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QUALITY ASSURANCE STATEMEN
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Sediment, Fish, and Clams Using LC/MS/MS for the 3M Cottage GroveMonitoring
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Research’s Standard Operating Procedures, the Study Protocol, and all applicable Good
Laboratory Practice Standards. All findings were reported to the Exygen Principal

InvestigatorandManagementandtotheStudyDirector.

Date ReportedtoDate Reportedto.
Date Principal Exypen DateReported to

Phase Inspected Investigator ~~ Maagement StudyDirector

1. ProtocolReview 0324/05 03/25/05 03/29/05 05/19/05

2 ExmcinReview  0VM05 02505 03905 05905

3. Raw Data Review
andori 0516105 osnsus  osaos.  osnons
Analytical Report
Review
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Ta Frater Bate
‘Techical Lead, Que Unit

"Note: All inspections will be documented in the QA statement for the final analytical
‘report at the conclusionofthe study.
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1.0 SUMMARY

Exygen Research extracted and analyzed water samples for the determination of
perfluorooctancic acid (PFOA),  perfluotobutancsulfonate (PFS),
perfluorohexanesulfonate (PFHS), and perfiuorooctanesulfonate (PFOS) according to
Exygen Method 001780 (Appendix A).

‘The limit of quantitation for PFOA, PBS, PFHS and PFO in water was 50 ng/L and the
limitofdetection for PFOA, PFBS, PFHS and PFOS in water was 25 ng/L.

Analytical results for the analysis of PFOA, PBS, PFHS and PFOS in water samples are
summarized in Table 1. The overall average percent recoveries standard deviations for
all fortifications of PFOA, PFBS, PFHS and POS in water samples were 93% + 19,
141% £21, 96% £ 15 and 109% * 32, respectively. The overall average percent recovery
+ standard deviation for all fortifications of the surrogate field spike compound, PC-
PFOA, in water samples was §3% + 21.

2.0 OBJECTIVE

The objective of the analytical part of this study was to determine levels of
perfluorooctanoic acid (PFOA), perfluorobutanesulfonate  (PFBS),
perfluorohexanesulfonate (PFE), and _perfluorooctanesulfonate (PFOS) in water
accordingto Protocol PO001400 (Appendix A).

3.0 INTRODUCTION

This report details the results of the analysis for the determination of PFOA, PFBS, PFHS
and POS in water using the analytical method entitled, “V0001780: Method of Analysis
for the Determinationof Perfluorooctanoic Acid (PFOA) in Water by LC/MS/MS.”

The study was initiated on March 03, 2005, when the study director signed protocol
numberPO001400, The analytical start date forthis interim report was March 21, 2005,
and the analytical termination dat for this interim report was April 21, 2005.

Exygen Research, Page1206110
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4.0 ANALYTICALTESTS, ES

One hundred and twenty-one water samples, which correspond to twenty-nine sample
sites, (Exygen ID CO064404-C0064438, CO064442.CO064461, CDO64467-C0064532)
were received at ambient temperature on March 15, 2005 from Tim Frink at Weston
Solutions, Inc. The samples were logged in by Exygen' personnel and placed in
refrigerated storage.

Sample log-in and chain of custody information is located in the raw data package
associated with this interim report. Storage records wilbe kept at Exygen Research.

5.0 REFERENCE MATERIAL

‘The analytical standard, PFOA, was purchased from Sigma Aldrich and was received at
Exygen on December 03, 2003. The sumogate spiking standard, "C labeled
perflucrooctanoic acid (°C PFOA), was received at Exygen on April 15, 2004 from the
3M Company. The analytical standards, PFBS aud PFHS, were supplied by 3M. PFBS
was received from 3M at Exygen on July, 06, 2000. PFHS was received from 3M at
Exygen on January 20, 2003. PFOS was purchased from Fluka Corporation and was
received at Exygen on April 23, 2003.

‘The available information for the reference materials is listed below. PFOA was stored.
ambient. PFBS, PFHS and °C PFOA were stored frozen and PFOS was stored
refrigerated.

Compound Exvgen[nventoryNo.. - Lot# Purity(%) Expiration DatePFOA SP0003800 216HB 97.64 12/08/05
PC PFOA SPO004184 3507-195 97 03129109
PFBS SP0000252 101 96.7 12/0406
PFHS SP0002401 SEO3S 986 10/1806
PFOS SP0002694 401801 1012 04/23/06

‘The molecular structuresofPFOA, "*C PFOA, PFBS, PFHS and PFOS are given on the
following pages:

Exygen Research Poge 13 of 110
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PFOA
Chemical Name: Perfluorooctanoic acid
Molecular Weight: 414
Transitions Monitored: 413 — 369 (for quantification) and

413 > 219(forconfirmation)
Structure:

F F

F F F H
F F F F

BC PFOA
Chemical Name: 1,2-13C perfluorooctanoic acid
Molecular Weight: 416
Transition Monitored: 415 — 370

Structure: :
9FDOU1 ne” Nou

EERE ¥

PFBS
Chemical Name: Perfluorobutancsulfonate

Molecular Weight: 338 supplied as the potassium salt (CFsSOyK")
‘Transitions Monitored: 299 —» 99
Structure:

[3
F E .

F 503

FlrFE

Exygen Research Page 14of 110.
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PFHS
Chemical Name: Perfluorohexanesulfonate
Molecular Weight: 438 supplied as the potassium salt (CgF1;SO5K")
‘Transitions Monitored: 399 — 80
Structure:

F F
F .

F 503°
¢ ¥ F

F F

PFOS
Chemical Name: Perfluorooctancsulfonate
Molecular Weight: 538 supplied as the potassium salt (CyF1;SOyK")
‘Transitions Monitored: 499 —> 80
Structure:

F F
FlFE]FI]F .F 503

7 F F F
F F F

6.0 DESCRIPTION OF ANALYTICAL METHOD

The analytical method “V0001780: Method of Analysis for the Determination of
Perfluorooctanoic Acid (PFOA) in Water by LC/MS/MS” was used for this study.

6.1. Extraction Procedure

A 40 mL aliquot of the water sample was used for the extraction procedure. After
fortification of appropriate samples, the samples were loaded onto a Cis SPE cartridge
conditioned with 10 mL of methanol and 5 mL of water. The eluate was discarded.
Approximately five millilitersof methanol was added to the cartridge. Five milliliters of
cluate was collected into 2 graduated 15mLpolypropylene centrifuge tube. Each sample
was analyzed by LC/MS/MS electrospray.

Bygen Research Page 150110
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6.2 Preparation of Standards and Fortification Solutions

Individual stock standard solutions of PFOA, C PFOA, PFBS, PFHS and PFOS were
prepared as specified in Exygen method V0001780. The stock standard solutions were
prepared at a concentration of 100 pg/mL by dissolving 10 mgofeachofthe standard
(corrected for purity and salt content, ifnecessary) in methanol. From these solutions,
LO ug/ml. forification standard solutions were prepared by taking 1 mL of the
appropriate stock and bringing the volume up to 100 mL with methanol. By taking 10
mLofthe appropriate 1.0 pg/mL. fortification standard and bringin the volume upto 100
mLwithmethanol, 0.1 pg/mL fortificationstandards were prepared. By taking 10mL of
the appropriate 0.1 pg/mL fortification standard and bringing the volume up to 100 mL
with methanol, 0.01 g/ml. fortification standards were prepared.
Several sets ofstandards containing PFOA, °C PFOA, PFBS, PFHS and PFOS were
prepared in water and processed through the extraction procedure, identical to samples.
‘The following concentrations were prepared:

Conc.of Fort Fort Volume of Final Conc. of
Solution Volume Fortified Sample Calibration Std.
(ng/mL) WL) (mL) (ag)

0 0 “0 0
10 100 “0 25
10 200 “0 50
10 400 40 100
100 100 0 250
100 200 “0 500
100 400 40 1000

! of PFOA, VC PFOA, PFBS, PHS and PFOS

An additional mixed stock solution of PFOA, °C PFOA, PFBS, PFHS, and PFOS was
prepered. at 1000 pg/mL and diluted to 100 and 10 pg/mL for bottle spiking purposes.
‘Completedetailscanbefoundin therawdatapackage associated with this study.

The stock standard solution and al fortification and calibration standard solutions were
stored in a refrigerator (4° + 2°C) when not in use. Documentation of standard
preparation is located in the raw data package associated with this interim report.

Exygen Research Page 16.0£110 j
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63 Chromatography

Quantification of PFOA, PFBS, PFHS and PFOS was accomplished by LOMSIMS
electrospray. The retention time of PFOA, PFBS, PHS and PFOS was ~12 min, ~5
mins, ~11 mins, aod ~13 mins, respectively. Peaks above the LOD were not detected in
anyofthe reagent blarik samples corresponding to the analyte retention time.

6.4 Instrument Sensitivity

The smallest standard amount injected during the chromatographic run had a
concentrationof25 ng/LofPFOA, PFBS, PFHS and PFOS.

6.5 Description of LC/MS/MS Instrument and Operating Conditions
Instrument: API4000 Biomolecular Mess Analyzer
Interface: Turbo lon Spray Liquid Introduction Interface
Computer: DELL OptiPlex GX400
Software: Windows NT, Amalyst 14.1
HPLC: Hewlett Packard (HP) Series 1100

HP Quat Pump.
HP Vacuum Degasser
HP Autosampler
HP Column Oven

HPLCColumn:ThermoFluophaseRP, 50mam 2.1 mm
Column Temp.: 30°C
Injection Vol.: 15 uL
MobilePhase (A): 2mM Ammonium Acetate in water
Mobile Phase (B): Methanol

Time(min)  %A %B
00 65 35
10 65 35
80 25 7s
100 25 7
110 65 35
180 65 35

Total run time: ~18min
Flow Rate: 0.3 mL/min

ExygenResearch Page 170f 110
Shep

Tr 000040



Interim Report #1-AnalyssofOskcle Water Samples Exygen Study No. POOI00

Lons monitored:
Approximate

Analyte Mode Transition Retention Time
Monitored (min)

PFOA negative 413369 ~12 min.
PFOA Confirmlon negative 413-5219 ~12 min.

13CPFOA negative 4155370 ~12 min
PFBS negative 29999 ~5 min.

PFHS negative 399-580 ~11 min
PFOS negative 49980 ~13 min.

6.6 Quantitation and Example Calculation

Fifteen microliters of sample or calibration standard were injected into the LC/MS/MS.
“Thepeakareawas measuredand thestandard curve wasgenerated(using 1x it weighted
linear regression) by Analyst software using six concentrations of standards. The
concentration was determined from the equations below.

Equation 1 calculated the amountofanalyte found (in ng/L, based on peak area) using the
standard curve (linear regression parameters) generated by the Analyst software program.

Equation1:
Analyte found(ng/L) =(Peak area -intercept)x DF

slope
Where: DF = Dilution Factor, factor by which the final volume was diluted, ifnecessary.

For samples fortified with known amounts of PFOA, PFBS, PFHS, PFOS and "’C PFOA
prior to extraction, Equation 2 was used to calculate the percent recovery.

Equation 2:
Recovery (4) =

{analytefound (ng/L) - analyteincontrol(ng/L) x100%
‘amount added (ng/L)

An example ofa calculation using an actual sample and resuls from the PFOA analysis
follows:

‘Water sample Exygen ID C0064432 Spk F (Set: 03210SBR), fortified at 50000 nL
with PFOA where:

peak area = uel
intercept = 26200
slope = 1
dilution factor = 0
ng/L PFOA added (fort level) = 50000
amt in corresponding sample (ng/L)* = 37600

(*The primary sample result was used for all calculations)

Bxygen Research Page 180£110
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From equation 1:
Analyte found (ng/L) = [1170161=26200] x 100

1330

= 86012ngL*
From equation 2:

%Recovery = (86012ng/L—376000g/L) x100%
50000mg/L

= 97%
(+values are slightly differeat from raw ata due to rounding)

7.0 EXPERIMENTALDESIGN

3C PFOA was used as a surrogate for all the samples. °C PFOA was added to the
sample collection bottles in thelaboratorybeforebeing shipped to the fieldfor sampling.
For samples designated as field matrix spikes, PFBS, PFHS, PFOS and PFOA were also
addeda & known concentration to the bottles in the laboratory before being shipped to
the field. The sampleswere filled to 2 200mLvolumetric fill lineinthefield.

The samples were extracted in five sets. Each set consistedof onereagentblank and two
reagent blanks fortified at known concentrations. The first set contained six sample sites,
the second set contained six samples sites, along with a tip blank and two trip blank
spikes. The next two sets contained seven sample sites cach. The fifth set contained
three sample sites, along with a second trip blank and two trip blank spikes. For cach
sit, 2 sample, a fieldduplicate and two-matrix field spikes were collected. For each site,
a laboratory duplicate of the primary sample was extracted and two laboratory matrix
spikes were also extracted. Forthe two laboratory marix spikes, two40 mL portions of
the primary sample collected for the site was poured from the botile and fortified. Not

onlywere PFBS, PFHS, PROS and PFOA added inthe laboratory prior to extraction, but
also °C PFOA was added. The additional "’C PFOA was added because the levels of
PFBS, PFHS, PFOS and PFOA spiked. ino the samples were known to exceed the
calibration ranges and were not analyzed without dilution; therefore, °C PFOA levels
were adjusted to require the same dilution as the other analytes.

For cach primary sample collected, between the field and lab; seven individual QC results
‘were reported for "C PFOA. Some samples gave recoveries for "°C PFOA outsideofthe
‘normal acceptance rangeof70-130%. Because laboratory control spikes for ’C PFOA
‘were acceptable in every set, instrument washes were fice of °C PFOA, at least one °C
PFOA recovery per the seven done for the sample was acceptable and no evident errors in
spiking or extracting could be found, no re-extractions were performed. °C PFOA
recoveries outsideof 70-130% are deemed indicative of matrix effect.

Exygen Research Page 19. 110
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8.0 RESULTS

Analytical results for the analysis of PFOA, PFBS, PFHS, and PFOS in water samples are
summarized in Table I

Fortification recoveries for PFOA, PFBS, PFHS and PFOS in the water samples are
detailed in Tables II and WI The overall average percent recoveries + standard
deviations for all fortifications of PFOA, PFBS, PFHS and PFOS in water samples were.
93% £ 19, 141% £ 21, 96% = 15 and 109% £ 32, respectively. Fortification recoveries
for *C PFOA in the watersamplesare detailed in Table IV. The overall average percent
recovery + standard deviation for all fortifications of "C-PFOA in water samples was
83%=21.

9.0 CONCLUSIONS

“The water samples were successfully extracted and analyzedfor PFBS, PFHS, PFOS and
PFOA accordingto analytical method 0001780. There were no circumstances that may
have affected the data quality or integrity.

10.0 RETENTION OFDATAANDSAMPLES

Al original paper data generated by Exygen Research that pertain to this interim report
will be shipped to the sponsor. This does not include facility-specific raw data such as
instrumentortemperature logs. Exact copiesofall raw dats, as well as asignedcopyof
the interim analytical report and all original facilit-specific raw data, wil be retained in
the Exygen Research archives for the period of time specified in EPA TSCA Good
Laboratory Practice Standards 40 CFR 792.
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Tablel. Summary of PFBS, PFHS, PFOS and PFOA in Water
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Interim Report #1-Analysis ofOakdale Water Samples. ExygenStudy No.: P0001400

TableIL. Matrix Spike Recovery of PFBS and PFHS in Water
Samples
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Table Il. Matrix Spike Recovery of PFBS and PFHS in Water
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Interim Report #1-AralysisofOskéale Water Samples. Exygen Study No. P0001400

Table II. Matrix Spike Recovery of PFBS and PFHS in Water

Samples Continued
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Table Il. Matrix Spike Recovery ofPFBS and PFHS in Water

Samples Continued
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Table Il. Matrix Spike Recovery of PFBS and PFHS in Water

Samples Continued
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InterimReport #1-AnalysisofOakdale WaterSamples ExygenStudy No.: P0001400

Table Il. Matrix Spike RecoveryofPFBS and PFHS in Water

‘Samples Continued
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Interim Report #1-AnalysisofOakdale Water Samples ‘Exygen Study No.: PO001400.

‘Table ITL. Matrix Spike Recovery of PFOS and PFOA in Water

Samples
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Interim Report#1-AnalysisofOakdale WaterSamples ExygenStudyNo.:PO001400

Table ITI. Matrix Spike Recovery of PFOS and PFOA in Water
Samples Continued
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Interim Report #1-AnalysisofOakdale Water Samples ExygenStudyNo.: P0001400

Table IIL. Matrix Spike Recovery ofPFOS and PFOA in Water

Samples Continued
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InterimReport#1-AnalysisofOakdale Water Samples ExygenStudy No.: PO001400

Table IIL Matrix Spike Recovery of PFOS and PFOA in Water
Samples Continued
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InterimReport#1-AnalysisofOakdale Water Samples Exygen Study No.: P0001400

Table III. Matrix Spike Recovery of PFOS and PFOA in Water
Samples Continued
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Interim Report #1-AnalysisofOakdale Water Samples Exygen Study No.: P0001400

Table IIL. Matrix Spike Recovery of PFOS and PFOA in Water

Samples Continued
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InterimRept#1-Analysis ofOakdaleWaterSamples BeysenStudyNo: POOOL400

Table IV. Surrogate Spike Recovery of *C PFOA in Water Samples
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InterimReport#1-Analysis ofOskdsleWaterSamples Exygen StudyNo. POO1400

Table IV. Surrogate Spike Recovery of “C PFOA in Water Samples
Continued
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Interim Report #1-Anlysis ofOakdale Wate Samples Exygen Study No.: POOL

Table IV. Surrogate Spike Recovery of °C PFOA in Water Samples
Continued
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Interim Report #1-Analysis ofOakdale Water Samples Exygen Study No.: PO001400

Table IV. Surrogate Spike Recovery of °C PFOA in Water Samples
Continued
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IneriraReport #1-Analysisof Oskdale Water Samples ExygenStudyNo. POOO1400

TableIV. Surrogate Spike Recovery of "C PFOA in Water Samples
Continued
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Interim Report #1-Analysisof Oakdale Water Samples Exygen Study No.: P0001400

Table IV. Surrogate Spike Recovery of °C PFOA in Water Samples
Continued
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Interim Report #1-Analysisof Oskdsle Water Samples Exygen Study No: PO0DI00

Figure I. Typical Calibration Curve for PFOA in Reagent Water
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Interim Report #1-AnalysisofOskdale Water Samples ‘Exygen Study No.: P0001400

Figure2. Extracted Standards of PFOA in Reagent ‘Water, 25 ng/L

and 50 ng/L, Respectively
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InterimReport 1Acsyss ofOsi Water Sales Exygen Study Nos FUOLAO0

Figure3. PFOA in Reagent Water, 50 ng/L Fortified Reagent Water,
and 500 ng/L Fortified Reagent Water, Respectively
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Note: A linear lot ofPFOA was used to calibrate the instrument. The two peaks shown
in Figure4 are due to different isomerspresentin environmental samples. Thearea
‘counts for all isomers presentare included to reportonetotal PFOA value.
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Ioteim Report #1-Analysisof Olale Water Sap Exygen Sudy No: POOOI00

Figured.  Chromatogram Representing an Oakdale Water Sample
Analyzed for PFOA, DF=100 (Exygen ID: C0064522, Data
Set: 032405CR)
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InterimReport#1 Analysis ofOlle Water Samples Exygen Study No.; POOO1400

Figure 5. Typical Calibration Curve for °C PFOA in Reagent Water
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Interim Report #1-AnalysisofOakdale Water Samples Exygen Study No.: P0001400

Figure 6. Extracted Standards of °C PFOA in Reagent Water, 25
ng/L 2nd 50 ng/L, Respectively
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Interim Report#1 Analysis of Oskdale Water Samples Exygen Sudy No. Poo01400

Figure 7. C PFOA in Reagent Water, 50 ng/L Fortified Reagent
Water, and 500 ng/L Fortified Reagent Water, Respectively
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Interim Report #1-AnalysisofOakdale Water Samples ‘Exygen Study No: PO001400

Figure. Chromatogram Representing an Oakdale Water Sample
Analyzed for °C PFOA (Exygen ID: C0064522, Data Set:

032405C)
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InterimReport#1-AnalysisofOakdale Water Samples. ExygenStudy No.:P0001400.

Figure. Typical Calibration Curve for PFBS in Reagent Water
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Interim Report #1-Analysis ofOakdale Water Samples ExygenStudy No.: PO001400

Figure 10. Extracted Standards of PFBS in Reagent Water, 25 ng/L
and 50 ng/L, Respectively
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neiReport #1.Analysisof Osksle Wits Spl Exygen Study NosPUOOL400

Figure 11. PFBS in Reagent Water, 50 ng/L Fortified Reagent Water,
and 500 ng/L. Fortified Reagent Water, Respectively
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Interim Report #1-AnalysisofOskdale Wate Samples ExeStudy No: POOOL400

Figure 12. Chromatogram Representing an Oakdale Water Sample
Analyzed for PFBS, DF=100 (Exygen ID: C0064522, Data

Set: 032405CR)
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InterimReport #1-Analysis ofOakdale Water Samples ExygenStudyNo.: P0001400

Figure 13. Typical Calibration Curve for PFHS in Reagent Water«rere em————————
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Interim Report 1-AnalyssofOakdale Water Sales Exysen StudyNo:POODI400

Figure 14. Extracted Standards of PFHS in Reagent ‘Water, 25 ng/L

and 50 ng/L, Respectively
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Interim Report #1-Anelysis of Oakdale Water Samples ‘Exygen Study No. P0001400

Figure 15. PFHS in Reagent Water, 50 ng/L Fortified Reagent Water,
and 500 ng/L Fortified Reagent Water, Respectively
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Interim Report #1-Analysis of Oakdale Water Samples Exygen Study No.: P0001400

Figure 16. Chromatogram Representing an Oakdale Water Sample
Analyzed for PFHS, DF=100 (Exygen ID: C0064522, Data
Set: 032405CR)

BSRRRoe

s :
fo

i :

Exygen Research Page S801 110

Pa 000081



-

InterimReport#1-AnalyssofOkdaleWater Samples Exygen Study No. P000L400

Figure 17. Typical Calibration Curve for PFOS in Reagent Water
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Inter Report #1-AzalysisofOkla Water Sumples Exygen Study No: PO001400

Figure 18. Extracted Standards of PFOS in Reagent Water, 25 ng/L
and 50 ng/L, Respectively
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InterimReport#1-AnalysisofOakdale Water Samples. Exygen Study No.: PO001400

Figure 19. PFOS in Reagent Water, 50 ng/L Fortified Reagent Water,and 500 ng/L Fortified Reagent Water, Respectively
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Interim Report #1-Analysisof Oskdale Water Samples ‘Exygen Study Noi: 0001400

Figure 20. Chromatogram Representing an Oakdale Water Sample
Analyzed for PFOS, DF=100 (Exygen ID: C0064522, Data
Set: 032405CR)
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neiRepart#1 Analysis of Oakdale Water Samples ExyienStudy Nos PO0O1400

APPENDIX A
Study Protocol

P0001400
(Exygen Study No. P0001400) with

Analytical Method: V0001780:“Method of
Analysis for the Determination of

Perfluorooctanoic Acid (PFOA) in Water
by LC/MS/MS”
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