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1.0 SUMMARY

Txygen Research cxtracted and analyzed water samples for the determination of
perfluorooctancic acid (PFOA), perfluorobutancsulfonate ~~ (PFBS),
perfluorohexancsulfonate (PFHS), and perfluorooctancsulfonate. (PFOS) according to
Exygen Method 0001780 (Appendix A).

“The limit of quantitation for PFOA, PFBS, PFHS and POS in water was 50 ng/L and the
Limitofdetectionfor PFOA, PRBS, PFHS and PFOS inwater was 25 ng/L.

Analytical results for the analysis of PFOA, PFBS, PFHS and PFOSinwater samples are
‘summarized in Table 1. The overall average percent recoveries standard deviations for
all fortifications of PFOA, PFBS, PFHS and PROS in water samples were 93% + 19,
141% £ 21, 96% £ 15 and 109%+ 32, respectively. The overall averagepercent recovery
+ standard deviation for all fortifications of the surrogate field spike compound, "*C-
PFOA, in water samples was 83% + 21.

2.0 OBJECTIVE

The objective of the analytical part of this study was to determine levels of
perfluorooctancic acid (PFOA), perfluorobutanesulfonate (FBS),
perfluorohexancsulfonste (PFHS), and perfluorooctanesulfonate (PFOS) in water
according to Protocol PO0D1400 (Appendix A).

3.0 INTRODUCTION

This report details the results of the enalysis for the determination of PFOA, PFBS, PFHS
and PFOS in water using the analytical method entitled, “V0001780: Metkod ofAnalysis
forthe DeterminationofPerfluorooctanoic Acid (PFOA) in Water by LC/MS/MS.”

The study was initiated on March 03, 2005, when the study director signed protocol
number PO001400. The analytical star date for this interim report was March 21, 2005,
and the analytical termination dateforthis interim reportwas Apri 21, 2005.

Exygen Research Page 1207110
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4.0 ANALYTICAL TEST SAMPLES

One hundred and twenty-one water samples, which correspond to twenty-nine sample
sites, (Exygen ID C0064404-C0064438,” C0064442-C0064461, C0064467-C0064532)
‘were received at ambient temperature on March 15, 2005 from Tim Frinak 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 willbekept at Exygen Research.

5.0 REFERENCE MATERIAL

‘The analytical standard, PFOA, was purchased from Sigma Aldrich and was received at
Exygen on December 08, 2003. The surrogate spiking standard, “C labeled
perflucrooctancic acid (°C PFOA), was received at Exygen on April 15, 2004 from the
3M Company. The analytical standards, PFBS and 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 ExygenonApril 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.

ompound ~~Exvgen InventoryNo.. Lot # Purity (%) Expiration Date
PFOA SP0003800  231IGHB 97.64 12/08/05
VCPFOA SP0004184 3507-195 97 0329/09
PFBS SP0000252 101 96.7 12/04/06
PFHS SP0002401 SE036 98.6 10/18/06
PFOS SP0002694 430180-1 101.2 04/23/06

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

Exygen Research Page 130f 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 BF FE
‘OHFlrlFPETE E

CPFOA
Chemical Name: 1,2-13C perfluorooctanoic acid

Molecular Weight: 416

Transition Monitored: 415 -» 370

Structure:

0FFF
wll } A

we” Nou
peel]F

PFBS
ChemicalName: Perflsorobutanesuifonate
MolecularWeight: 338 supplied as the potassium salt (C:FsSOyK")
Transitions Monitored: 299 99
Structure:

F Fflr
F 503"

Plt
Flr
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PFHS
Chemical Name: Perfluorohexanesulfonate
Molecular Weight: 438 suppliedasthepotassium salt (C¢F1;S0yK)
Transitions Monitored: 399 —» 80
Structure:

EE
ELE F

F 503
FlerFOE CF

PFOS
Chernical Name: Perfluorooctanesulfonate:
Molecular Weight: 538 supplied as the potassium salt (CoF,SO;K")
Transitions Monitored: 499 —> 80
Structure:

£ £
Fle] EF _ |

F- 503
fle le
FOFF CF

6.0 DESCRIPTION OF ANALYTICAL METHOD

‘The analytical method “V0001780: Method of Avalysis 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 carridge
conditioned with 10 mL of methanol and 5 mL of water. The cluate was discarded.
Approximately five millilitersofmethanol was added to the cartridge. Five milliliters of
eluate was collected into a graduated 15 mL polypropylene centrifuge tube. Each sample
was analyzed by LC/MS/MS electrospray.

Esygen Research Page 1501110
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62 PreparationofStandards and Fortification Solutions

Individual stock standard solutions of PFOA, °C PFOA, PFBS, PFHS and PFOS were
prepared as specified in Exygen method VO001780. The stock standard solutions were
prepared at a concentration of 100 pg/mL by dissolving 10 mgofeach of the standard
(corrected for purity and selt content, if necessary) in methanol. From these solutions,
1.0 pgimL. fortification 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 g/mL. fortification standard and bringing the volume up to 100
mLwith methanol, 0.1 ug/ml fortification standards were prepared. By taking 10mLof
the appropriate 0.1 g/mL fortification standard and bringing the volume up to 100 mL
with methanol, 0.01 g/m, fortification standards were prepared.

Several sets of standards 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 Volumeof Final Conc. of
Solution Volume Fortified Sample Calibration Sid.
(ag/mL)! ul) (mL) (g/L)

0 0 0 0
10 100 “0 25
10 200 4 50
10 400 40 100
100 100 40 250
100 200 40 500
100 400 40 1000

! ofPFOA, "’CPFOA, PFBS, PFHS and PFOS

An additional mixed stock solution of PFOA, "°C PFOA, PBS, PFHS, and PFOS was
prepared at 1000 pgm and diluted to 100 and 10 pg/ml for bottle spiking purposes.
Complete detailscanbe found in the raw data package associated with tis 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 tis interim report.

Exygen Research Page 16 of110
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6.3 Chromatography

Quantification of PFOA, PFBS, PFHS and PFOS was accomplished by LC/MS/MS

electrospray. The retention time of PFOA, PFBS, PFHS and PFOS was ~12 min, ~5

mins, ~11 mins, and ~13 mins, respectively. Peaks above the LOD were not detected in

anyof the reagent blank samples corresponding to the analyte retention time.

6.4 Instrument Sensitivity -

The smallest standard amount injected during the chromatographic run had a

concentration of25 ng/L ofPFOA, PFBS, PFHS and PFOS.

6.5 Description ofLC/MS/MS Instrument and Operating Conditions

Instrument: API 4000 Biomolecular Mass Analyzer
Interface: “Turbo lon Spray Liquid Introduction Interface.

Computer: ~~ DELL OptiPlex GX400

Software: ‘Windows NT, Analyst 1.4.1

HPLC: HewlettPackard (HP) Series 1100
HP Quat Pump
HP Vacuum Degasser
HP Autosampler
HP Column Oven

HPLC Column: Thermo Fluophase RP, 50 mm x 2.1 mm
Column Temp.: 30°C
Injection Vol.: 15 pL.
Mobile Phass (A): 2 mM Ammonium Acetate in water
Mobile Phase (B): Methanol

Time(nin) © %A %B
0.0 65 35
10 65 35

8.0 25 5
100 25 7s
11.0 65 35
180 65 3

Toluntime:~18min
Flow Rate: 03 mLmin

[Exygen Research Page 17 of 110
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Tons monitored:
Approximate

Andivte Mode  Transifion Retention Time
‘Monitored (min)

PFOA negative 413 369 ~12 min.
PFOAConfimlon negative 4135219 ~12min.

13CPFOA negative 415-5370 ~12min.
PFBS negative 299599 ~5 min.
PFHS. negative 399580 ~11 min
PFOS negative 49980 ~13 min

6.6 Quantitation and Example Calculation

Fificen microliters of sample or calibration standard were injected into the LC/MS/MS.
‘The peak area was measured and the standard curve was generated (using 1/x fit weighted
lincar regression) by Analyst software using six concentrations of standrds. The
concentration was determined from the equations below.

Equation | 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;
‘Anslyte 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 amountsof PFOA, PFBS, PHS, PFOS and °C PFOA
prior to extraction, Equation 2 was used to calculate the percent recovery.

‘Equation2:
Recovery (%) =

(analyte found (ng/L) -analyte in control (ng/L) 100%
‘mount added (og)

An example of a calculation using an actual sample and results from the PFOA analysis
follows:

‘Water sample Exygen ID CO064432 Spk F (Set: 032105BR), fortified at 50000 ng/L
with PFOA where:

peak area - ume
intercept = 2600
slope = Bp
dilution factor = 00
ng/L PFOA added (for level) = 50000
amt in corresponding sample (ngL)* = 37600

(¥The primary sample result was used for ll calculations)

Brygen Research Page1806110
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From equation 1:
‘Analyte found (ng/L) = [1170161 = 26200] x 100

1330

= s6012ngLe
From equation 2:

%Recovery = (86012ngL— 37600ng/L) x 100%
50000 ng/L

= 97%
(+valuss are slightly different fom raw data due to rounding)

7.0 EXPE CAL DESIGN

°C PFOA was used as a surrogate for all the samples. °C PFOA was added to the
sample collection bottles in the laboratory before being shipped to the field for sampling.
For samples designated as fiekl matrix spikes, PFBS, PFHS, PFOSand PFOA were also
added at known concentration to the bottles in the laboratory before being shipped to
the field. The samples were filled to a 200 mL volumetric il line in the field.

‘The samples were extracted in five sets. Each set consistedofone reagentblank and two.
reagent blanks fortified at known concentrations. The fist set contained six sample sites,
the second set contained six samples sites, along with a trip blank and two rip blank
spikes. The next two sets contained seven sample sites each. The fifth set contained
three sample sites, along With a second trip blank and two trip blank spikes. For each
site, a sample,a field duplicate 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. For the two laboratory matrix spikes, two 40 mL. portions of
the primary sample collected for the site was poured from the bottle and fortified. Not
only were PFBS, PFHS, PFOS and PFOA added in the 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. into 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 dilutionastheother analytes.

For cachprimary sample collected, between the fieldand lab; seven individual QC results
were reported for ’C PFOA. Some samples gave recoveries for "°C PFOA outsideofthe.
normal acceptance range of 70-130%. Because laboratory control spikes for C PFOA
‘were acceptable in every set, instrument washes were freeof °C PFOA, at least one °C
PFOArecoveryper 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 outside of 70-130% are deemed indicativeofmatrix effects.
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8.0 RESULTS

Analytical results for the analysis of PFOA, PBS, PFHS, and PFOS in water samples are
Summarized in Table§

Fortification recoveries for PFOA, PEBS, PFHS and PFOS in the water samples are
detailed in Tables 11 and II The overall average percent recoveries + standard
deviations for al fortificationsof PFOA, PFBS, PFHS and PFOSin water samples were
93% + 19, 141% = 21, 96% 15 and 109% + 32, respectively. Fortification recoveries
for 'C PFOA in the water samplesare detailed in Table IV. The overall average percent

recovery * standard deviation for all fortifications of "C-PFOA in water samples was
8%=21

9.0 CONCLUSIONS

“The water samples were successfully extracted and analyzed for PBS, PFHS, PFOS and
PFOA accardingto analytical method VO001780. There were no circumstances that may
have affected the data quality or integrity.

10.0 RETENTION OFDATAAND SAMPLES

Al original paper data generated by Exygen Research that petains to this interim report
will be shipped to the sponsor. This does not include facilty-specific raw data such as
instrument or temperature logs. Exact copiesof all raw date, as well a a signed copy of
the interim analytical report and all origina faclit-speific raw data, willberetained in
the Exygen Rescarch archives for the period of (ime 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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Table Ill. Matrix Spike Recovery of PFOS and PFOA in Water
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Interim Report #1-AnalysisofOakdale Water Samples EBxygenStudy No.: PO001400

Table IV. Surrogate Spike Recovery of "C PFOA in Water Samples
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Table IV. Surrogate Spike Recovery of °C PFOA in Water Samples
Continued
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Table IV. Surrogate Spike Recovery of °C PFOA in Water Samples
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Table IV. ' Surrogate Spike Recovery of °C PFOA in Water Samples
Continued
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TableIV. Surrogate Spike Recovery of ’C PFOA in Water Samples
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Table IV. Surrogate Spike Recovery of *C PFOA in Water Samples
Continued
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Figure 1. Typical Calibration Curve for PFOA in Reagent Water

§ oo
£ oul

i |

Fxygen Research Page 4307110

SRO 000066



imi————

Interim Reprt#1-AnalysisofOskdle Water Samples Exysen Stady No: POUOIAD0

Figure 2. Extracted Standards of PFOA in Reagent Water, 25 ng/L

and 50 ng/L, Respectively
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trimReport #1-AnsysisofOnda Water Samples Exygen Sindy No: PO001400

Figare3. PFOA in Reagent Water, 50 ng/L Fortified Reagent Water,
and 500 ng/L Fortified Reagent Water, Respectively
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Note: Alinear lot ofPFOAwasused to calibrate the instrument. The two peaks shown

in Figure 4 are due to different isomers present in environmental samples. The area

counts for all isomers present are included to report one total PFOA value.
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term Report #1-Analysis ofOkdale Water Samples Exygen Study No. POOOI400

Figured.  Chromatogram Representing an Oakdale Water Sample
Analyzed for PFOA, DF=100 (Exygen ID: C0064522, Data
Set: 032405CR)
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InterimReport#1-Analysisof Oskcale Water Samples Exygen Study No. PO0OLA00

Figure5. Typical Calibration Curve for °C PFOA in Reagent Water
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termReport #1-Analysi ofOakdale Water Samples Exygen Study Nos: PO0O1400

Figure 6. Extracted Standards of °C PFOA in Reagent Water, 25
ng/L and 50 ng/L, Respectively
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nein Report #1-AnslyisofOkla Wate Samples ExygenStyNo: POOLOD

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-AnalysisofOsdsle Water Samples Exygen Study No. 001400

Figure8. Chromatogram Representing an Oakdale Water Sample
Analyzed for °C PFOA (Exygen ID: C0064522, Data Set:
032405C)
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Interim Report#1-Analysisof Oskdale Water Samples ‘Exygen Study No. PODO1400

Figure9. Typical Calibration Curve for PBS in Reagent Water
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trimReport #1-Analyss of Oakdale Water Samples Exygen Sudy No: PO00L400

Figure 10. Extracted Standards of PFBS in Reagent Water, 25 ng/L,
and 50 ng/L, Respectively
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trim Report #1-AnalysisofOakesSupe Exygen Study No: POOOL00

Figure 11. PFBS in Reagent Water, 50 ng/L Fortified Reagent Water,
and 500 ng/L Fortified Reagent Water, Respectively
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InterimReport #1-Analyss ofOskdsle Water Samples ExygenStudyNo. PO0OL400

Figure 12. Chromatogram Representing an Oakdale Water Sample
Analyzed for PFBS, DF=100 (Exygen ID: C0064522, Data
Set: 032405CR)
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InterimRept#1-Analysisof OskdsleWatce Samples ExygenSudyNoiPO0DL400

Figure 13. Typical Calibration Curve for PFHS in Reagent Water
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Interiea Report #1-AnalysisofOakdale Weter Samples Exygen Study No. PO0D1400

Figure 14. Extracted StandardsofPFHS in Reagent Water, 25 ng/L.

and 50 ng/L, Respectively
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Toteri Report #1-Ansys ofOskdale Weter Samples Exygen Study No: PU00L00

Figure 15. PHS 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 16. Chromatogram Representing an Oakdale Water Sample
Analyzed for PFHS, DF=100 (Exygen ID: C0064522, Data
Set: 032405CR)
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Inicrim Report #1-AnaysisofOse Water Samples Exon Study No: PO001400

‘Figure 17. Typical Calibration Curve for PFOS in Reagent Water
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Interim Report #1-Analysisof Oakdale Water Samples ‘Exygen Study No.: P0001400

Figure 18. Extracted Standards of PFOS in Reagent Water, 25 ng/L
and 50 ng/L, Respectively
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nei Report #1Analysis ofOseWotr Samples Exygen Study No: PO00L400

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 Report1-Analysis ofOakdale WaterSamples ExygenStudy Noi POO01400

Figure 20. Chromatogram Representing an Oakdale Water Sample
Analyzed for PFOS, DF=100 (Exygen ID: C0064522, Data

Set: 032405CR)
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Intec Report #1-AnslysisofOakdale Water Samples ExygenSudy No: POOI4O0

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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