save
acquisition method. If MS/MS instruments are employed, additional product ion
fragmentation information may be collected. Refer to Mictomass MassLymx
‘GUIDE TO DATA ACQUISITION for additional information and MRM.

12.1.3Typicallytheanalyticalbatchrunsequencebeginsandendswith asetofextracted
‘matrix standards.

\ 12.1.4 Samplesareanalyzedwithacontinuing calibration verification injected standard
after every tenth sample. Solvent blanks should be analyzed periodically to

‘monitorpossible analyte carryover and are not considered samples but may be
included as such.

122 Using the Autosampler
122.1 Setup sampletrayaccording tothe samplelstpreparedinSection 12.1.1.

- 12.2.2 Set-uptheHP1100/autosampleratthefollowingconditionsoratconditionsthe
analyst considers appropriate for optimal response. Record actual conditions in the
instrument logbook:
12.2.2.1 Sample size = 10 uL. injection.

12.222 Inject/sample= 1
1222.3 Cycle time = 9 minutes

ESE Page Sof10
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12.2.2.4 Solvent ramp conditions

Time MeOH 20mM
4 Ammonium acetate

: [ooomm[am| am |
[Tomin.[40%| em |
[ESmin195% [5% |
[E5mn| os% sn |
[Town |a [Go|
(Omi1a0%|6%]

12.2.2.5Pressthe “Start” button.

12.3 Instrument Set-up : .
12.3.1 Referto ETS-9-24.0, “Operation and MaintenanceoftheMicromass Quattro II

‘Triple Quadrupole Mass SpectrometerFitted with an Atmospheric Pressure
Ionization Source,” for more details.

12.3.2 Check the solvent level in reservoirs and refillif necessary.
12.3.3 Checkthe stainless steel capillaryattheendoftheprobe. Useaneyepiecetocheck

the tip.Thetipshould be flat with no jaggededges. If the tip isfoundtobe
unsatisfactory, disassemble the probe and replace the stainless steel capillary.

12.3.4 Tum on the nitrogen.

12.3.5 Open the tune page.Clicks on operate to initiate source block and desolvation
‘heaters.

12.3.6 Open the Inlet Editor.

. 12.3.6.1 Set HPLC pump to “On”
12.3.62Setthe flowto 10 - 500wLrminorassppropriste
12.3.6.3Observedroplets comingoutofthe tipoftheprobe. Afinemistshould be

expelledwith no nitrogen leaking aroundthetip ofthe probe. Readjustthe tpofthe probe ifno mist is observed
~ 12.3.6.4 Allow to equilibrate forapproximately 10 minutes.

12.3.7 The instrument uses these parameters at the following settings. Thess settings may
changeinorder to optimize the response:
12:37. Drying gas 250-400 lters/hour
12.3.7.2 ESI nebulizing gas 10-15 liters/our
12.3.7.3HPLCconstantflowmodeflowrate 10 — 500uL/min .

12.3.7. Pressure <400bar(This parameter is not st tis aguide to ensure the
HPLC is operating correctly.)

12.3.7.5 Source block temperature 150°

123.76 Desolvation temperature 250°

T5870 Page 60£10
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12.3.8 Print the tune page, with ts parameters, and sore tin the study binder with a copy+ taped into the instrument log.
. 12.3.9 Click on start button in the Acquisition Control Panel (this mayvaryamongi MassLynx versions, refer to appropriate MassLynx User's Guide). Ensure start and‘end sample number includes all samples to be analyzed.

13.0 DATA ANALYSIS AND CALCULATIONS
13.1 Caleulations:

13.1.4 Calculate matrix spike percent recoveries using the following equation:
%Recovery= ObservedResult-BackgroundResultx 100

Expected Result
13.15 Calculate percent difference using the following equation:
%Difference= Expected Cone, - Calculated Cone, x 100 .

‘Expected Conc.
13.1.6 Calculateactualconcentrationsinmatrix (ug/g):

| {ngofPFOS calc. fromstd. Curve xDilutionFactor) x lug(nitia] WeightofLiver (g) 10000g
Final Volume (mL)

14.1 Method Detection Limit (MDL) and Limitof Quantitation (LOQ) are method, analyte, and‘matrix specific. Referto ETS-8-6.0, Attachment B for a listing ofcurrentvalidated MDLand LOQ values.
142 Solvent Blanks, Method Blanks and Matrix Blanks .

© 14221Solvent blanks,methodbinks,andmatrix blanksmustbebelowthe loweststandard in the calibration curve.
143 Calibration Curves |

143.1 The © value for the calibration must be 0.980 orbetter.
© 144 Matrix Spikes

14.4.1 Matrix spike percent recoveries must be within + 30%ofthe spiked concentration.
145 Continuing Calibration Verification ~~

14.5.1 Continuing calibration verification percent recoveries must be within 30%ofthespiked concentration.
14.6 Ifcriteria listed in the method performance section are not met, maintenance may be.

performed on the system and samples reanalyzed or other actions as determined by theanalyst. Document all actionsinthe appropriate logbook.

E5870 Page 7f10
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147 Ifdata are to be reported when performance criteria have not been met, the data must befootmoted on tablesanddiscussed in the textofthe report.

* 15.0 POLLUTION PREVENTION AND WASTE MANAGEMENT
15.1 Sample extract waste and flammable solvent is disposed in high BTU containers, and glasspipette waste is disposed in broken glass containers located in the laboratory,

60Recors 00000
16.1. Eachpage generated for astudymusthavethefollowinginformationincluded eitherinthe.headerorhandwritten onthepage:studyorproject number,acquisitionmethod,integration method, sample name, extraction date, dilution factor (fapplicable), and

analyst. :
162 Printthetunepage,sample list,andacquisition methodfromMassLynxtoincludeinthe‘appropriatestudy folder. Copythese pagesand tapeintothe instrument runlog.
163 Plotthecalibration curveby linearregression,weighted 1/x, then printthesegraphsandstore in the study folder.
164 Printdataintegrationsummary, integrationmethod, and chromatogramsfromMassLynx ~~and store in the study folder.
165 Summarize data using suitable software (Excel 5.04) and store in the study folder, refer toAttachment A for an exampleof a summary spreadsheet.
166 Back up electronic data to appropriate medium. Record in study notebook the file nameand locationofbackup electronic data.

17.0 TABLES. DIAGRAMS, FLOWCHARTS, AND VALIDATION DATA
17.1 AttachmentA: ETS-8-7.0 Data summary spreadsheet

IOReweReNces0000000000000
18.1 FACT-M-2.1, “ExtractionofPotassium PerfluorooctanesilfonateorOtherFluorochemical

‘Compounds from Liver for Analysis Using HPLC-Electrospray/Mass Spectrometry”
- 182 ETS-9-24.0, “Operation and Maintenanceofthe Micromass Atmospheric Pressure

Ionization/Mass Spectrometer QuattroI triple quadrupole Systems”
183 The validation report associated with this method is ETS-8-6.0 & 7.0-V-1

+ 120ArgcrecDocowews
19.1 ETS-8-6.0, “ExtractionofPotassium Perfluorooctanesulfonate or Other Fluorochemical

‘Compounds fromLiver or Fluid for Analysis Using HPLC-Electrospray/Mass
Spectrometry”
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DARGVGIONS
Revision Revision

; Number ReasonForRevision Date

ETS8.70 Page9of10
3MEnvironmental Laboratory 000143 Page 89



3M Medical Department Study: T-6295.22 Analytical Report: FACT-TOX-160
LIMS E00-1668

Laboratory Study #

Study:
Test Materia:
MauFinal Solvent:
MethodRevision:
Analytical Equipment Sysém Number:
Instrument SofvareVersion:
Filename:
ReSquared Vale:
Slope:
Yntereept‘© Duteof Exiacton/Amyst:DateofAuysisAnalys:

- SpE HN= eon SaGroup/Dose: Takenfomthe sud folder.
Sample: Takenfom thestay oder‘Concentration (ag): Taken from he MassLy nigraion suis.InitialWe.(9): Taken romthe syfolder.
Dilution Factor: Takenfom thestudy folder.
Final Con. ug) Clete by dividingth nti! volumefromthe concentration
- —
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Appendix D: Data Summary Tables

Table 9. Data Summary for PFOS In Serum FACT-TOX-160—pg/mL.
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Appendix E: Data Spreadsheets
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Appendix F: Example Calculations

Formula UsedforSera Analyses InStudy FACT TOX-160

AR (ng/mL) x DF x_FV (mL) x_10pg = ReportedConcentration(ug/mL)
EV (ml) ~10000g

Calculation Used for Group 1, Week 17, Animal ID 105505M

4575ng/mLx200x 10mL x 1Opg = 14.5 pg/mL
063m 1000ng

AR— Analytical result from MassLynx summary
DF— Dilution factor
FV—Final extract volume (1.0 mL unless otherwise noted)
EV—Volume ofsera extracted

Formula UsedforLiver AnalysesinStudy FACTTOX-160

AR (ng/g) x dcurve® x DF x _10pg = Reported Concentration (ug/g)
3 sample 1000 ng

® 3curveisassumedto be;_1gliver
SmLH0

Calculation Used for Group1, Week 53, Animal ID 105505M

6607ng/g x 1g/SmL x50 x 1Oug = 325pgg
10160g/ SmL 1000 ng

AR— Analytical result from MassLynx summary
3 curve—Density of theliverstandard curve,assumedtobe 1gliver/Smiwater
3 sample—Density of the liver sample (g sample/ 5 mL H;0)
DF— Dilution factor

3M Environmental Laboratory Page 23
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Appendix G: Interim Certificate(s) of Analysis
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CentreAnalytical Laboratories, Inc.
ata Collage, PA T6807 wicanirabcom

'e Phone:(814) 231-6052 Fax:(814)231-1253or(614)231-1680
INTERIMCERTIFICATE OFANALYSIS

Centre Anya Laboratories COA Reference: 023-0184 hventre aboratories: erence #: 023-01 Cc
3MProduct: PFOS,Lot217 - fabsReference#: SD-018

Parity: 869%

Eo eimrm EEEATrinrge g]
TaentiicationCe1 1 ewe |als (CPM

1. Calcium 1 0.008wesw
2. Magnesium 2. 0001 wim
3. Sodium 5 L430win
4. Potassium 4 6809 wink
5. Nickel 5. <0.001 wt/ot%
6 kon 6. 0005wins
7. Manganese 7._<0.001 wiiut%

[Toul Impurity MR)|7]TSTwih% |

| =]
ewRelated Compounds —

[ResidualSolvents (TGA)||NoneDetesied |
TnorganicAnions

I. Chloride 1 <001Swns
2. Fluoride 2 0s9wm%
5. Bromide 5. <00d0 ws
4 Nite 4 <0009wim
5. Nite 5. <0006 weiwt%
6. Phosphate 6 <0.007wiwi%
7. Sulfate 7. B36wiimt%

Organs Acids ™10)
1. TFA 1 <01wens
2. PFPA 2. <01 wits
3. HFBA 3 00wti%
4 NFPA 4028wiiwih

Elemental Analy”
1. Carbon 1 TheoreticalValue=17.8% 1 1248 wes
2. Hydrogen 2. Theoretical Value =0% 2. 024wa%
5. Nitrogen 3. Theoretical Value =0% 3 174w/n%)
4 sulfor 4 TheoreticalValue = 5.95% 4 saawind
5._Fiuorine 5. Theoretical Value =60% 5. satwilwit

coansansa Page tor
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CentreAnalytical Laboratories, Inc.
3078 Research Diva Ste Coleg,PA T Can ARBET

® Phone: (814)231-8032 Fax: (814)231-1253or(814)231-1580

INTERIM CERTIFICATE OFANALYSIS
Revision 3

Centre Analytical Laboratories COA Reference #: 023-0184
DateofLast Analysis: 08/31/00

‘Expiration Date: 08/31/06

Storage Conditions: Frozen <-10°C

Re-assessment Date: 08/31/06

"Purity = 100% - (sum ofmetal impurities, 1.45% +LC/MS impurities,8.41% Inorganic
Fluoride, 0.59%+NMR impurities, 1.905%+organic acid impurities, 0.38%+POAA,
0.33%)

‘Total impurity fromalltests= 13.07%
Purity = 100%- 13.07%= 86.9%

Potassium is expected in this salt form and is therefore not considered an impurity.

Purityby DSC is generally not applicable to materials of low purity. No endotherm was
observed for this sample.
“Sulfurinthesampleappearstobe converted to SO andhencedetectedusing the
inorganicanionmethod conditions. Theanionresult agrees well with the sulfur
determinationintheelementalanalysis,lending confidencetothisinterpretation. Based
‘on the results, the SOx is not considered an impurity.

“tA [—
HFBA Heptafluorobutyric acid
NFPA 'Nonafluoropentanoic acid
PFPA Pentafluoropropanoic acid

“Theoretical value calculations based on the empirical formula,CiF17SO;K"(MW=538)

This work was conductedunderEPA Good Laboratory Practice Standards (40 CFR 160).
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Centre Analytical Laboratories, Inc.
3048 Research Divo Stal Colage,PA T6301 wWicaniiabeon

A Phone: 616)2918022 Fax. (914) 291-1253or(514) 231.1580
INTERIM CERTIFICATE OFANALYSIS

Revision 3
Centre Analytical Laboratories COA Reference #: 023-018A

LOMS Pury Profile:

I1%SO
Cerm
=rw

we — wm
——¢& ua

CC mom 7sar

Note: The C4 andC6valueswere calculatedusingtheC4andC6 standardcalibration
curves, respectively. The CS value was calculated using the average result from the C4
and C8 standard curves. Likewise, the C7 valuewas calculatedusingthe average result
from the C6 and C8 standard curves.

PreparedBy: le fo softer_
Charles Si Date
Scientist, Centre Analytical Laboratories

Reviewed By: ply
Flaherty Date

‘Laboratory Manager, Centre Analytical Laboratories
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3M ENVIRONMENTAL LABORATORY

Note to File

Project or Study Number: FACT-TCR-001

Associated StudyNumber: LIMS #E00-1682

ToecaptaindsorPOS or 71 217 (50091 S008) beced 5yum (R310)
1sabilywasdemonicWISTSCli,WATTS hoc)wdBOLOMe |

(biodegradation). —

~ We oli

Recorded By: Date
isa Cle 08/03/01LisaClemen (3) orloslo,

. actmyot0edFomeTs 10 oligo
intel Date
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Appendix H: Report Signature Page

Soul May 3, ror
Andrew Seacat, Ph.D., Study Director

Gloon 7. Bulloinlerff fy 3, 2002.
John Butenhoff, Ph.D., SponsorRepresentative Date

Cli A Clin, . osfoifoa
Lisa Clemen,PrincipalAnalytical Investigator Date

Pr.aa oTora
William Reagen, Ph.D., Analytical Laboratory Manager Date
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