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| 3M ENVIRONMENTAL LABORATORY.

|
METHOD

| EXTRACTION OF POTASSIUM PERFLUOROOCTANESULFONATE OR OTHER
. FLUOROCHEMICAL COMPOUNDS FROM SERUM FOR ANALYSIS USING HPLC-

| ELECTROSPRAY/MASS SPECTROMETRY

| Method Number: ETS-8-4.1 Adoption Date: 03/01/99

1 Revision Date:

| Author: Lisa Clemen, Glenn Langenburg

| Approved By:

' Laboratory Manager Date

| Group Leader Date

] Technical Reviewer Date

' 1.0 SCOPE AND APPLICATION

11 Scope: This method is for the extractionofpotassium perfluorooctanesulfonate (PFOS)
‘or other fluorochemical compounds from serum.

12 Applicable compounds: Fluorochemical surfactantsorother fluorinated compounds.

13 Matrices: Rabbit, rat, bovine, monkey, and human serum or other fluids as designated in
the validation report.

. 004347
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2.0 SUMMARY OF METHOD
2.1 This method describes the procedure for extracting potassium perfiuorooctanesulfonate

(FOS) or other fluorochemical surfactants from serum, or other fluids, using an ion
pairing reagent and methyl-fert-butyl ether (MBE). Inthis method, seven fluorochemicals
were extracted: PFOS, PFOSA, PFOSAA, E{FOSE-OH, PFOSEA, M556, and surrogate:
standard (see 3.0 Definitions). An ion pairing reagent is added to the sample and the
analyte fon pair i partitioned into MBE. The MIBE extract is removed and put onto a

} nitrogen evaporator until dry. Each extract is reconstituted in 1.0 mLofmethanol, then
Filtered through a 3 cc plastic syringe attached to a 0.2 wm nylon filter into glass autovials

22 These sample extracts are analyzed following method ETS-8-5.1 or other appropriate
] method.

1 3.0 DEFINITIONS
31 PFOS: perfluorooctanesulfonate (anion ofpotassium salt) CFyrSO5™

| 32 PFOSA: perfluorooctane sulfonylamide CsFirSONH:
33 PFOSAA: perfluorooctane sulfonylamido (ethyDacetate CyFirSOsN(CH:CHs)CH:CO:
34 EFOSE-OH: 2(N-ethylperfluorooctane sulfonamido)-ethyl alcohol

CsF17S02N(CH,CH;)CH,CH,0H

3.5 PFOSEA: perfluorooctane sulfonyl ethylamide CsF17SO;N(CH:CHs)H :

I 3.6 M556: CsF1;SO:N(H)(CH;COOH)

| 37 Surrogate standard: 1H-1H-2H-2H perfluorooctane sulfonic acid

4.0 WARNINGS AND CAUTIONS
| 41 Health and safety warnings

4.11 Use universal precautions, especiallylaboratory coats, goggles, and gloves when
] ‘handling animal tissue, which may contain pathogens.

5.0 INTERFERENCES
| 5.1 Therearenointerferencesknownatthistime.

| 60 EQUIPMENT
t 6.1 The following equipment is used while performing this method. Equivalent equipment is

acceptable.
6.1.1 Vortex mixer, VWR, Vortex Genie 2
6.1.2 Centrifuge, Mistral 1000 or IEC

i 6.1.3 Shaker, Eberbach or VWR 004348

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

7.0 SUPPLIES AND MATERIALS
7.1 Gloves

7.2 Eppendorfor disposable pipettes
7.3 Nalgene bottles, capableof holding 250 mL and 1 L

| 7.4 Volumetric flasks, glass, type A
1 7.5  I-CHEM vials, glass, 40mLglass

7.6 Centrifuge tubes, polypropylene, 15 mL

1 7.7 Labels
. 7.8 Oxford Dispenser ~3.0 to 10.0 mL.
| 7.9 Syringes, capable ofmeasuring 5pLto 50 pL

7.10 Graduated pipettes
| 7.41 Syringes, disposable plastic, 3 cc:

7.12 Syringe filters, nylon, 0.2 pm, 25 mm
| 7.13 Timer

7.14 Crimp cap autovials and caps

| 7.15 Crimpers .
Note: Prior to using glassware and bottles, rinse 3 times with methanol and 3 times with

Milli-Q™water.Rinsesyringes aminimumof9timeswith methanol, 3rinses from 3| me :
8.0 REAGENTS AND STANDARDS

| 8.1 Type reagent grade water, Mill-QP™ or equivalent; all water usedinthis method should
beMilli-Q™ waterandmaybeprovidedby aMilli-Q TOCPlus™system

] 82 Sodium hydroxide (NaOH), J.T Baker or equivalent
83 Tetrabutylammonium hydrogen sulfate(TBA), Kodak or equivalent

| 84 Sodium carbonate (Na;CO3), J.T. Baker or equivalent
85 Sodium bicarbonate (NaHCO), 1 T. Baker or equivalent

| 86  Methyl-T-Butyl Ether, Omnisolv, glass distilled or HPLC grade
87 Methanol, Omnisolv, glass distilled or HPLC grade
88 Serum or blood, frozen from supplier
8.9  Fluorochemical standards

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

8.9.2 PFOSA (3M Specialty Chemical Division), molecular weight = 499 €04349

8.9.3 PFOSAA (3M Specialty Chemical Division), molecular weight = 585
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} 8.9.4 EtFOSE-OH (3M Specialty Chemical Division), molecular weight = 570
8.9.5 PFOSEA (3M Specialty Chemical Division), molecular weight = 527

i 8.9.6 MSS6 (3M Specialty Chemical Division), molecular weight = 557
89.7 Surrogate standard: 4-H, perfluorooctane sulfonic acid (1-H, 1-H, 2-H, 2-H

| C4F13SO;H) molecular weight = 428
8.9.8 Other fluorochemicals, as appropriate

| 8.10 Reagent preparation
NOTE: When preparing larger volumes than listed in reagent, standard, or surrogate

‘preparation, adjust accordingly.
] 8.10.1 10N sodium hydroxide (NaOH): Weigh approximately 200 g NaOH. Pour into a

1000mLbeaker containing 500 mL Mill-Q™ water, mix until all solids are
dissolved. Store ina 1 L Nalgene bottle.

| 8.10.2 1 N sodiumhydroxide(NaOH): Dilute 10 N NaOH 1:10. Measure10mLof10
N NaOH solution into a 100 mL volumetric flak and dilute to volume using Mill

| Q™ water. Store in a 125 mL Nalgene bottle.
| 8.103 0.5 M tetrabutylammonium hydrogen sulfate (TBA): Weigh approximately 169 gyl

of TBA into a 1 Lvolumetric containing 500mLMilli-Q" water. Adjustto pH 10
| using approximately 44 to 54 mLof10NNaOH (While adding the last mL of

NaOH, add slowly because the pH changes abruptly). Dilute to volume with Milli
Q™ water. Storeina 1 L Nalgene bottle. .

1 8.10.3.1 TBA requires a check prior to eachuse to ensure pH = 10. Adjust as
needed using 1 N NaOH solution.

8.10.4 0.25 M sodium carbonate/sodium bicarbonate buffer (Na:COyNaHCO,): Weigh
| ‘approximately 26.5 gofsodium carbonate (Na;COs) and 21.0.gofsodium

bicarbonate (NaHCO) into a 1 L volumetric flaskand bringtovolume with Milli
Q™ water. Storeina 1 L Nalgene bottle.

| 811 Standards preparation . .
8.11.1 Prepare PFOS standards for the standard curve.

| 8.11.2 Prepare other fluorochemical standards, as appropriate. Multicomponent
fluorochemical standards are acceptable (for example, oneworking standard
solution containing 1.00 ppm PFOS, 1.02ppm PFOSA, 0.987 ppm PFOSAA, and

| 1.10 ppm EtFOSE-OH.)
8.11.3 Weigh approximately 100 mgofPFOS into a 100mLvolumetric flask and record

| . the actual weight.

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

] 8.11.5 Dilute the stock solution with methanolfor & working standard 1 solution of
‘approximately 50 ppm.

! 8.11.6 Dilute working standard 1 with methanol for a working standard 2 solution of
approx. 5.0 ppm. 004350

i
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| 8.11.7 Dilute working standard 1 with methanol for a working standard 3 solution of
‘approx. 0.50 ppm.

1 812 Surrogate stock standard preparation
8.12.1 Weigh approximately 50-60 mgofsurrogate standard 1-H,1-H, 2-H, 2-H,

CF13S0;H into a 50 mL volumetric flask and record the actual weight.
8.12.2 Bring to volume with methanol for a surrogate stockof approximately 1000-1200

ppm.
8.12.3 Prepare a surrogate working standard. Transfer approximately 1 mLofsurrogate

stock to a 10 mL volumetric flask and bring to volume with methanol for a
‘working standard of100 ppm. Record the actual volume transferred.

9.0 SAMPLE HANDLING

] 9.1 All samples are received frozen and must bekept frozen untiltheextraction is performed.

92 Allow samples tothaw to room temperature prior to extraction.

| 10.0 QUALITY CONTROL
10.1 Solvent Blanks, Method blanks and matrix blanks

| 10.1.1 An aliquot of 1.0 mL methanol is used as a solvent blank.
10.1.2 Extract two1.0mL aliquotsof Milli-Q™ water following this procedure and use

1 ‘as method blanks.
! 10.1.3 Extract two 1.0 mL aliquotsoftheserum following this procedure and use as

‘matrix blanks. See 11.1.4,

10.2 Matrix spikes -

10.2.1 Prepareandanalyze matrix spike and matrix spike duplicate samples to determine:
; the accuracyofthe extraction.

10.22 Prepare each spike using a sample chosen by the analyst, usually the control matrix
received ith each sample set.

J 10.2.3 Expected concentrations will fallinthe mid-rangeofthe initial calibration curve.
Additional spikesmaybeincluded and may fall in the low-rangeoftheinitial

| calibration curve.
10.2.4 Prepare one matrixspikeand matrix spike duplicate per 40 samples, with a

‘minimumof 2 matrix spikes per batch.
| 103 Continuing calibration checks

10.3.1 Prepare continuing calibration check samples to ensure the accuracyofthe initial
| calibration curve.

10.3.2 Prepare, at a minimum, onecontinuingcheck per groupof 10 samples. For
example, ifa sample set = 34, four checks are prepared and extracted

10.3.3 Prepare each continuing calibration check from the same matrix used to prepareTropets
pital curve. 004351
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10.3.4 The expected concentrations will fall within the mid-rangeofthe initial calibration
curve. Additional spikes may be included that fall in the low-rangeofthe 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
111 Prepare matrix calibration standards

} 11.1.1 Transfer 1mLof serumto a 15mLcentrifuge tube.
11.12 Ifmost sample volumes are less than 1.0 mi, extract standards with matrix

‘volumes equal to the sample volumes. Do not extract less than 0.50 mLofmatrix.
] Record each sample volume on the extraction sheet. .

11.1.3 While prepaging a totaloftwentyaliquotsin 15 mL centrifuge tubes, mix or shake
i ‘between aliquots.

11.1.4 Two 1mLaliquots, or other appropriate volume, serve as matrix blanks. Typically
: use the standard concentrationsand spiking amounts listedin Table 1, at the end of
| this section, to spike,induplicate, twostandardcurves, fora totalof eighteen

standards, two matrix blanks, and two method blanks.
11.15 Refer to validation report ETS-8-4,0 & ETS-8-5.0-V-1, which liststheworking.

| ranges and the Linear Calibration Range (LCR) for calibration curves.
11.16 Use Attachment D as an aid in calculating the concentrationsof theworking.

| standards. See Section 13.0 to calculate actual concentrations of PFOS in
calibration standards.

112 To each standard, blank, or continuing check, add appropriate amountof surrogate
| ‘working standard for the concentration to fall within the calibration curve range 5 ppb -

1000 ppb. :
| 113 Extract spikedmatrix standards following 12.6-12.16ofthis method. Use these standards
i to establish each initial curve on the mass spectrometer.

004352
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Table 1
Approximate spiking amounts for standards and spikes

Using 1.0 mL of matrix

‘Working standard uo "Approx. final conc. of
(approx. conc. analyte inmatrix
TTBak |

[0s00ppm| 20| 0010ppm .

I [s00ppm| 151 0750pm
| [s00ppm | 20| 1.00pm |

2.0 PROCEDURE

| 12.1 Obtain frozen samples and allow to thaw at room temperatureorin a lukewarm
waterbath.

i 12.2 Vortex mix for 15 seconds,then transfer 1.0 mL or other appropriate volume toa 1S mL
polypropylene centrifuge tube.

y 12.3 Retumunused samples to freezer after extraction amounts have been removed.
; 12.4 Record the initial volume on the extraction worksheet. E

12.5 Label the tube with the study number, sample ID, date and analyst initials. See attached
| ‘worksheet for documenting the remaining steps.

12.6 Spike all samples, including blanks and standards, ready for extraction with surrogate
| standard as described in 11.2.

12.7 Spikeeachmatrixwiththe appropriate amountofstandard as described in 11.1, or Table
Lin that section, for the calibration curve standards. Also prepare matrix spikes and

| continuing calibration standards.
12.8 Vortexmixthe standard curve samples, matrix spike samples, and continuing calibration

‘samples for 15 seconds.

| 12.9 Check to ensurethe 0.5 M TBA reagentisatpH 10. Ifnot, adjust accordingly.
12.10 To each sample, add 1 mL 0.5 M TBA and 2 mLof 0.25M sodium carbonate/sodium

} bicarbonate buffer.
12.11 Using an Oxford Dispenser, add 5 mL methyl-fert-butyl ether.

| 12.12 Cap each sample and put on the shaker ata setting of 300 rpm, for 20 minutes.
12.13 Centrifuge for 20 to 25 minutes at a setting of 3500 rpm,oruntil layers are well separated.

i 004353
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i 12.14 Labelafresh 15mLcentrifugetubewith thesame informationasin 12.5
. 12.15 Remove 4.0 mL ofthe organic layer to this clean 15 mL centrifuge tube.
| 12.16 Put each sample on the analytical nitrogen evaporator until dry, approximately 1 to 2

hours.
1 12.17 Add 1.0 mL of methanol to each centrifuge tube using a graduated pipette.

: 12.18 Vortexmixfor 30 seconds.

| 1219 Attach a 0.2 umnylonmeshfiter to a 3ccsyringeandtransfer thesampletothissyringe.
i Filter into a 1.5 mL glass autovial or low-volume autovial when necessary.

12.20 Label the autovial with the study number, animal number and gender, sample timepoint,
] ‘matrix, final solvent, extraction date, and analyst(s) performing the extraction.

1221 Cap and store extracts at room temperature or at approximately4 °C until analysis.
i 12.22 Completethe extrafion worksheet, attached to this document, and tape in the study
i notebook or include in study binder, as appropriate.

13.0 DATA ANALYSIS AND CALCULATIONS

' 13.1 Calculations
| 13.1.1 Calculate actual concentrationsofPFOS, or other applicable fluorochemical, in

calibration standards using the following equation:
mLofstandardxconcentrationofstandard(ug/ml)_____-=

I mLofstandard + mL ofsurrogate standard + initial matrix volume (mL)

| Final Concentration (ug/mL) of PFOS in matrix

14.0 METHOD PERFORMANCE .

| 14.1 The method detection limit (MDL) is analyte and matrix specific. Refer to MDL report C
for specific MDL and limitofquantitation (LOQ) values (see Attachments B and C).

| 142 The following quality control samples are extracted witheachbatchofsamples to evaluste
the qualityofthe extraction and analysis
14.2.1 Method blanks and matrix blanks.

| 14.2.2 Matrix spikeand matrix spike duplicatesamplesto determine accuracy and
precisionofthe extraction.

| + 142.3 Continuing calibration check samples todetermine the continued accuracyofthe
initial calibration curve.

| 143 Refer to section 14ofETS--5.1 for method performance criteria

. 15.0 POLLUTION PREVENTION ANDWASTE MANAGEMENT
i 15.1 Sample waste is disposed in biohazard containers, flammable solvent wastei disposed in

high BTU containers, and used glass pipette waste is disposed in broken glass containers
' located in the laboratory. 004354
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16.0 RECORDS
| 16.1 Complete the extraction worksheet attached to this method, and tape in the study

notebook or includeinthe 3-ring study binder, as appropriate.

| 17.0 ATTACHMENTS
17.1 Attachment A, Extraction worksheet

| 17.2 Attachment B, MDL/LOQ values and summary
17.3 Attachment C, Calibration standard concentration worksheet

| 8.0 REFERENCES

1 18.1 The validation report associated iththis method is ETS-8-4.0 & 5.0-V-1.
| 182 FACT-M-3.1, “AnalysisofSerum or Other Fluid Extracts for Fluorochemicals using

'HPLC-Electrospray Mass Spectrometry”

19.0 AFFECTED DocuMENTs
191 ETS-8-5.1, “Analysis of Serum orOtherFluid Extracts for Fluorochemicals using HPLC

| Electrospray Mass Spectrometry”
20.0 REVISIONS — ——

1 Revision Revision
Number ‘Reason For Revision Date

1 Section 12.21 Changed to include sample storage at room temperature. 04/02/99
| Section 12.13 Addedtheshakerspeed.

Section 12,17 Final volume is 1.0 mL; not adjusted for initial volumes less
| than 1.0 mL.

|

004355
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3M ENVIRONMENTAL LABORATORY

METHOD

ANALYSIS OF POTASSIUM PERFLUOROOCTANESULFONATE OR OTHER

FLUOROCHEMICALS IN SERUM EXTRACTS USING

i HPLC-ELECTROSPRAY/MASS SPECTROMETRY

1 Method Number: ETS-8-5.1 Adoption Date: 03/01/99

! Revision Date:

Author: Lisa Clemen, Robert Wynne

| Approved By:

| Laboratory Manager Date

) Group Leader Date

1 CE———————————_
Technical Reviewer Date

1 10 SCOPE AND APPLICATION
i 1.1 Scope:Thismethod describesthe analysisofserumextractsfor fluorochemical surfactants
, using HPLC-electrospray/mass spectrometry.
i 1.2 Applicable Compounds: Fluorochemical surfactants or other fluorinated compounds, or

other ionizable compounds.

1.3 Matrices: Rabbit, rat, bovine, monkey, and human serum, orotherfluids as designatedin the
validation report. 004356
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2.0 SUMMARY OF METHOD
2.1 This method describes the analysisoffluorochemical surfactants extracted from serum orother fiids, using 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 atandem mass spectrometer to further verify
the identity ofa compound by detecting daughter ions ofthe parent ion.

| 3.0 DEFINITIONS
3.1 Atmospheric Pressure Ionization (APT): The Micromass Quattro II triple quadrupole] systems allow for various methodsofionization by utilizing various sources, probes, andinterfaces. These include but are not limited to: Electrospray Ionization (EST), Atmospheric

Pressure chemical Ionization (APG), Thermospray, etc. The ionization processinthese.1 techniques occurs at atmospheric pressure (i.e. not under a vacuum).
32 Electrospray Ionization (ES, ESI): amethodofionization performed at atmospheric

pressure, whereby ions in solution are transferred to the gas phase vi tiny charged droplets.| These charged droplets are produced by the application ofa strong electrical field
33 Mass Spectrometry, Mass Spectrometer (MS), Tandem Mass Spectrometer

1 (MS/MS): ‘The API Quattro II triple quadrupole systems are equipped with quadrupole massselective detectors. Ions are selectively discriminated by mass to charge ratio (m/z) andsubsequently detected. A single MS may be employed for ion detection or a series (MS/MS)1 for more specific fragmentation information .
: 3.4 Conventional vs. Z-spray probe interface: The latest modelsofMicromass Quattro ITtriple quadrupole systems (post 1998) utilize a “Z-spray” conformation. The spray emitted

from a probe is orthogonal tothecone aperture. In the conventional conformation it is aimed
directlyat the cone aperture, after passing throughatortuous pathway in the counter
electrode. Though the configuration is different, the methodsofoperation, cleaning, and

i ‘maintenance are the same. However, Z-spray components and conventional components arenot compatible with one another, but only with similar systems (i.¢., Z-spray components arecompatible with some other Z-spray systems, etc.)
] 35 Mass Lynx Software: System software designed for the specific operationofthese.QuattroI triple quadrupole systems. Currently MassLynx has Windows 95 and WindowsNT

4.0 versions. All versions are similar. For more details see the manual specific to the| instrument (Micromass Quattro IT triple quadrupole MassLynx or MassLynx NT User's
Guide).

4.0 WARNINGS AND CAUTIONS —
| 4.1 Health and Safety Warnings:
’ 4.1.1 Use caution with the voltage cables for the probe. When engaged, the probe
1 employs a voltageof approximately 5000 Volts.|

004357
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4.1.2 When handling samples orsolventswear appropriate protective gloves, eyewear,
and clothing

4.2 Cautions:

4.2.1 Do not operate solvent pumps above capacity of400 bar (5800 psi) backpressure.Ifthe back pressure exceeds 400 bar, the P1100 wil initiate automatic shutdown.
42.2 Do not run solvent pumps to dryness.

i 5.0 INTERFERENCES

5.1 To minimize interferences when analyzing samples, teflon should not be used for sample1 storage or any partofinstrumentationthat comes in contact with thesampleor extract.

6.0 EQUIPMENT ~

] 6.1 Equipment listed belowmaybemodified in order to optimize the system. Document any‘modifications in the raw ata as method deviations.
| 6.1.1 Micromass QuattroIltriple quadrupole Mass Spectrometer equippedwithan

electrospray ionization source
6.1.2 HP1100 low pulse solvent pumping system, solvent degasser, column compartment,| and autosampler

, 7.0 SUPPLIES ANDMATERIALS .
| 7.1 Supplies

7.1.1 High purity grade nitrogengasregulated to approximately 100 psi (House air
system) a.

7.12 HPLC analytical column, specifics to be determined bytheanalyst and documented
inthe raw data.

| 7.1.3 Capped autovials or capped 15 mL centrifuge tubes

8.0 REAGENTS AND STANDARDS
] 81 Reagents

8.1.1 Methanol, HPLC grade or equivalent
I 8.1.2 Milli-Q™ water, allwaterusedinthis method should be Milli-Q™ water orequivalent, and may be provided by a Mill-Q TOC Plus system or other veador
| 8.1.3 Ammonium acetate, reagent grade or equivalent

82 Standards

8.2.1 Typically two method blanks, twomatrix blanks, and eighteen matrix standards are
prepared during the extraction procedure. SeeETS-8-4.1.

! 9.0 SAMPLE HANDLING
358

|
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9.1 Fresh matrix standards are prepared with each 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 can be 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 blanks and matrix blanks are prepared and analyzed with
ach batch to determine contamination or carryover.

10.1.2 Analyze a method blank and a matrix blank prior to each calibration curve.
] 10.2 Matrix Spikes .

10.2.1 Matrixspikesare prepared and analyzed to determine the matrix effect on the
1 recovery efficiency.

10.2.2 Matrix spike duplicates are prepared and analyzed to measure the precision and the
| recovery for each analyte.

102.3 Analyzea matrix spike and matrix spike duplicate per forty samples, with a
‘minimum of2 spikes per batch.

10.2.4 Matrix spike and matrix spike duplicate concentrations will fall in the mid-range of
the initial calibration curve. Additional spike concentrations may fall in the low-

| rangeofthe initial calibration curve. .
10.3 Continuing Calibration Verifications

10.3.1 Continuing calibration verifications are analyzed toverifythe continued accuracy of
the calibration curve. ”

103.2 Analyze a mid-range calibration standard aftreverytenth sample,with a minimum| Speeaia ;
] 11.0 CALIBRATION AND STANDARDIZATION

11.1 Analyzetheextractedmatrixstandardspriortoandfollowingeachsetofextracts. The
average oftwo standardcurves will be plotted bylinearregression (y = my+ b), weighted

| 1x, not forced through zero, using MassLynx orothersuitable software.
11:2 Ifthe curve does not meet requirements, perform routine maintenanceorreextract the

| “standard curve(ifnecessary) and reanalyze.
11.3 For purposesofaccuracy when quantitating low levelsofanalyte, it may be necessary to

I usethe lowendofthe calibrationcurve rather than thefull range of the standardcurve.
1 Example: when attempting to quantitate approximately 10 ppb ofanalyte, generate ai calibration curve consistingofthe standards from 5 ppb to 100 ppb rather than the full

rangeof the curve (5 ppb to 1000 ppb). This will reduce inaccuracy attributed to linear
f regression weighting ofhigh concentration standards.

004359

ETS851 Page dors
AnalysisofSerum Extract Using ESAS



12.0 PROCEDURES

12.1 Acquisition Set up

12.1.1 Click on start button in the Acquisition Control Panel. Set up a sample list, Assign a
flename using MO-DAY-last digitofyear-sample number, assign a method (MS)
for acquiring, and type in sample descriptions.

12.1.2 To create a method click on scan buttoninthe Acquisition control panel and select
| SIR (Single Ion Recording) or MRM. Set Ionization Mode as appropriate and mass.

10 499 or other appropriate masses. A full scan is usually collected along with the
SIRs. Save acquisition method. IfMS/MS instruments are employed, additional

1 ‘product ion fragmentation information may be collected. See Micromass MassLynx
‘GUIDE TO DATA ACQUISITION for additional information and MRM (Multiple
Reaction Motoring).

] 12.1.3 Typically the analytical batch run sequence begins witha setofextracted matrix
standards andendswith a setofextracted matrix standards.

| 12.1.4 Samples are analyzed with a continuing calibration check injectedaftereverytenth
I sample. Solvent blanks should be analyzed periodically to monitor possible analyte

carryoverandarenot considered samples butmaybe included as such.

| 12.2 Using the Autosampler

12.2.1 Set up sample tray according to the sample list prepared in Section 12.1.1.

1 1222 Set-up the HP1100/autosampler at the following conditions or at conditions the
analyst considers appropriate for optimal response. Record actual conditionsinthe

| instrument logbook: .
12.2.2.1 Sample size = 10pL injection -

| 122.22 Inject/sample = 1
12.223 Cycle time = 13.5 minutes

] 12.2.2.4 Solventramp =
Time 20mM

Ammonium acetate

| [00min| "a0%| 60% |
[Bs0min [00%[10%|

| | [Lomin[00%[10% |
020min| a0%[60%|

| 12.225 Press the “Start” button.
i 123 Instrument Set-up

i 12.3.1 Refer to ETS-9-24.0 for more details.

! 123.2 Check the solvent level in reservoirs and refill if necessary. 004360
|
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! 12.3.3 Check the stainless steel capillary at the end ofthe probe. Use an eyepiece to checkthe tip. The tip should be flat with no jagged edges. Ifthe tip is found to be.
unsatisfactory, disassemble the probe and replace the stainless steel capillary.

12.3.4 Set HPLC pump to “Or”. Set the flow to 10 - S00 uL/minoras appropriate.
Observe droplets coming outofthe ip ofthe probe. Allow to equilibrate for
approximately 10 minutes.

12.3.5 Turnonthe nitrogen. A fine mist should be expelled with no nitrogenleaking
around the tipofthe probe. Readjustthetip ofthe probeifno mist is observed.|| 12.3.6 The instrument uses these parametersatthe following settings. These settings may
change in orderto optimize the response:

] 12.3.6.1 Drying gas 250-400liters/hour
12.3.6.2 ESInebulizing gas 10-15 liters/hour
12.3.6.3 HPLC constant flow mode, flow rate 10 — 500 uL/min

1 12.3.6.4 Pressure <400 bar (This parameteris not set, it is a guide to ensure the
HPLC is operating correctly.)

| 12.3.7 Carefullyguidethe probe into the opening. Insert probe until it will not go any
further. Connect the voltage cables to the probe.

1 12.3.8 Print thetune page, with ts parameters, and storit in the study binder with acopy
taped into the instrument log.

12.3.9 Using the cross-flow counter electrode in the ES/MS source is recommendedforthe.| analysisofbiological matrices
12.3.10Click on star button in the Acquisition Control Panel (this may vary among1 MassLyn versions, see appropriate MassLynx USERS GUIDE). Press the starti button. Ensure start and end sample number includes all samples to be analyzed.

| 13.0 DATA ANALYSIS AND CALCULATIONS
13.1 Calculations:

1 13.1.4 Calculate matrix spike percent recoveries using the following equation:
% Recovery = ObservedResult-BackgroundResult x 100| Expected Result

13.15 Calculate percent difference using the following equation:
| % Difference = ExpectedConc.-CalculatedConc, x 100Expected Conc,
' 13.1.6 Calculate actual concentrationofPFOS, or other fluorochemical, in matrix (ug/mL):
i foros _—— .

(itilVolumeof mattix (mL)+mLofSumrogateStandard) 1000 ng
Final Volume (mL)ha 004361
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|

| 14.0 METHOD PERFORMANCE.
14.1 Method Detection Limit (MDL) and Limit of Quantitation (LOQ) are method, analyte, and. ‘matrix specific. Please see ETS-8-4.1, Attachment B, for listing ofcurrent validated] MDL and LOQ values.
142 Solvent Blanks, Method Blanks, and Matrix Blanks

| 14.2.1 Solvent blanks, method blanks, and matrix blanks values aremustbe below thelowest standard in the calibration curve
| 143 Calibration Curves

14.3.1 The r* value for the calibration curve must be 0.980 or better.
1 14.4 Matrix Spikes

14.4.1 Matrix spike percent recoveries are must be within + 30%ofthe spiked| concentration.
! 145 Continuing Calibration Verifications

14.5.1 Continuing calibration verification percent recoveries must be 30%ofthe spiked| Somtoing
14.6 Ifcriteria listedinthis method performance section isn’t met, maintenance may be] performed on the system and samples reanalyzed or other actions as determined by theanalyst. Document al actions in the appropriate logbook.
14.7 Ifdata are to be reported when performance criteria have not been met, the data must be1 footnoted on tables and discussed in the text ofthe report :

| 15.0 POLLUTION PREVENTION AND WASTE MANAGEMENT -
15.1 Sample extract waste and flammable solvent is disposedinhigh BTU containers, and glass| pipette waste s disposed in broken glass containers locatedi the laboratory.

16.0 Recorps
| 16.1 Each page generated for a study must have the following information included eithern theheader or hand writen on the page: study or project number, acquisition method,integration method, sample name, extraction date, dilution factor(iapplicable), and| analyst.

16.2 Print the tune page, sample lst, and acquisition method from MassLyn to includeintheappropriate study folder. Copy these pages and tape into the instrument runlog,
16:3 Plot the calibration curve by linear regression, weighted 1/x, then print these graphs andstore in the study folder.
164 Print data integration summary, integration method, and chromatograms, from MassLyn,and store in the study folder.
16.5 Summarize data using suitable software (Excel 5.0) and store in the study folder, seeAttachmentAforan example ofa summary spreadsheet. 004362
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| 16.6 Back up electronic data to appropriate medium. Record in study notebook thefilenameand locationofbackup electronic data

1 17.0 TABLES, DIAGRAMS, FLOWCHARTS, AND VALIDATION DATA.

I 17.1 Attachment A: ETS-8-5.1 Data summary spreadsheet

18.0 REFERENCES
| 18.1 FACT-M-4.1, “ExtractionofPotassium Perfluorooctanesulfonate or Other Fluorochemical‘compounds ffom 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.

19.0 AFFECTED DOCUMENTS

| 19.1 ETS-8-4.1, “Extraction ofPotassium Perfluorooctanesulfonate orOtherFluorochemical
Compounds from Serum for Analysis Using HPLC-Electrospray/Mass Spectrometry”

| 20.0 REVISIONS

Revision Revision

| ¥ Section 6.1.2 Clarification ofHP1100 system components. 04/02/99
Section 11.1 Averageof twocurves,not standardvalues,areusedfor
plotting linear regression and added the 1/x weighting ofthe curve.

| Section 12.2.2.4 Clarification ofsolvent ramp. .
Section 17.1 Changed from attachmentB to A.

1

, .

004363
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Laboratory Study#

lw
Tes Mater .| MatsxFinl Slvat:
MetbodRevision:
Analytical Equipment System Number:

| Instrument Software/Version:
Filename:
ReSquied Value:

1 Slope:
Yintesep:
DueofExvacton/Aadlyst:

1 Date of Analysis/Analyst:

EE ra aEl a

Sipe: Taken from ines repesion enti
| Graup/Dte:Taken from hesu folder.

Sample: Taken fom th study folder
Concentration (g/mL): Taken rom heMas yx gration summary.

| Intal Volume(mL: Taken fromth study folder
i Dilution Factor: Taken from the study folder.

Final Cone. (ug/ml): Calculated by dividing the initial volume from the concentration
: 004364
I

|

! AttachmentA:SummarySpreadsheet ETS-8-5.1 Page 9of 9
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BEST COPYAVAILABLE|... i i Coe
| Fluorine Analytical Chemistry Team 0

\ [rm

. DeterBrution ofPFOS in sera by Electrospray Mass Spectrometry (ESMS)
Quantitation: Specificity:

| LmterDemimaon Lope RettonTime: 73min. .
LimitofQuantitation(L0Q): Lope Moleolarloe: 459emu
Rangeof Calibration Curve: L0ppb- 100pp

| Commision Contin@ 09
PHASEII:Analysisofpooledsers,US 1998

Aversgecone. Sid % Recovery Tvnpone Sd Rewer
| Let PEOSGoW De MS MSD Le EEOSGob' Dex MS MSD

os 44 2 arm wus oa 3 wm
T007 “ 6 Je ae woe 4 8 se @

| ns 43 2 ewe wre 3 as ose
S09 26 8 un 2
si 7 ve me

] soit 4s 2 100 108
woiz se 13 EE)
wo 50 5 0 10

| wou a 6 05 92
[RangeofAverags ConcentrationofPFOS1LotSera: __from6ppb1:54ppb

| Resultsof QuantitationofMethodBlanks
Concentration

Blank REOS(ooh) [ros] [FOS %
| {MethodBleak, F20-1 <LoD Sample’ recovered expected recovery

ethod Blank, H20-2 <LoD Qc 49 49 100

[MethodBlank, sera-1 (1) 7 Qe 49 49 100

| MethodBlank, sera-1 (2) <op Qs 49 49 100
MetiodBlank,sera-1 G3) <p © st 4

| [MethodBlank, sera-2 (1) <LoD Qs 53 49 108

System Reproducibility and Precision Checks
Reproducly’s =

] Sample EEOS@pb RSD Sample RES(ob)
io0s:3 2) 4s om 1007-1 (1) “7

| 5009-3 (2) 11 04% 1007-1 2) 55
woz-3 2) 54 ous 07-1 3) ©
wors:s 2) 3 18% T0071 (6) o
woir3 Gy 3 os 1007-1 5) ©

| Te
: Std.Dev. 1

| RSD 2%

"Reported values are the averages concentrationPFOSofsamples extractedin triplicate.
| 0C samples ae extracts of bankser spiked with PROS dard

Reproducibility samples are repeat injectionsof lot sera extracts, performedafterevery 15 samples.
“Precision samples are 5 consecutive injectionsof the same lotseraextract. 004365

1 *QuestionsbleData. Source oferrorcurrently undetermined.
3M Environmental Lab
Eo PHASED

|



BESTUUPY AVAILABLE : ; Conse:] «rruorine Analytical Chemistry Team Ri

86018]
.Je.cemid® _onK in sera by Electrospray Mass Spectrometry (ESMS)
Quantita®fh. ‘Specificity:

| LimitarDetton omy: 105 RecoionTime: 60min,
Limitof Quantitation (LOQ) : 1.0ppb Molecular fon: 413 amu’
‘RangeofCalibration Curve: 10ppb - 100ppb 369 amu?

1 CurveCorrelationCoefficient(©): 0991

PhaseII: An is ofpooledsera (POAA)
| Averapeconc SIL % Recovery Kversgroone Sid % Recovery

Lot POAAGoDY Dev. MS MSD Let POAAGON' Dev Ms Msp106 <op 0 s*  %  WoIs  <LoD o 00 101
| 07 <op 1 se 79 wols  <oD 0 Bo

108 <Lop ° % Wor <p o 5 9
soo <op 1 e+ + BOI <LOD ° 8 8

| S010 <LoD 0 4s 570 Boz OD 0 100 100
so <wop ° 7 er Bs aD 0 08 10
wor <op 1% mW BOA COD 0 oro

1 wol3 <LoD 0 00 100 BOOS <OD 0 9% 2
woe <wop ° ER

[Range of Average ConcentrationofPOA IaLotSera:_ allvaueswerebelowthe LOD/LOQ (10950
[—‘Quantitation ofMethod Blanks

‘Concentration
1 Blask BOAA ooh) , [FOAM POAAl  %Method Blank,F20-1 <op Sumole’  reopvercd  exmected resoven

[Method Blank, H20-2 <LoD cL 94 9% 98
| pts emir <op a2 9 os os

[Method Blank,sera-1 @) <wop oc 01 os os
[MethodBlank sera-1 3) <op BA 2 %. 9%

| [eotBank may <LoD Qcs 9 97 97

SystemReproducibility andPrecisionChecks
| [eric recon”

Sample POAAGrea ESD Sample PeakArea006.3 2) To om 1007-10) 3800
| fsa 300 70% 1007-12) 3600

W012-3 (2) 6500 0.0% 1007-13) 6300
[Wo1s-3 (2) 4700 0.0% 1007-1 (4) 6300
worr-3 @) a0 sen T0071 5) 6300| poison wo ao Tél

Swope. 300
| RSD %

"lon m/s=413used forpurposesof quantitation.
“on m/s=369usedforpurposesofverfication.ofcompound identity.

| Reporte vues re theceragesconcentrationPOAAofsamples exactedin pice
“QCsamplesareextractsof blankseraspikedwithPOAAstandards.

| Reproduciblesamples are reptinjectionsof botseraestrcts, performedferevery 15 samples. 66
Precision samples are 5 consecutive injectionsofthe samelotsera extract. - 0043!

| *Questonable Data. Sourceoferror currcatly undetermined.
! sMEovironmentat Lab

sn PHASE 11 POAA)
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KJ. Hansen Phase INT 3m
SMEavirnneaallsd Ouanitative Analysis of PFOS in Individual's Sera
DeterminationofPFOS in sera by Electrospray Mass Spectrometry (ESMS)

‘Quantitation: ‘Specificity:| Lotoression go): L0ph  ReminTme 73minLinitofQuantitation (LOG): 10m Moloolrlow  439amsRangeofCalibration Curve: Lop oop
| Curve Correlation Coefficient (7): ~~ 1

Results of Quantitation of Individual Sera Samples
‘Average conc. verage conc. A -| Lot PROS@mob %RSD Let PEOS@ub %RSDBs “a ms 46 15ma “ ms 101 m4 2 m8 mw 3os 2 Na ws w 2

598 67 0 2198 48 9| os 7 ra Bma NA nsw 1m4 350 use 3s 2| so 3 n 28 a meos s ws 1ume n ne 5 15
| 1298 37 1 2898 3 NALs 4s Na 8 es 7uma 2 Wg se] m8 % 2 Fr 18 1
| NANoaclintas ews -onlyenoughsamplefor 1analysis .
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Quantitative Analysis of PFOS and POAA in Individual's Sera 411195

Determination ofPFOS/POAAin serabyElectrosprayMass Spectrometry(ESMS)

Quantitation: ‘Specticty:
! ‘LimitofDetection (LOD) 1.0 ppb/10 ppb ‘Retention Time: 7.35 min/6.9 min.

! LimitofQuantitationLOQ) : 1.0ppb/10ppb. ‘Molecularloa: 499emw/413emu,369 mm

| RamgeofCalbrnCurve: L0ppb-100ppb/10ppb-100ppb o
| ComolionCodie: 0559/0999 Preliminary

ResultsofQuantitation of Individual Sera Samp

| Tp SL Apes Si Tropes Bi Avene SE
Df PEOSGubY Dev 'POAAGEY Dev) If PROSGobY Den POAA(MmM De
198 4% od <40Q nd| 1798 41 nd <€0Q ad

i 2% 35 ad 40 ods sad <0Q md
i 398 45 ad 18 3 1998 mn ad <Q nd’

498 32 ad 10 ad| 2098 4 1 <0Q ad

S87 md <0Q nda 45 pe <0Q nd
| 698 53 4 <0Q nd| 2298 54 ad <0Q ad

798 42 ad .. 4oQ nd| 2398 n ad 12 nd

898 49 17 © a0Q nd| 2498 28 ad <0Q nd

| 998 37 ad <0Q ad| 2598 30 ad <0Q ad

ws sm ad d0Q adem 41 40Q nd
1198 39 ad <0Q ad| 2798 51 nd <0Q ad

| ns | 3 ad <€0Q nd zee 0 nd <Q nd
1398 45 ad <0Q ad| 2998 41 nd <Q ad

1498 28 ad <0Q nd| 3098 41 ad <Q ad

] 1598 %6 3 10 1| 3 b] ad <Q nd
1698 kl ad <Q nd

| ResultsofQuantitationofMethod Blanks

| Blak [REOSI ook) [FOS] _ POAA}
[Method Black 120-1 LOD Samp rseovared - resovered
[MethodBlank, sera-1 (1) 4 Ql 99% 93%

| [Method Blank,sera-1 (2)  <LOD Qc 9% 7%

[ROAAL(ooh) Qs 0% 2%
bod Bunk120-1 0D

[Method Blank, sers-1 (1) <LOD

] [Method Blank sers-1 (2) _<LOD

tem Reproducibility Checks

| Ewa:
Sample PROS RSD roAAGra) RSD

| 0198-2 (2) 3 43% 2800 0.0%

| i058:2.G) FY 36 150 00%
09.1 2) © 18% Wo 00%
698-1 (2) a 3.0% 200 61%

"Reportedvaluesarefrom asingleanalysiswnless astd. dev.isindicated;

inhav avs3alrof sampleware ondand verge \
QC samples are extracts ofblank sera spiked with PFOS/POAAstandards. :

Reproducibility samplesarerepeatinjectionsoflotseraextracts,performed every15samples.
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| Xi Bama dl Phase II mrss
MEmvirouneaal 45 (Quantitative Analysis of PFOSinIndividual's Sera

| DeterminationofPFOSinserabyElectrosprayMass Spectrometry(ESMS)
‘Quantitation: Specificity:

| LimitofDefection(LOD) : Lop Retention Time:~~7.35min.
LimitofQuantitation (LOQ) : 1.0ppb Molecularlon: 499amu

‘RangeofCalibrationCurve: 1.0ppb - 100ppb
| CurveCorrelationCoefficient (7): 1

ResultsofQuantitationofIndividualSera Samples
Averageconc. ro

| Le PROSGoM %ESD Le PROSGon %3ESD :
om a To 46 15

ma u um 56 10
| m4 2 ro 3

om» NA, nw 2
sm 6 o um. 5

| om 7 om @ 5
798 “2 NA 2398 7 1 .
m4 a um 3s »

| 98 39 n 298 41 2
00s 5 ws 5 1
us 6 u Er 15

1 nw 3 1 8% 3 NA
nm 4s NA 298 6s 7
1498 31 12 3098 67 0%

| 1858 9% 2 a 3 1
on 1

NA. =No RSD calculated as therewas .
| only caough samplefor 1 analysis.

| .
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| FluorineAnalytical Chemistry Team o
| 6018

Determinationof PFOS in seraby Electrospray Mass Spectrometry (ESMS)
Quantitation: Specificity:

|  LimitarDescion con): 10ppb  RetestionTime:  7.3Smin
LimitofQuantitation (LOQ) : 10p Molecularlon: 499 amu
RangeofCalibration Curve: 1.0ppb - 100pp

| Curve Correlation Coefficient (7): ~~ 1
PHASEIII: Analysis ofindividualsera samples, 1998 US

“Average conc. “Average conc. .
| Let PEOS(ob) %RSD Let EFOS(ob) % RSD138s ae ms 46 15

a 1 18% 36 101 | mos 52
ow on NA, 008 40 2
ss 6 [I 2m 4 9|| & 5 3 moe»
"a NA 28 72 1

} 88. 49 35 8 38 2
| 98 39 1 298 a1 330

1098 54 5 8 5 1
ns 6 n 298 57 15 .

] ns 3 1 28 3 NA
BB 4s NA 2998 6s 7 .uss 31 n 3098 67 so

] 15% 9% 2 3 3 1
68 7 1

| NA =o ASD culated as there was -
‘only enoughsamplefor 1 analysis.

|

|
004370
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| 3M Environmental Laboratory- Fluorine Analytical Chemistry Team
KrisHansen -Sr.AnalyticalChemist
FluorineAnalytical Chemistry Team B

] Building 23E09
127786018

| PhaseIV:
'PFOS analysis of US human sera samples collected in the 1970s

i — .
‘TwelvefrozenserasamplesofvariousvolumesweresuppliedtotheEnvironmentalLabbyJeff

‘Mandel(3MMedical). OnemLornomorethan one halfofthe volumeofeachsamplewasextracted
| usinganion-pairingreagent. Theextracts wereanalyzed quantitativelyforPFOSbyHPLC-ESMS.

Analyteidentificationwasverifiedbycomparisonofmolecularion-HPLCretentiontimeofthe extracted
‘analyteandstandardmaterial.Sampleswerequantitativelyevaluatedagainst a specially prepared

| ‘extractedcurve.

“Thetwelvesamplescontainedanaverageconcentration of 27ppb PFOS rangingfrom2-48ppb.
‘ThePFOSlevelsweresignificantly lowesthaninthe 31samples collectedfrom individualsin02/98 and

‘sbusdanceofthe branchedchainisomerwas37.3+/- 4.8% compared t 3.7+.-7% inthe 1998samples.
InstandardsolutionsofPFOS, thebranchedchainaccounts for 217+/-3.1%ofthe totalconcentration. A

| detailedsummaryofthereuls is included

‘TheidentityofPFOSinseveralrandomlyselectedsamplesinthis phasewasconfirmedusing
'HPLC-ESMSMS.Inallcases,theanalyteexhibited acharacteristicretentiontime, acharacteristic

] primaryion,andfivecharacteristicsecondaryions.

| Experimental summary: 5

Samplepreparation: lon-pairingextraction -
In a pH controlledenvironment, an jon-pairingreagent,tetrabutylammonium(TBA),is usedto

| ‘extractthe analytefromthematrix.Thecationicreagentselectivelytargetsanioniccompounds,likePFOS
andPOAA.SubsequenttotheformationoftheTBA-anionpair,theanalyteistransferredto anon-polar
‘organicsolvent (ethylacetate),dried,andreconstitutedinmethanolforMSanalysis.

] HPLC:CharacteristicretentiontimesforPFOS
In HPLC,analiquotoftheextract sinjectedandpassedthrough achromatographiccolumn.

‘Basedontheaffinity oftheanalyteforthestationary-phaseinthecolumnrelativetotheliquidmobile-
] phasepassingthrough the column, theanalyte sretained fo acharacteristicamountof time. For

ampl,in astandardsolution,PFOSmay clueat 9.1minutes.Relationtimesbetween a standard
[PFOSsolutionandtheanalyteextracted fromserainthisanalysiswerematchedtowithin1%onthe

| + HPLC system.

ESAS: Detectionand monitoringofthe molecular lon
| Analysis ofPFOSstandardsindicatesthattheprimaryion characteristicofPFOSism/z =499
1 ‘amu, correspondingtothemassoftheanionicsurfactant(CyF;SOy-). ‘Thisionwasmonitoredselectively

tomaximizesensitivity. Ascanofm/z=100to 1210 (negativeonly)wasalso collected.

HPLCES-MS/MS: Detectionand monitoring of characteristicsecondary ions
ES-MSMS is verysimilartoESMS,exeptthat it ddsanadditionaldimension ofcertainty to

‘compoundidentification. AsinESMS, a characteristicion is selected. Afer section,theES-MSMS

004371



| characterizestheion furtherby smashingitapartwithhighenergygas.As result ofthesmashing,i ‘secondaryionicfragments (daughterions),characteristicofthemolecule, arecreatedand detected.
Forexample,for PFOSanalysis,ion 499isselectedasthecharacteristicprimaryion.Thisionis1 ‘smashedinto otherions suchas 80amu (correspondingto SO),99amu (correspondingtoFSOy),130

i amu(correspondingtoCF3S0y), 180amu (CFS05),and230amu (CsFeSOy). EachofthesesecondaryEragrmeatsi detectedat th detector.
1 Qualitycontrol summary:| Duetosamplelimitations,ser sampleswerenotextracted induplicate.Fortissame reson,‘matrixspikescould po beevaiuatd orthe samples.Instead,twosamples of pooledsera purchasedfrom' Sigmawereusedforduplicatematrixspikeanalysis.Methanolblankswereanalyzed beforeand after.| cachsample to cnurs compe ation of the sample. Amidevlquality some pl wassma

afterthesixthserasample.‘Thefour pointextracted curvewas analyzedbefore and after the samples.‘Quantitationofthesamples i basedon th linea reessionequationderivedfom theaverageofthetwo] bracketingcurves. SpecificQCparametersaeavilableon theappendedresults table,

1 Tastrumental specifics: -HPLCsystem
HemetPackardSeries 1100LiquidChromatograph

1 Column:KeystoneBetasil Cys
2x100mm
ym particlesize

Flowrate: 300 L/min.| SoiventA: 2.0mMAmmonium AcetateSolvent: Methanal RSalven Gradient:1 451090%Bin9.50mins.
Foldat 90 %8for 3.50mins.
Returnto 4558in1.50mins.
Holdat 45%Bfor 3. mins. .| poten :Injoctions/sample:1

Electrospraymassspectrometer .
| MicromassPlatformIIAPIMassSpectrometer

“© MassLynx2.1 Software
] Conevoltages: -20v, 60v

Mode: lectrospraynegative
Sourcetemperate: 115°C. .Analyzervacuumpressures:0.000043mB,0.000079mBar| fren
Electrode: croés low
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i Fluorine Analytical id
Chemistry Team 778-6018

Samples Received: 3/6/98 Analysis by: ESMS (-)
Samples Extracted: 3198 Calibration Curve Rasge: ~~1ppb-43ppb
SamplesAnalyzed: 3/11-3/12/98 ofCalibrationCurve: 0.998

LoQiLoD': Im

PHASEIV: Analysisofhistoric samples, 1970-805

CallSamp ppY+B4 s
| PG7-SE13] 13 ‘GRAH0003]
! rossen| 3% 20.01.0089.01

ser 30 30.01.0040]
] Et Wil 000

asl % Demm 0001
pos] 2 30-52.051401 .

| Average (ppb)
Std. Dev.
%RSD

| cress

| [catbeation Croc cacy 100% EBs 105%
| 5D 105%

] BranchedIsomer Abundance Percentages
] Abundanceof|| Abundanceof

‘Branched Isomers|BranchedImes
ampere| Avene 4. Dev) [5@eampiedapo)_]

| [ms % %
isividuas Sampled in 1998 3% %
3MCotageGrovePlant Workers a ”
individuals Sampled in 1970's 3% 5%

Pooled Sera Samples 1% ”

| 1-LOD/LOQ =LimitofDetection/LimitofQuantitation
004373
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/
Environmental Laboratory- Fluoris if emis TeamKrisHansen-Sr.AnalyticalChemist

FluorineAnalyticalChemistry Team
Building 23E09

t 612-778-6018

i PhaseVandVI:
| Quantitative analysisof PFOS in istoric human sera samples

and in human sera samples from rural Northern China

Summary:
Twosetsofsamples,the first with12samplesinplasticvials(Z-r) ndthesecondwith §1 samples inglassvials (M-ect), weresupplied tothe Eavironmental Lab byJefMandel(3M Medical) on.March20,1998.Forbothsts, samplevolumevaried from0.201.0mLofhumansera. Avolumebetween0.4 -1.0mL. ofeach samplewasextractedusingan ion-pairingreagent.SixsamplesintheZ-cti didnotcontainenoughvolumeforextraction;nthesecases, two samples (e.g ZAGandZZAS)were| ‘combinedandextractedasonesample. Theextractswereanalyzedquantitativelyforperfiuorooctanesulfonate(PROS)by high-pressure liquidchromatography-lectrospraymassspectrometry (HPLC-ESMS).| Analyt identificationwasverified bycomparisonofmolecularionHPLCreteationte of the extracted‘analyteandstandardmaterial. Samples were quantitativelyevaluated agains a specially prepared,five:point extractedcurve(+2=0.999). Eachsample extractwasanalyzed twice. Calibrationchecks, »analyzedevery $samples,were within 6%ofexpectedvalues.| ‘Theidentityof PFOSinseveralrandoalyselectedsamples inthi phase(M-set only)was‘confirmedusing HPLC-ESMSMS.Inalcases, theanalyteexhibited acharacteristicreteation time, acharacteristicprimaryion, and fivecharacteristicsecondary ons.

| a
‘Theserasamples intheMest, collectedfrom donorsintheUSinthe19605,hadan average| PFOSconcentrationof 3.4 ppb;thesamplesrangedinPFOS concentration from 11.810 59.4,

Foreignsamples
‘The 9samplesinth Zset (including 3compositesamples)werecollectedfrom donorsinruralChinaandweredeterminedto have amuchlower concentrationof PFOSthananyhumanseadataset .i ‘analyzedpreviously.Six samples didnotcontainPFOSabovethedetection limitofthisanalytical‘method(1 ppb). Theremaining 3samplesevidenced PFOS concentrationsles than ppb,the mitof| ‘quantitation. Withthe cxocption ofonehuman serasazaplecollected inthe1980s(Will0002),thesea7e| theoalyhumansamples determinedtocontainlessthan 10ppbPROS.

| Experimentalsummary:
Samplepreparation: Ion-pairing extraction

. In apHcontrolledeavironment,an ion-paiiagreagea,terabutylammoniumsulfate(TBA),is:| usedto extracttheanalytefromthematrix.Anioniccompounds,likethecationicreagent, selectively,i targets PFOSandperfluorooctancate(POA).Subsequenttotheformation of the TBA-anionpai,theaaalyte is transferred 0 anon-polarorganicsolvent ethyl acetate) dried,and reconstitutedinmethanalforMS analysis
HPL: Characteristic retention timesforPFOS

InHPLC,analiquotoftheextrac sinjectedandpassedthrough achromatographiccolumn.Based ontheafniy of the analytefor thestationary-phasein th column relative totheliquidmobilehasepassingthroughthecolumn,theanalyte sretained or acharacteristicamountoftime. For 004375example,in astandardsolution,PFOSmayeluteat 10.5minutes.Retention timesbetweenastandard
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} PFOSsolutionandtheanalyte extractedfromsea n thisanalysiswerematchedtowithin 1% onthei HPLCsystem.

| ESMS: Detectionand monitaring of the molecular ionAualysisofPFOSstandardsindicatesthatthe prizaryioncharacteristicofPFOSi mz = 499am,corresponding tothemassofthe anionicsurfactant (CuSO). Thision wasmonilored selectively| to maximizescositivity. A scan of m/z=100 to 1210 (negativeonly)wasalsocollected.
HPLCES-MS/MS: Detectionandmonitoringofcharacteristicsecondaryions| ES-MSMSisverysimilarto ESMS,except that it adds an additonaldimensionofcerainy'to  -‘compound identification. AsinESMS, acharacteristicioni selected. Afterselection,theES-MSMScharacterizes theionfurtherbysmashing it apartwihhigh-energygas.AS aresultofthe Smashing,secondary ionic ragmeots(daughter ion),characteristic ofthe molecule,arecreatedanddetected.1 For example,forPFOSanalysis, on 499 is selected a th characteristicprimary ion. Thisfon issmashedint other ionssuchas 80 amu (correspondingtoSO), 99amu (correspondingtoFSO), 130amu (correspondingtoCF3S0,), 180amu(CF.S05),and230ama(CyFeSOy). Eachofthesesecondary| fragmentsis detectedat the detector.

Qualitycontrolsummary: .| Dustosample Limitations, ser sampleswerenotextractedinduplicate, with 1 exception. For| thissamereason,matrixspikescouldno beevaluatedfo th samples. Eachsampleextractwasanalyzedinduplicate. Onesample, M0O1278containedenoughmaterial fo twoextractions,The presented resultsfo this samplearebas onduplicateanalysisofcachofthetwoextractions. Methanol blankswere| edonoi besamplewasanalyzedevery $ samples. Because humanserawithout PFOSisnotavailable, samplesof‘pooledserapurchased fromaSigma werepre-extracted,spikedwitha standardconcentration of PFOS,ad1 re-extracted.Thispre-extractedseraisunderstoodtobe verysimilartothesamplematrix.Thisfivepointextracted curve wasanalyzedbeforeand afte thesamples. Quantitationof the samplesisbased onthelinea regresionequationderivedfrom th averageofthe twobracketing curves(2 = 0.999).| Specific QC parametersar avaiableonthe appended results table. .
Linitof Quantitation -“Thecurreatanalyticalmethodbasbeenusedtoevaluate 3 argerangeofPFOS levelsextracted| from sera;the methodi motoptimizedfor preciselow-level (< 5ppt)quantitation,butinstead forsamplesin therangeof20-60ppb. Giveatheconcentrationschosenforthisoptimizationofthe standardcurve,whilethere i asaisticaldiffereacoforsamples evaluatedfrom 5-100ppb, there 5 no statistical] differencebetweensamplesquantitatedfrom1-5ppb. Thequantitationdoesnotbecomestatistically- defendableuntil Sppb;thustisvaluerpreseotsthelit of quantitation forthismethod. Samplesdesignated <LOQar estimated t contain 1-5 ppb PFOS. Iffurtheraccuracyand precision inquantitation of theIow-lvel2-stsamples (sample lessthan 3ppt i required, a speciallow-level| 3
LimitofDetection

] “The limit of detection forthisanalyticalmethod i basedonanalyst recogaitionofthedistinctpeakshape resultingfromPFOSasalysis. PFOS standardmateial andPFOS extractedfrom seraanalyzedbythe condition reportedhere, show earbaseline resolution of 1branchedand 1linearPFOSisomer. Theapexofcachpeakin the HPLC-traceoccursat aspecific reproducibleretention ieandtheratoofthebranchedpeaktothe linea peak fairly consiteatdowntothe lowstandard,1.0ppb.Thosesamples thata)bad PFOSlevelsevaluatedatles thanthe limit of quantitationandb)evidenced thedistinc peakshape,weredesignated<LOQ.Samplesthat a)havePFOSlevelsevaluated atlessthantheLimitof quantitationand tha b)donotrectthe uniquePFOSpeakshape,weredesigaaied <LOD.‘Thesesamplesare estimated to containfrom 0-1ppbPFOS. 004376
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| Instrumental specifics:FPLC tem
HewatPackandSvies 1100LidChromatogaphColuma:KeysoneBea Cs

| 2x100mm
SumparcesizeFowrus: 300ymin

| SolveatA: 2.0mMAmmoniumAcetateSven: MethanolSolventGratin:
45%50%8 2.9.50mins.

1 Hold2 0 4 oc3.50 mins.Ren 4540 i150i
. Fold 3.4558 or 3.5mi.

1 Injectionvolume: 10)
Injections sample: 2

Electrospray mas spectrometer .
| MicromassPlatform ITAP MassSpeco,“Chick”Massy2.4SoftwareConevalages: 20,60| SoeycoveSoustemperature.+ 115°C. .Analyzer vacuumpressures: 0.006043 Bar, 0.000079mB| Tons: 365, 413,499,427 .

Electrode! cose flow
| B

|

|

i
004377
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} Fluorine Analytical —
| Chemistry Team 778-6018
|

‘Samples Received: 306198 Analysis by: BSMS (9)
‘Samples Extracted: 309098 Calibration Curve Range: 1ppb- 49ppb.
Samples Analyzed:  J/11- 3/12/98 ofCalibration Carve: 039%

LoD*: 1ppb
LoQz: Spb

PHASEV and VI: Analysis offoreign (rural Northern Chins) and historic sera samples (1960)

|sper [GnomeJ sper|“>|p ppb+B40 p 2
| ZZAl| LOD m001203| 24.4 +-04

za|  <op Moors] 4844-1
za oq Mono 224-02

1 za <0Q Mooz21| 1184-01
zas| op Moo1208| 59.4 +-0.1

za ma 8| oD
| 2za7| <LoD

ZZA9 and 10] <0Q
ZAuman] op

] QC Results :
[QC Checic Recovery
Catbration Check QC1) 104% )| |e a ;

Branched Isomer Abundance Percentages
J To|AT

Brasched lsomers| Branched Iiomers|
| = — : GiiDe) [5@ampiedtapoo]

[StandardMaterial 2%
[IndividualsSampled in 1998 34%

| [reCotage Grove Patrks as
individuals Sampled in 1970's 3%[Pooied Sera Samples 31%

|

1-LOD = Limit ofDetection :| 2-L0Q=LimitofQuantitation
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| Environmental tory- Fluoris ical i i! KrisHansen -Sr. AnalyticalChemist

FluorineAnalytical Cheaistry Team
Building 2-3E-09
127786018

PhaseVand VI:
Quantitative analysis ofPFOS in historic human sera samplesand in human sera samples from rural Northern China

Summary:
Twosets ofsamples,the first with 12samplesin plastic vials (Z-5t) and th second with S] samplesinglassvials(M-se), were supplied to the EavironmentalLabbyJeffMandel(3MMedical) onMarch 20, 1998.Forbothsts, samplevolumevaried from 02 1 1.0mlofhumansrs. Avolumebetween0.4 -1.0mL.of achsamplewasextractedusinganion-pairingreageat.SixsamplesintheZ-sctJ idnotcontainenoughvoleforextraction;inthesecasstwo mpl (  ZZASandZZAS)were| combinedsndextracted asane sample. The extract wereanalyzedqatitatcly forperfoorocianssulfone(PFOS)byhigh-pressure liquidchromatograpky-<lectroepaymassspectrometry (HPLC-ESMES).. Analyt identificationwasverified bycomparisonofmolecular io HPLC recation imeoftheextractedi analyteandstandard material, Sampleswere quantitatively evaluated agaiast aspeciallyprepared, five:pointextractedcurve(2=0.999). Eachsampleextractwasanalyzed twice. Calibration checks, «analyzedevery §samples,werewithin 6%of expectedvalues.| ‘Theidentityof PFOSinseveralrandomly selectedsamplesi thisphase (M-setoly)was‘confirmedusing FIPLC-ESMSMS.In llcasstheanalytecxibited acharacteristicretention ine, 8.characteristicprimaryion,and fivecharacteisicsecondary ons.

| Fctrcsamples
“Thesera samplesintheMs,collectedfrom donarsintheUSinthe 19603, hadinaverago| PFOSconceatrationof 3.4pb;thesamplesrangedin PFOSconcentration rom 11.8.0 594.

Foreignsamples
“The 9samples a th Z-et ncluding 3compli samples)werecollectedfromdonors i rural! Chinaandweredetermined 0 have much lowerconcentration ofFFOSthanany humanseadats et :i analyzedpreviously.Six samples didnotcota PFOSabovethe detection init ofthisanalyticalmethod(1ppb). Theremaining 3samplesevideacedPROSconcentrations lessthan $ppb,thefitof| quantitation. Withtheexceptionofone human serasamplecollected inthe 19808(Wil 0002),thesoarstheonlyumansampisdeterminedtoconta less than 10 gbFFOS.

| Experimentalsummary:
k Samplepreparation:Ion-pairing extraction

InapH controlled eavironment, an fon-paring reagent, tetrabutylammonium sulfate (TBA),is1 152d 1 extractthe analy romthematrix.Anioniccompound,Likete Cationicreagent, selecively,targets PFOS andperfluorooctanoae(POAA).Subsequent 1 theformation ofthe TBA-anion par, theanalyte itransferredto aoa-polaorgan solvent (thy acta),died,an reconstituted inmethanctforMSanalysis.
HPLC:Characteristic retention timesforPFOS

InHPLC,aa aliquot of th extract i injectedandpassedthrough achromatographiccolumn.Basedontheaffinityofthc analytefor the stationary-phaseinthecolumnrelative to the liquidmobilePhasepassingthroughthecolumn, theanalyte i retainedfor 8characteristicamount oftie. For‘example,in astandardsolution, PFOSmay elute at 10.5mines. Retentionticsbetween astandard
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V/
PFOSsolutionandtheanaly extracted from serainthi analysiswere matched to within1%ontheHPLCsystem.

ESAS: Detectionandmonitoringofthemolecularion
Analysis ofPFOSstandardsindicatesthattheprimaryioncharacteristicof PFOS ism/z =499amy, correspondingtothe massofthe anionicsurfactant(CuFSOy). This onwasmonitoredselectivelytomaximizesensitivity. A scan of m/z=100to 1210(negativeonly)was alsocollected.

HPLCES-MSMS: Detectionand monitoring ofcharacteristicsecondaryions1 ES-MSMS isvery similar 10 ESMS,exceptthatitaddsanadditonaldimensionof ertaintyto -| ‘compound identification.As inESMS, acharacteristicionisselected.Afterselection,the ES-MSMScharacterizes theion futherbysmashingit apartwithhigh-energy gas.As a result of the smashing,secondaryionicfragments(daughterions),characteristicofthe molecule, arecreatedanddetected.1 For example, for FFOS analysis,ion 499 is selected as the characteristicprimaryion.Thisfon issmasheditootherionssuch as80am (correspondingto S05),99amu(corresponding tFSO), 130‘amu(correspondingtoCF5S05), 180amu(C;F.S05),and230amu(CFeSO5).Eachofthesesecondary] fragmentsisdetectedatthe detector.

Qualitycontrolsummary:
Dusto sample limitations, serasampleswerenotextractedinduplicate,with 1 exception. For| em tess metwr cris ptswit pen Koinduplicate. Onesample,MOO1278containedenoughmaterial fortwoextractions.Thepreseated resultsforthissamplearebasedonduplicateanalysisofcach ofthetwoextractions. Methane blankswere| ‘analyzedperiodicallyto easurecompleteisolation ofthesample. Amid-level(24ppb)quality controlsamplewasanalyzed every $samples. Becausehuman serawithout PFOSisnotavailable,samplesof‘pooledserapurchasedfromSigmawerepre-extracted,spikedwithastandardconcentrationofPROS,sid1 re-extacted.Thispre-extracid ser is understood tobeverysimilar tothe sample matrix. This five -| ‘poi extractedcurvewasanalyzedbeforeandafterthesamples. Quantitationofthesamplesisbasedonthe linea regressionequationderivedfrom the averageofthe twobracketingcurves (+2 =0.999).y Specific QC parametersareavailableontheappended results abl. -

Limit ofQuantitation -‘Thecurrentanalyticalmethodhasbeenused to evaluate a largeragofPFOSlovesextracted| fromsers; themethodi notoptimizedforpreciselow-level (< Sppb) quantitation,butinsteadforsamplesin therangeof 20-60ppb. Given the conceatrationschosenfo thisoptimization ofthestandardcurve, whilethereis statisticaldifferenceforsamples evaluatedfrom 3-100ppb, thereisnostatistical] differencebetweensamplesquantitated rom1-5ppb.Thequantitationdoesnotbecome statisticallydefendableuntilSppb;thusthisvaluerepresatsthelimitofquantitation fo thismethod. Samplesdesignated<LOQareestimated to contain1-5ppb FOS.Iffutheraccuracyandprecisioninquantitation ofthe low-levelZ-stsamples (samples lesthan $ppb) is required,a special low-level] fri
.LimitofDetection

| ‘ThelimitofdetectionforthisanalyticalmethodisbasedonanalystrecognitionofthedistinctpeakshaperesultingfromPFOS analysis. PFOS standard material andPFOSextractedfrom seraanalyzedby theconditionsreportedbere, show nearbaseline resolution of 1branchedand 1linearPFOSisomer, Theapexofcachpeakinthe HPLC-raceoccursat a specific, reproduciblereteation timeandtherato ofthebranchedpeaktothelinear peakisfairlyconsistent downtothelowstandard, 1.0ppb.Thosesamplesthata) adPFOSlevelsevaluaiedatles thanthelimitofquantitationand b) evidencedthedistinctpeak shape,weredesignated<LOQ. Samples thata) havePFOS levelsevaluateda lesthanthelimit ofquantitation andthatb)donotrecttheuniquePFOSpeakshape,weredesignated <LOD,‘Thesesamplesareestimated to contain rom 0-1ppbPFOS.
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Instrumental specifics:
| HPLC tem

‘Hewlett PackardSeries 1100LiquidChromatograph
‘Column:KeystoneBetasil Cig.

] 2x100mm
$ umparticlesize

Flow rate: 300pLimin.SoventA: 20nMAmmoniumAcca .| SoventB: Meno!
Solvent Gradient:

451090%B.125.50mins.1 flyer
nse.

. [Holdat'¢$%Bfor3.5mins.
1. Injectionvolume:10uL.

| Injections/sample:2

Electrospraymassspectrometer .
| ‘MicromassPlatformITAPTMassSpectrometer, “Chick”‘Maly2.4Satware

Conevoltages:--20v,-60v| So Serpte
Sourcetemperature:+ 115°C. .
Analyzervacuumpressures:0.000043mBar, 0.000079mBar

] Tons: 369, 413, 499,427 ™-
Electrode! crossflow }

|
|

|
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! FluorineAnalytical jo
Chemistry Team 778.6018

Samples Received: 36/98 Analysis by: ESMS (9)Samples Extracted: 39198 Calibration Curve Range: 1ppb- 49ppb
SamplesAnalyzed: 3/11-3/12/98 ofCalibrationCurve: 0.998

LoD’: 1ppb| L0Qz: Spb

! PHASE V and VI: Analysisof foreign (rural Northern China) and historic sera samples (1960)

|conn| |p (ppb+B40) 2ZA oD TOOTS] 244 +1-0%1 zn] oo sooo] evils
243) <L0Q | MO1202}  232+4/-02zm|  aoq Mooz21| 1184-01| za 200 Mootaos] 3544-01

’ ZZA6 and 3 <LOD
zza7| <LoD

| 2zZAvmato|  <L0Q
ZZA11 and 12] <LOD

QCResults ; _
] QC Check: % Recovery

Catbaton Check (C1) 100% ;| CalibrationCheck (QC2) 106% “x |

| :
BranchedIsomerAbundance Percentages

| Adameof| 5Avuadunceof
Branched Isomers|BranchedInomers

Eampieror 1 erage) Gabe) JaGrempiedtspoo —]| [StandardMaterial %
[individuals Sampledin1998 34%3M CotageGrovePlant Workers a| Individuals Sampled in 1970's %Pooled Sera Samples 3%

1-LOD =Limitof Detection
:2-LOQ= Limit of Quantitation

3M Environmental Lab
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1 3M Environmental Laboratory: Fluorine Analytical Chemistry Teami KrisHansen -Sr.Azalytcal Chemist
Fluorine Analytical Chemistry Team
Building2-3E.09
612.778.5018

' : PhaseVII:
i US Geographical Distribution Study- PFOS levels in human sera

| Summary:
Fifty-fivesamplesof oldhumanserain plasticcentrifugetubesweresupplied totheEavironmeatal LabbyJefMandel(3M Medical)onMarch19andMarch 20, 1998. Thesamples,] collectedfromsitesaroundtheUnitedState,containedseveralmL ofsera. OnemLaliquotsofsera:‘weroremovedfromcachsampleand extractedwithan ion-pairingreagent;nearly al of th sampleswereextracted in duplicate.TheYaextracts wer analyzedquantitatively fo perfuorooctanesulfonate1 (BFOS)byhighpressureliquidchromatography-<lectrospraymassspectrometry (EPLC-ESMS). Analyteidentificationwasverified bycomparisonofmolecular ionHPLCretention time af the extractedanalyteand standardmaterial. Sampleswerequantitatively evaluatedagainst aspeciallyprepared, five-pointextractedcurve(+2=0.996). Amatrixspikecalibration check,analyzedinthemiddleoftheanalysis| sequence,waswithin1%ofexpectedvalues.
Theserasamplesinthe geographic istibutionstudyhadanaveragePFOSconcentrationof28| Fp thesamplesrangedinPFOSconcentration from 9ppb 1 59ppb. Theperocatabundanceofthebranchedchain isomerwas 41+/- 4% Instandardsolutionsof PFOS,the branchedchainaccountsfor217+/3.1%ofthe totalconcentration. Adetailed summaryof theresults iatached. :

| Te tyo EOS resin cst plein isae(en‘confirmedusingHPLC-ESMSMS. Inallcases theanalyteexhibited acharacteristicretention time, acharacteristicprimaryion, and fivecharacteristicsecondary ans.
Enma :

| Samplepreparation: Ion-pairingextraction
In apHcontrolledeavironmeat,a ioo-pairingreagent,tetrabutylammoniumsulfte(TBA),is‘used10extracttheanalytefromthe matrix.Anionic compounds, likePFOSandperfluorooctanaste(POAA),areselectivelytargetedbyth cationic reageat. Subsequent otheformationofthe TBA-anion| ea eget ermineTA‘methanolforHFLC-ESMS analysis.

| HPLC: Characteristic retentiontimesforPFOS
InHPLC,analiquotofthe extrac is injectedan passed through achromatographiccolumn.Based ontheaffinityof theanalyte orthestationary-phaseinthecolum relative ttheliquidmobile-phasepassingthrough thecolumn, theanalyteis retainedfor acharacteristicamountofime. For| Cauple nssandedslain,PFOSmaydt 1 105mites.Rieninsbetween anidPFOS solutionan theanalyte extractedfrom serainthis analysiswere matched to within1%on the' HPLCsystem.

ESAS: Detectionandmonitoringof the molecular on
Analysis of PFOS standardsindicate thattheprimaryfoncharacteristicof FOSism/z =499‘amy,correspondingtothemassoftheanionic surfactant (CeFirSO). Thision wasmonitoredselectivelytomaximizesensitivity. Ascanofm/z=100 t 1210(negativeonly)was alsocollected.

| 004387
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| HPLCES-MS/MS: Detection andmonitoringofcharacteristic secondary fons
i ES-MSMSisvery similarto ESMS,exceptthatit addsanadditional dimension ofcertainty to‘compound identification. AsinESMS, acharacteristicion i selected. After election,the ES-MSMScharacterizes th fonfurtherbysmashingit apart with high-<nergygas.As result of the smashing,secondaryionicfragments (daughter ons),characteristicofthe molecule,arecrestedanddetected.Forcxampie, for PFOS analysis, ion 499 i selected a th characteristicprimaryion. Thision issmashedinto otherionssuch as 0amu (corresponding 0 SO),99amu (corresponding to FSO), 130amu (correspondingtoCFSO5), 180amu(GSO),0d230 amu (CSFeSOy). Eachofthesesecondaryfragmentsidetectedatthedetector

‘Quality control summary:
Inmost cases,theserasampleswereextractedinduplicate;forthosesamplesthatwere,standarddeviation valuesareincludedinthe table of result.Matrixspikeswere preparedforseveral samples, oo.| Iavailable,thematrix spike recoveries are include intheresults table. Amid-level(49ppb) qualitycontrolsamplewasanalyzed; recoveryfor thematrixspikewasdeterminedtobe 101%. Because humansezawithout PFOS isno availabe, samples ofpoled serapurchased from Sigrma wer pre-extractod,] spikedwith astandardconcentration of PFOS,and re-extracted. Thispre-extractadser is understoodtobevery similar tothe samplematrix.This fivepoiatextracted curvewasanalyzedbeforeandafterthesamples. Quantitationofthe samplesisbasedonthe linearregressionequation derivedfromthe sverage:| Ofthetwobracketing curves (2 =0.99).SpecificQCparameters areavailabeontheappendedresultstable.

LimitofQuantitation
| “Thecurrentanalytical methodbasbee use toevalua a large rangeof PFOS levelsextractedfromsera; themethodisnotoptimizedforpreciselow-level (< §ppb)quantitation,butinsteadfor‘samplesintherangeof20-60ppb. Giventheconceatrationschosenforthisoptimization of thestandard] curve, whilethere is a statisticaldifferenceforsamplesevaluate from 5-100ppb,thereisnostatisticaldifferencebetween samplesquantitatedfrom 1-5ppb. The quantitation docs notbecomestatisticallydefeasiblcuntil 5ppb,thus thisvaluerepresentste mitofquantitation fo thismethod. Samplesdesignated <LOQaeestimatedtoconta 1.5ppb PFOS,Iffurtheraccuracyandprecision in| quantitation of the lowlevel Z-se samples (samplesless than §ppb)is required, speciallow-levelQuanitationsystem willberequired.
] Limit ofDetection

“The limitofdetection fotisanalyticalmethod i basedonanalystrecogaition ofthe distinctpeakshaperesulting from FOSanalysis.PROS standardmaterialand PFOS extracted from sera] analyzedbytheconditionsreportedhere,shownearbaseline resolution of 1 branched and 1linearPFOSisomer. Theapexof cachpeakinthe HIPLCHraceoccursat specific, reproducible retentiontimeandtheatioofthebranchedpeak othe linearpeakisfirlyconsistent dowa to th low standard,1.0ppb,Those.‘samplesthata) bad PFOS levelsevaluateda essthanthe limitofquantitationand b)evidencedthe| distinctpeakshape, weredesignated<LOQ. Samplestha 2) havePFOS levelsevaluatedatlessthanthelimitofquantitation andthatb)donot electtheuniquePFOSpeakshape,were designated <LOD., Thesesamplesareestimated 0contaia from 0-1ppbPFOS.
i

Instrumentalspecifics:
HPLCsystem
Hewlen PackardSeries 1100Liquid Chromatograph

ColumnKeystoneBetaslCis
2x100 mm
$ jum panicle size: 004388
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| Flower 300 mia.| SoventA: 20MMAmmonium AccteSovemB: Methanol
+ SolventGradient:

451090%8in9.50mins.
Holdat50%Bfor 3.50 mis.
Return to 454B13 180 mins. .Hold at 43%8for 3. mins.

Injection volume: 101.
Injections/sample:1

Electrospraymassspectrometer
‘MicromassPlatform 1APIMat Spectrometer, “Chick”

‘MasLynx2.4 Software
| Conevoltages:60v

Mode: egutve
Sousep isc.

] Analyzervacuumpressures: 0.000043mBar,0.000079mBar
Tous: 499,427
Elecrode:cross ow

| . .
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| 3M EnvironmentalLaboratory- Fluorine Analytical Chemistry Team

KrisHansen -Sr.AnalyticalChemist

FluorineAnalyticalChemistry TeamPein 33805ass
‘Quantitative analysis ofPFOS in historic

‘human sera samples from Sweden

i Summary:ogee srsample sicvilwesspl ohEviomenalLeb by JT
Nanded Co otTa on ope(eps5.1 55.10tn SE11-SE 2)

| ames. tsrope of pi ipodi Soden 1 1 ala, le
volumevariedfrom0.5to 1.0mLofhuman sera.Anexactvolume,usuallytheentiresamplewas

eiet.Tacswe syedatelytps
7 lfosate(PFO)byhighpressureiidchromatography-<lectrospaymas spectrometry (HFLC-ESMS).
| “Analyt identification wasverifiedbycomparison of molecularion EPLC retentiontimeof theextracted

pointextractedcurve(°2 =0.992). ‘Eachsampleextractwasanalyzedtwice.Calibrationchecks,| eesti
Descriptionofsamplesgroups: SE-1to SE-10andSE-11to20

| ‘Sera samples SE-1 through SE-10were collected from Swedish donorsmore recently than

‘samplesSE-11throughSE-20.‘TheaveragePFOSconcentrationinthefirstgroupswasdeterminedtobe

1.3ppb;therewerethreesamplesbelowthelimitofdetection. “Thesecondsetofsampleshadanaverage

, Es:aio oecape,FOSconcstaon wi ccm 1bcs
| ns.AcidPHO%sca pb.Twiiposeto

ie os of eeowov pl.
Experimenta mammary: ;
Sampleprepraton: ovparin execton .

| Ina pH controlledenvironment,aniou-pairing reagent,tetrabutylammoniumsulfate(TBA),is:

usedtoextracttheanalytefromthematrix.Anioniccompounds,likePFOSandperfluorooctancate

(POAA),areselectivelytargetedbythecationicreagent. SubsequenttotheformationoftheTBA-anion

pair,the analyteistransferredto anon-polarorganicsolvent (ethyl acetate),dried, and reconstituted in

] TcthanolforMSanaisis
PLC: racers enontesfo PFOS

| etetty cid paseochromsiograpiccls.
‘Basedontheaffinityoftheanalyteforthestationary-phaseinthecolumnrelativetotheliquidmobile-

‘phasepassingthrough thecolumn,theanalyteisretainedfor acharacteristicamountoftime. For

| © example,in a standardsolution,PFOSmayeluteat 10.5minutes.Retentiontimesbetween astandard.

a rtEo srsayswerahd wii 190
HPLCsystem.

, .
;
- 'ES/MS:Detectionandmonitoringofthemolecularion

“Analysisof PFOSstandardsindicates tha theprimaryfoncharacteristic of PFOSism/z = 499
! ‘am,correspondingtothemassoftheanionic surfactant (C4Fy;SOy-). Thisionwasmonitoredselectively
| ano 13 51 peo wssl coll. I hosesie

| 004394
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that weredetermined tcontainPFOSat concentrationsgreat than 10ppb, is possible toverify the
| identityoftheanalyteusingHPLC-ESMSMSto monitorfour characteristicfragmentdaughterions.

Qualitycontrolsummary:
Duetosamplelimitations, serasampleswerenotextractedinduplicate.Forthissame reason,

‘matrixspikescould botbeevaluatedfor the samples.Each sampleextractwasazalyzedinduplicate.
‘Methanolblankswereanalyzedperiodicallytoensurecomplet isolation ofthe sample.Twomid-level
2.98ppband4.95 ppd) qualitycontrolsamples wereanalyzedbetweenevery § samples. Becausehuman
sera without PFOS is notavailable,samplesofpooledserapurchasedfromSigmawerepre-extractedy

i spikedwitha standardconceatration of PFOS,aod re-extracted.Thispre-extraciedser i understood to
| bevery similar t th sample matrix.This fourpotextractedcurvewasanalyzedbeforeandafterthe

samples. Quantitation ofth sample isbased onth linear regression equation derivedfrom the average.
| ofthetwo bracketing curves (2 =0.992).SpecificQC parameters ar avalabi onth appendedresults

able.
LimitofQuantitation ~

1 Theselow levelsampleswere analyzedagainst aspeciallyprepare low love curve.Asaresults,
‘confidence limits calculated aroundthecurvevalues indicate a quantifiabledifferencebetween samples
evaluatedat0and1ppb. Forthis analysis,thelitofquantitation an the limit of detectionare

I LindtofDetecton
“Thelimitofdetection for thisanalyticalmethodisbasedonanalyst recogaition ofthe distinct

| peakshaperesultingfrom PFOS analysis. PFOSstandardmaterialandPFOS extractedfromsera
‘analyzedbythe conditions eported here, shawnear baseline resolution of 1branchedand 1 linearFFOS
isomer, Theapexofcachpeak in the HPLC-raeoccursa specificreproducibleretentionti god the

1 ratioafthe branchedpeak tothelinearpeakisfairly consistentdowtothelow standard,1.0ppb.Those
i samples that ) have PFOSlevelscvaluatodatlesthanth limitofquantitationandthat b) donot reflect

theuniquePFOSpeakshape,weredesignatedb.d.L.(belowdetection limit.Thesesamplesareestimated.
0continessthan1ppbPFOS.

004395
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Instrumentalspecifics.
HPLCsystem
‘Hewlett PackardSeries 1100LiquidChromatograph

Colum KeystoneBasil Cis
2x100mm
Sym particlesize

Flownte: 300iLimin.
1 SoivestA: 2.0 mMAmmoniumAcetate
| SolventB:  Methanal

SolveatGradicat:
451050%Bin9.50mins.| Hoda05 3 0mi
Returnto 45%B a1.50 mins.
Folda 45%8for 3.5mins.

1 Injection volume:10 4
Injections sample; 2

| Electraspraymassspectrometer
MicromassPlatform ITAPIMass Spectrometer,“Chick”

‘MassLynx 2.4Software .‘Conevoltages: -20v, 60v
| Mode:electrospraynegative

Sourcetemperature: 115°C.
‘Analyzervacuumpressure:0.000043mBas, 0.000079mBar

| Tons: 369,413, 499,427

| ElectrosprayMSMS
MicromassQuatro IlAPLMSMS,“Madeli™

‘MassLynx3.1Software
Conevoltages: S0v :

| Collision gas energy:40 4
Mode: electrospraynegative Y
Sourcetemperature: 115°C. :

| Analyzervacuumpressures: 0.000043mBar,0.000079mBar :
PrimaryJou:499
‘Daughierions: 0,59,130,180, 230

1 Electrode:Zaous

|
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i Fluorine Analytical go.
Chemistry Team 778.6018

SumplesRecelved: ass prema Es)
SumplesExtracted: 4740858 Callration CurveRasge: 1001010350
Samples Aulysed: 4054358 PfCallbraion Curve: 0352

Lon’: mb
10Q* mb

‘StudyofPFOSlevelsinhistorical Swedishhumanserasamples

ET T2401 SET T1407
SE2 1501 = 294-00| Ee | me gr | awe
sB4 104-01 | E14 284-00
SEs bal seis 294-00

| sE6 124-00 se16 27402
s87 284.00 E17 124-00
ses bal ses 124-00
SES. 264-09 seis bal| Err av F wu

QCResults :

bration Check,298730 Too%
bration Check,4.95ppb 100% :

i bration Check,2.98 ppb 100% 2bration Check,4.95ppb 96%
: bration Check, 2.98ppb : so .
| bration Check. 495 pp sa :

] ‘Branched IsomerAbundancePercentages

[SandardMaterial o% ED wh
fnivicuals Semplein1558 oe EA 3

| [recomenGro itwoke,158 as ” 3
fnividunl Sampledin19708sd05 am PA 2
[Pocted SeraSeapesfrom 1997.58 am EY n
[Foreign SerSamples, 1984sd1954 oa »| mitei: ~ :US Geographical StdySamples, 1598 an “ 5

| 1-LoD=LinitofDetection 397
2 IToQ Lak otunition 004

|
Pagel .

|



Sheet! .

filo number sample description peak area [analyte]
4009807 0.998 ppbinj 1 4654 08
4099808 298ppbinj 1 8096 31
4099809 298ppbinj2 8247 32
4099810 4.95 ppbinj1 128 64
4009811 495 ppbinj2 1881 65
4099812 9.8ppbinj1 us 102
4009813 9.8 ppb inj 2 mee 99
14009818 Mechblank 4466 05  [PFOSJavg St.Dev.
4099819  SE-11HSMOT8inj1 9659 12

| 4009820  SE-11HSMOT8inj2 9265 39 a 02
| 4099821  SE-12HSO4078inj1 7886 30

4009622  SE12HSMOTBinj2 7794 29 29 [3
4009823  SEI3HSMOBinj1 6507 20

] 4009824  SEI3HSMOBinj2z 6736 21 20 01
4090825 SE 14HSMOT8mj1 7684 28
4000826  SE-14 HSO078inj2 7674 28 28 00

] 4099827 SE-ISHSOUT8inj1 7808 . 29
4009628  SEISHSMOBinj2 7808 29 29 00 %Rec,QC
4099829 Mech blank 4183 03 :

| 4009830 2.98ppbcalcheck 8173 82 108
4009831  49ppbcalcheck 10721 60 100
4099832 Mech blank 8844 00
4009833  SE-IHSMOBinj1 7766 29

| 4009834  SEI6HSMO8inj2 7411 26 27 02 :
4009835  SE-17HSMOT8inj1 6539 18
4099836  SE-ITHSMO8imj2 5450 12 12 00

] 4009837  SE-18HSM4078inj1 5380 12
4009838  SE-1BHSMO”8inj2 5459 12 12 00
4099839  SE-I9HSO0T8inj1 4579 os -

| 409940  SEI9HSOA0TBin2 4335 04 05 or
4099341  SE-20HSO0T8inj1 4018 oz %
4099342  SE20HSOA0TBinjZ 8971 01 02 i 00

| 4099843 Meoh blank 8569 0.1 :
400844  298ppbcalcheck 7982 30 100
4009845  A9ppbealcheck 10483 48 %

] 4009846 Mech blank 817 03
4009847  SE1HSOA0TBimj1 630 11
4009848 SEI HSM0T8inj2 5436 12 12 01
4009849  SE2HSMUT8imj1 5778 14

] 4009850  SE-2HSO0T8inj2 G88 15 15 01 .
4009851  SE-QHSOA0T8inj1 5197 10
4090852  SE-QHSOA0TBin2 G14 10 10 00

| 4099853  SE-4HSOM4078inj1 5837 11
4099854  SE-4HSMOT8inj2 6127 10 10 01
4099855  SE-SHSOA0T8inj1 4807 01

| 4090856 ~~ SE-5HSOM078imj2 4987 08 08 o1
! 4099857 Mech blank a6 08 :

4009858  298ppbcalcheck 7479 27 8
4009850  495ppbcalcheck 9904 11 FE]
4099860 ‘Meoh blank 219 04

004398
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Sheet!

4009861  SE6HSO0T8inj1 421 12
4090862  SEGHSM0T8inj2 5480 12 12 00
4099863  SE-THSO0Tinj1 7678 28
4090864  SE7HSMOT8inj2 7129 28 28 00
4099865  SE-BHSM0T8inj1 4566 08
4090866  SE-SHSO078inj2 4682 Ig [3 01
4099867  SEOHSO0T8inj1 6497 20 .

i 4099868  SEOHSM0TBinj2 8183 32 26 09
t 4099869  SE-0HSM0T8inj1 4312 04

4090870  SE-I0HSOM8inj2 4710 01 0s oz .
4099871 Mech blank 1655 00

| 4009872 waterblankinjl 3813 00
4099873 waterblankinj2 8891 01
4099874 sera blankinj 1 413 04

1 4099875 serablankinj2 4498 05
4009876 0.988ppbidj 1 51% 10
4009877 0.998 ppb 2 5054 09

i 4000878 2.98ppbinj 1 m2. 28 -
¥ ‘4000879 2.98 ppb inj 2 7192 29

4099880 496 ppbinj 1 0297 47
| 4099881 4.95 ppbinj 2 0656 49

4009882 9.80 ppb nj 1 1807 94
4099883 9.80ppb nj 2 1638 94

i .
1
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1 3M Environmental Laboratory: FluorineAnalytical Chemistry Team
KrisHansen -Sr.AnalyticalChemist
Fluorine AsalyicalChemistry Team
Building 235.09
612.778.6018

, Quantitative analysisof BFOS in historic
| human sera samples from the Universityof Minnesota
. Sommary:
| “Tensampleswere supplied the Environmental Labby JefMandel(3MMedica)onApi 14,1998. Theten samplesweepartof agroupofsamplestha, fer extraction,were pre-screenedforPEOSlevels. Thesetensampleswere classified s“low-level” (<10pb);thyare umbered1, 2A,3A,4,5,6A, 7A,8, 9A,and 10A.To-onemL.portionsof hesamples wer cxiracted singa ion-oising.| reagent.The extractswereanalyzed quantitatively fo perflorooctanesufonats(PFOS)using highpressure liquidchromatogriphy-<lctrospraymassspectrometry (HPLC-ESMS).Anaiyte ideaification‘wasveified bycomparisonofmolecular ion-HPLC retentiontimeoftheextractedanalyteandstandard|... matril. Sampleswerequantisivelycaluaedagainsta pecially prepare, fivepoint extracted curve(20.987).Calibrationchecks,analyzedevery §samples,werebetween80-108%ofexpectedvalues.
| Descriptionofsamples:

Inallten fthesepre-screenedsamples, PFOSconcentrationwasdetermined obelessthanthedetection mit of themethod, 1pps
| SE

Samplepreparation:onpairing extraction| cot eat onering agenttblsii COA,usedto cxirac the analytefrom the matrix. Anionic compaunds, ikePFOSand perflorooctancate(POAA), are selectivelytargeedbythe cationicreagent. Subsequent to the formationofth TBA-asionpai,theanalyte stransfered 0 2non-polar organicsolvent (ethylacai), dred, and reconstitutedfnmethanolforMSanalysis.
HPLC: Characteristic retention mesforPFOS| InHPLC, an aliquotoftheextract injectedandpassed through chromatographiccolumn. -Base on theaffity of theanalytefothestationary-phasein th column relative to theliquidmobile-phasepassing throughth columa,theanalyte i reainedfor»characteristicamountof time. For

| ‘example,in a standardsolution,PFOSmayeluteat10.5minutes. RetentiontimesbetweenastandatdPFOS solution andth analyteextractedfrom serainthisanalysisweremalchedtowithin 1%oatheHPLCsystem.

ESAS:Detection and monitoringof the malecular lon. AnalysisofPROSstandards indicatesthatth primaryion characteristicofFFOSism/z = 499| ‘amy, corresponding 1the mas of th anionicsurfactant (CoO). Thisionwasmonitored selectively0maximizesensitivity. Ascanofmz=100 to 1210(negativeonly vasalsocollected.
Quality control mammary:Serasampleswere extractedinduplicate. Methanolblankswere analyzedperiodically toensure‘complete isolation ofthesampleand twomid-level (2.98ppband4.95pt)qualitycontrolsampleswereanalyzedbetwenevery $samples. Because human sera without PFOS i no availble, samplesofpooled seapurchase from Sigmawerepre-exraced, spiked with a standard concentrationofFFOS,andreextraciod.Thspre-esractedser sunderstood t bevery similar the samplematrix. Thisive

0422/98 004400 1



point extracted curvewasanalyzedbeforsand fer the samples. Quantitationofthesamplesisbasedonthelinearregression equationderivedfrom theaverageof th twobracketingcurves(2 = 0.987).SpecificQC paramétersaeavailableon th appendedresults table.
LimitofQuantitation!LimitofDetection

‘Theselowlevel sampleswere analyzedagainst asocially prepared low level curve. As a results,confidence limitscalculated aroundthcurvevalues indicate a quantifiable differencebetween samplesi evaluatedat0and1ppb. For thisanalysis,thelit of quantitation an the limitof detoctionare
| equivalent.

Instrumentalspecifics: 4| HPLCsystem
HewlettPackardSeris 1100Liquid Chromatograph

‘Column:Keystone BetasilCy
| 2x100mm .

pm particle size
Fownts 30min
SobveatA: 2.0 mMAmmoniumAcetate

|. SoiveatB: Methanol :
SalveatGradient:

451090%B1n9.50mins.
| Holdat90%4Bfor3.50mins.

‘Return to 45%Bia 150 mins.
‘Told at 45 % for 3.5mins.

| Injectionvolume: 10 iL.
Injections/sample: 2. .

Electrospraymass spectrometer
| ‘MicromassPlatform IAPIMassSpectrometer,“Chick”

MassLynx2.4 Software
‘Conevoltages: -20v, 60v

| Mode: electrospray negative
Sourcetemperature: 115°C. y‘Asalyzervacuum pressares: 0.000043 mBar, 0000079mBar || Tons: 369,413, 499 i
Electrode:crossflow

|

004401
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Fluorine Analytical Hansen
Chemistry Team 7786018

‘Samples Received: 44s Analysis by: ESMS ()SamplesExtracted: 4nsm8 CalibrationCurveRange: 1ppb1024.9ppb
Samples Analyzed: ~~ 4/164/21/98 of Calibration Curve: 0.987! : Lop*: Lom

LoQ* ppb
i

AnalysisofPFOS in historic samples of human sera(UofM)

aE eT=]Samp ppb . ”
1 <LoD A <LoD] 2 to w oo
A <1 s <Lop .4 <Lop oA |. <1lols <10D EN <10D

|  QCReus . oo

[Ceameg]

I 3|CalibrationCheck(QC?2at4.95 ppb) 108% -

|
1-LOD = LimitofDetection *

i 2-LOQ = Limit ofQuantitation

004402

anus



EnvironmentalLaboratory-FluorineAnalytical m
KrisHansen -Sr.AnalyticalChemist
Florine AsalyicalChemistry Team
Building 23509
61778.6018

PhaseXI, Part2:
PFOS levels in individual's human sera samples, a blind repeatability experiment

Summary:
| Fifteen samplesofhumanseain plasticcentrifuge tubesweresupplied 0the EnvironmentalLab

byJefMandel 3M Medical) on April 15, 1998. Thefifteen samples were part ofagroupofsamples
tha,aferextraction,werepre-screenedfor PROSlevels.Thesefifesampleswereclassifiedas “mid-] level 10ppband <100ppb;they are rumbered 1A,2B, 2,4A, A, 5B, GB,7B, 8A,9B,SC,108, 11,12, and13. Sampleofsera from thesedonorshave beenanalyzepreviouslybytheFACT.OnemL
aliquotsof serawere removedfrom eachsampleandextractedwithan on-pairingreagent; alloftho

| 0 oie amples were tracted in duplicte, wi
! © Theser extracts were analyzed quantitativelyforpefivorooctanesulfonate(PFOS)by high

pressure liquidchromatography<lecrospray massspectrometry(HPLC-ESMS). Analy identification| ‘wasverifiedby comparisonofmolecularion-PLCretention timeoftheextraciedanalyteandstandard
material. Sampleswerequantitativelyevaluatedagainst a speciallyprepared,Sve-point extractedcarve.
(°2.= 0.996).Matrix spkecalibration check,analyzedinthe middleofthe analysissequence,were

within 10%ofexpectedvalues.
| ThepresenceofPROSinseveralofthesamples (1Athrough6B)wasverifiedusing HPLC-

'ESMSMS.Thistechniqueprovidesa additonal egoof certainty totheanalyte identificationby.
specificallymonitoring fragmeatsdaughte ous (m/z-80,99, 130,180, 230) characteristic ofthePFOS

| primaryfon(wiz= 499).
‘ThePFOSvaluesinthisbindreproducibility analysis arewithin 11% of valuescollected| previously. Specific resultsareattached to tis report. y

Experimental summary: ©

| Samplepreparation: Jon-pairing extracton :
In apHcontroled environment, an foo paiingreagent etrabutylammonium sulfate(TBA) is‘usedtoextrac theanalyte from thematrix.Anionic compounds, kePFOSand perfluorooctanoste

] (POAA),areselectively targetedbythecationicreageat.Subsequent to the formation ofthe TBA-anion.
pair theanalyte transferred to anon-polarorganicsolvent (ethylacetate),rod,andreconstitutedin
‘methanolforHPLC-ESMS analysis.

I HPLC:Chrstrtatereetontes orPROS
InHPLC,analiquotofthe extract iinjectedandpassedthrough a chromatographiccolumn.+ Basedontheaffinityofthe analyteforthe stationary-phaseinthecolumnrelative t th liquidmobile-| phasepassingthroughth columns, the analyteis retainedfo a characeisicamountoftime. For

example,inastandardsoltion,PFOSmayelteat 10.5minutes.Retention timesbetween astandard.
'PFOSsolution and theanalyte extracted from serainthi analysiswere maiched fo within 1% onthe

| HPLCsystem.

| 004403
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| ESAS: Detectionandmonitoring ofthe molecularion
| Analysisof PFOS standardsindicates tha th primaryloncharacteristicofPFOSism/z =499

‘amu, correspondingtothemassofthe anionicsurfactant(CF SO).Thision wasmonitoredselectively
{0maximize sensitivity. A scanofm/z=100 to 1210(bgativecaly)wasals colected.

ESMSMS: Confirmationof nate identification
‘Several samplesin this set wereanalyzedbyESMSMStoverify theideatty oftheFOSanalyte

on.ES-MSMS is verysimilar to ESMS,exccptthatitaddsanadditionaldimension of cetainty to
compoundidentification.AsinESMS, a compoundspecific on sselected. Afterselection,theselected
onicharacterize furberbysmashing it apartwith highcncrgy gas.As resultofthesmashing,onic

, fragments, characteristicof he molecule, arecreated anddetected.
i Forexample,for PFOSanalysis,ion 499i selectedasthecompoundspecific primary on. This

ion smashed atoother onssch25 30amu (corresponding toS05),99amu (correspondingto FSO),
130amu (correspondingtCFSO5),180am (CoF.SO5),and230amu(CyFéSOy). I(PFOSispresent

1 inthesamples, cachofthes secondaryfragments sdetectedat thedetector.

Quality controlsummary?
i Each sera samplewas extracted induplicate; standarddeviation valuesareincludednthetable
| ++ «ot ests. Twomid-level 25ppband 45 ppb) quality control samplewere analyzedbetweenevery five

Samples;recovery for the ixmatrixpikeanalysisweredetermined fobewithin 10%of expectedvalues.
‘Because humanserawithout PFOS is notavailable,samples ofpooledserapurchased from Sigmawere

| pre-cxtracted, spikedwith astandardconcentrationof PFOS,and re-extacted.Thispre-etractedseri
understood tobevery similartothesample matrix.This fivepoint extractedcurve wasanalyzedbefore
andafterthesamples. Quantitation ofthe samplesisbase onthe linea regressionequation derivedfrom

1 theaverage of the two bracketing curves (r*2 = 0.996).SpecificQCparametersareavailable on the
appendedresults able. .
Linitof Quantitation

| ~ Asthesesampleswerepre-screened, it wasdeterminedtha optimizing instrumental detection.
Limitswas otnccessary foraccurateanalysis of thse“mid-lovel” samples.AsaFeul,telimitof

| quantitationwas10ppb. Allsampleswerequantitatedwel abovethis level.

Instrumental specifics: :
| HPLC sem

‘HewlettPackardSeries 1100Liquid Chromatograph.
‘Columa:KeystoneBetas Cia

2x100mm
| S um particlesize

Flowrte: 300lLimin.
SolventA: 2.0mMAmmoniumAcetate

] SoiveatB: Methanol
SolventGradicat:

451090%B in 9.50mins.
| ‘Hold 2.90 %Bfor 3.50miss.

Retum to 45%Bin1.50mins.
Hold245 %Bfor 3.5mins.

Injection volume:10 iL| ion ae
Electrospraymassspecrometer

| ‘MicromassPlatform IT APIMassSpectrometer,“Chick™ 004404
MassLynx2.4Software
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i Conevoltages: 60v
Mode: electrospraynegative
Source temperature: 115°C.
‘Analyzes vaommpressures: 0.000043 mBar, 0.000079mB
Tons:499,413, 365
Electrode: cosslow

ElectrosprayMSMS.
MicromassQuattroIIAPIMassSpectrometer,“Madeline™

‘MasiLyne3.1Software
; Conevolges:S0v
| Collisiongasenergy:45V/

Mode: electrospraynegative
‘Sourcetemperature: 115 °C.

1 ‘Analyzesvacuum pressures:0.000043mBar,0.000079mBar .
“Primarylon:499«,
Daughterions:80,99,130,180, 230

||

004405

osm 3



Team Contac:| Fluorine Analytical Chemistry 7
sous

Samples Received: ans Asalysisby: ESMS
SamplesExtracted: ansis CalibrationCurveRang10ppb to96ppb
Samples Analyzed: 4/164122/98 ofCalibrationCurve: 0.99 ~~ *

00% lope
00: 10pm

PHASE IX, part 2: Blind repeatability experiment }

| Ee [Twos|
1 1A 28 +/-0.3 28 9B. 34 +/-1 30

Bs [oes | a Mosc |aws]| w»
2c [sseo2| wi Bom | sie | ow
a | orvos| us 1 | aera f ae

40 esa | ear 54 2 | mera] na
3 |ssr2| 5 | os| aa
@ |ures | a 1 | wera) aePos faa] 2 fouls
sa | mens |e n [0+] ©

] QC Results 3

[QC Create We Recovery : .| [cuibmtoncook, 24.9pp 56%
[Catibration Check, 49 ppb 10%
[Calibration Check, 24.9 ppb 2% :| [limes 2
|Calibration Check, 24.9 ppb 0% -

| |CalibrationCheck, 49 ppb 98% P+

| 004406

| 1-LOD = LimitofDetection
2-10Q = LimitofQuuatiation
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3MEnvironmentalLaboratory-FluorineAnalyticalChemistryTeamKrisHansen -Sr.AnalycalChemist
FluorineAualyticalChemistyTeam
Building 235-09
127786018

Preliminaryresults: Analysis of POAAin humanserasamples

Summary: .
g ‘Todate,datafrom nine phasesof a studyof fluorochemicalsin humanserahasbee collected.

i PHASEI: Semi-quantitative investigationofPFOSinsamplesofpoledhumanseraPHASEI: QuaatativeanalysisofPFOSandPOAAinsamplesofpooledhumanUS
serasamples,1997-1998

1 PHASEIII: Quantitativeanalysisof PFOSandPOAAinsamplesofindividual's sera,
1998 -
PHASEIV:Quantitativeanalysisof PFOSinhistoricalUSserasamples, 1970s-80s

} #4 nnn PHASE V: Quantitativeanalysisof PFOS InhistoricalUSserasamples,1960s.
PHASEVI: Quantitative analysisof PFOSin samplesofsera from individual in rural.
‘northernChina, 1985-1997

| PHASEVII:Geographicaldistribution: aquantitativeanalysisofPFOSinseracollected.
aroundtheUnited States, 1998
"PHASEVII:QuantitativeanalysisofPOSinhistoricalsamplesfrom Sweden,specificdate notsupplied 0EnvironmentalLab

1 PHASEIX,part 1: Quantitative anlyssofPFOS historical USsamples, 1948-1951
"PHASE IX,part2: PFOSlevelsinindividual'shuman serasamples;Blind RepeatabilityExperiment

| ‘Theanalysisofperfluorooctanesulfonate (PFOS)hasbeentheprimaryfocusinthesephases;
quantitativedataforperfluorooctonoate(POAA)hasalsobeencollectedforseveralphasesofthestudy.
Duetotimeconstraints,wehave notdevotedthe sameattentiontothePOAAaswehavetothePFOS.

| ‘analysis. ‘ThefollowingreportdescribesobservationsofPOAAlevels insomeofthesamplesanalyzedaspart ofthisongoingstudy. Reports detailingthePFOSanalysisitdabovehavebeen isuodtoJel.
| ‘Mandelinthe3MMedical Department.LOQfor POAAis 10ppb.

‘NomberofspieswithPOAA >LOQ =0
1 Number of samples withPOAA > LOD =4 .
J ‘Totalnumberofsamples=12

Comments:
]

Number of sampleswith POAA >LOQ=4
. Total umberofsamples=31

| Comments: Datahasnotbeen examinedcarefully

:
] Number ofsampleswithPOAA >LOQ = 0

‘Totalnumberof samples=10
Comumeats:Daa ha notbenprecisely quantitated

| 004407

ounuss 1



Number of sunples withPOAA > LOQ =0
Nuzberof snples withPOAA >LOD = 6
Tol umberof samples = 6 -i ‘Comments:Datahasnot beenprecisely quantitated

northern Ging| ‘Number of samples withPOAA >LOQ =0
Number of sumples withPOAA >LOD = 3
Totalnumberofsamples=9

| ‘Comments:Datahasnotbeen preciselyquantitated

collectedround he UnltdSites1 Sisfswi AA £10021 2008, 1 250)
‘Numberofamples ithPOAA >LOD =20
Totalnumberofsamples =55 oefee ‘Comments: Datahasnotbenexaminedcarefully
PHASEVI:Quantitative analysisof PROSInistorica samples fromSweden.

| NumberofsampleswithPOAA > LOQ = 0
Number of sumples with POAA >LOD = 0
Totalsumerofsamples=20

] . ‘Comments:Datahasnot beenprecisely quantitated

‘NunberofsampleswithPOAA >LOQ= 0| Total umberofsmples=20
Commeots: Datahas not beenpreciselyquantitated

| Experimentalsummary: ; |
Samplepreparation:lonpairing extraction :| In. plcontrolledeavironmeat,enon-paiing reageat, terabylammoniumsulfite(TBA), isod 0extracttheanalytefrom the matrix.Anioniccompounds, ike PROSandperloorooctancete(POAA), are selectivelytargetedbyth cationic reagent. Subsequent otheformationof the TBA-azion

| pai,theanalyte istransferedtoa non-polarorganicsolvent (ethyl acetate, ried,andreconstitutedn- ‘methanolforMSanalysis
| HPLC:Characteristicretention timesfor POAA iInEPLC,analiquot of the extrac is nectedandpasethrough chromatographic column.Basedontheaffinityofthe analyte fo thestationary-phase i th columarelativetothe Hiquid mobll-phasepassin throughthe coloma,theanalyteis retainedfo 8characeristicamountof tine, For| ‘example,ina standard solution, POAAmayclueat 10.5minutes. Retetion timesbetweea astandardPOAAsolutionandthe analyteextractedfromserin thisanalysiswerematchedtowithin 1% oatheHPLC system. .
I PE — iAnalysisofPOAA standardsndicaestha theprimaryion characteristic ofPOAAismlz =413| amu, corresponding tothmas ofth anionicsurfactant(CFiCOz). Thisonwasmonitored selectivelytomaximizesensitivity. Fragmentation ofthe POAAanion canbeinduced; on 365, haraciiticof
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) decarboxylationproduct,result.Both ions wer:monitoredinmost of the study phaseslistedabove. A
| Scanofm/z=100 01210(aegative only)was alsocollected.

ESMSMS: Confirmationofanalyte identification
| ‘SeveralsamplesinthissetwereanalyzedbyESMSMStoverifytheideatity ofthePFOSanalyte.

ion.ES-MSMSisverysimilarto ESMS, exceptthat it addsanadditional dimeasion of certainty to
compoundidentification. AsinESMS, 2companspecific on isselected.Afesection,th selected

| ionischaracterizedfurtherbysmashing i apartwithhigh energygas. As 8 esultofthesmashing,onic
i fragments,characteristicofthe molecule,arecreatedanddetected. _

Forexample,for PFOS analysis, ion 499isselecteda thecompoundspecific primary on. This
ion issmashedintoother onssuch as 80amu (correspondingtoSO5),99amu (corresponding to FSO),

| 130 amu (corresponding to CF:S05), 180 amu (C,F.SOy), and 230 amu (CFSO5). IfPFOS is prescat
inthesamples, cach ofthesesecondary fragmentsisdetected at thedetector. 3

1 Quality controlsummary:
Whenpossble, ser sampleswereextractedinduplicateandanalyzedinduplicate,Ofen this

wasnotpossible, a samplessze and/ortime were limited. Methanolblanks were analyzedperiodically
tocasurecomple isolation of thesap.Midlevel quality controlsampleswereanalyzedperiodically ©

i througheachanalytical sequence, typically everyfive samples,tomonitorinstrumentstability. Because
humanser without FFOSis notavailble, samples of pooledserapurchased romSigmawerepre-

- extracted,spikedwith astandardconcentration ofFFOS,andro-extracted.Thispre-extractedserais :
| understood 0beverysimilar to the sample matrix.1nallcases PFOSwasevaluatedversusanextracted; ©
| for mostphasesofthsstudy,POAAwasals spikedandextractedto orm astandardcurv.Inthese

cases, quantitationofthesamples is based om thelinear regression equation derived romtheaverage of _
| thetwocurves bracketingthesamples. w

Limit of Quantitation -
“Thecurrentanalytical method hasbeenused to evaluate alargerange Gf PFOS levels extracted,

| fromser;themethod i not optimizedfor preciselow-level.(< 5ppb) quantitation, butinsteadfor :
‘samples withPFOSconcentrationsin the range of 20-60pp. Aspecial, ow-level curve has been :
prepared forprecisequantitative evaluationofPFOSlevelsbetween1-10ppb.AsthePOAAlevels

| Gbservedinnon-plantworkerseraare verylow,infutureanalyss, POAA will be evaluatedagaiosta
special owlevelcurve, similar othtpreparedfo PFOS.

‘Samplesdesignated <LOQ contain essthan10ppbPOAA.Iffurtheraccuracyandprecisionin
| quantitation oftheser samples (samplesles than 10pp) i required,sapswill be re-evaluated

versus aspecial low-level quantitativecurve. cs

Limitof Detection
] “The limi of detection fo thisanalyticalmethodisbasedonanalyst recogaitionofthe distinct

peakshaperesulting from POAA analysis. POAAstandardmaterial ndPOAA extracted from sera ©
analyzedby theconditionsreported her,show nearbaselineresolutionof 1branchedand 1 linearPOAA

| isomer. “Theapex afeach peakintheHPLC-traceoccursat aspecific,reproducible retention time.
Unlike, PFOS, and th ratio ofthebranchedpeak tothelinearpeak isDotnecessarilyconsistent, A
particularlyatlowlevels. POA,whenprescat, seca to bepresentatsuchlowlevels thataccurate :

| Characterizationofthesmaller peak(the branchedisomes)isverydifficult. *

Qualifications:
' “Thisdatawill be considered preliminary nil th analyte extractedfrom thesesamplescanbe
| verified asPOAAusingLC-MSMStechniques anduntil instrumentalsasitivitycanbeoptimized to more

clearly idenifythe analyteresponse.Themethodusedforth analysisofthese sampleshasbeen
validatedbyLC-MSMS previously,but confirmation of POAAforspecificsamples n thiscightphase

i stybasnotbeenperformed. 3
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| Jastramental specifics:
HPLCsystem :
‘Hewett PackardSeries 1100LiquidChromatogragh

l Column:Keysioe BetaslCis
2x 100mm
5umpaniclesize

Flownts: 300 min.
| SoventA:  20mMAmmoniumActaie

SolventB: Methanol
Solvent Gradient: .

] 4510.90%Bin9.50mins.
Fold 2190 4B for3.50mins.
Retumto45 %48in 1.50min.

1 Foldat45%8 for 3.5mins.
Injectionvolume: .10 uL °
Injections/samp: 2

Tw or Ectormassspectrometer
‘MicromassPlatform ITAPIMassSpectromeer, “Chick”

‘MassLynx24Software
| ‘Conevoltages: -20v, 60

Mode: electrospray negative :
Sourcetemperature: 115°C. -

1 ‘Analyzervacuumpressures: 0.000043mBar, 0.000079mBar ‘
. Tons: 369,413;499, 421 Lod

Electrode!crosslow :
| ElecrosprayMSS

‘Micromass Quattro ITAPTMassSpectrometer,“Madeline”
‘MaseLynx 3.1Sofware -

| ‘Conevoltage:20v - -
Colisiongas nergy: 45 V LE
Mode: electrospraynegative £3| Source temperature: © 113°C. 3

| ‘Analyzervacuum presares:0.000043 mBar, 0.000079 mBar
Primary Tom: 413
‘Daughierions:119, 169,369

] Eleciode: Z-spray .
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