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Company, is being performed in compliance with EPA TSCA Good Laboratory Practice
Standards 40 CFR 792 by Exygen Research.
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QUALITY ASSURANCE STATEMENT

Exygen Research’s Quality Assurance Unit reviewed Exygen Study Number P0001131,
entitled, “Analysis of Perfluorobutanesulfonate (PFBS), Perfluorohexanesulfonate
(PFHS), and Perfluorooctanesulfonate (PFOS) in Water, Soil, Sediment, Fish, Clams,
Vegetation, Small Mammal Liver and Small Mammal Serum Using LC/MS/MS for the
3M Decatur Monitoring Program”. All reviewed phases’' were inspected for conduct
according to Exygen Research’s Standard Operating Procedures, the Study Protocol, and
all applicable Good Laboratory Practice Standards. All findings were reported to the
Exygen Principal Investigator and Management and to the Study Director.

Date Reported to Date Reported to

Date Principal Exygen Date Reported to
Phase Inspected Investigator Management Study Director
45. Interim Report and
Raw Data Review 12/28, 29/06 01/09/07 01/09/07 01/09/07

Oj dua M offu) o /J o7
Lydia Shatffr “M Date '
Technical Fead, Quality Ass ce Unit

'Note: All in-lab inspections will be documented in the QA statement for the final
analytical report at the conclusion of the study. This QA statement involves only the
review of the interim report and associated raw data.
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1.0 SUMMARY

Exygen Research extracted and analyzed groundwater samples for the determination of
perfluorobutanesulfonate (PFBS), perfluorohexanesulfonate (PFHS), and
perfluorooctanesulfonate (PFOS) according to Exygen Method V0001780 (Appendix A).

The limit of quantitation (LOQ) for PFBS, PFHS and PFOS in ground water was 25 ng/L.

Analytical results for the analysis of PFBS, PFHS and PFOS found in groundwater
samples are summarized in Table I. Due to quality control failures, PFBS results for two
samples are not reported (NR). Fortification recoveries for PFBS, PFHS and PFOS in the
groundwater samples are detailed in Table II. The average percent recoveries * standard
deviations for PFBS, PFHS, PFOS in the groundwater samples were 102 + 4%, 100 £
10%, and 103 £ 7%, respectively.

2.0 OBJECTIVE

The objective of the analytical part of this study was to determine levels of
perfluorobutanesulfonate (PFBS), perfluorohexanesulfonate (PFHS), and
perfluorooctanesulfonate (PFOS) in ground water according to Protocol P0001131
(Appendix A).

3.0 INTRODUCTION

This report details the results of the analysis for the determination of PFBS, PFHS, and
PFOS in groundwater using the analytical methods entitled, “V0001780: Method of

Analysis for the Determination of Perfluorooctanoic Acid (PFOA) in Water by
LC/MS/MS.”

The study was initiated on November 05, 2004, when the study director signed protocol
number P0O001131. The analytical start date for this interim report was November 24,
2006, and the analytical termination date for this interim report was December 6, 2006.

4.0 ANALYTICAL TEST SAMPLES

Eleven groundwater samples (Exygen ID C0222023 — C0222033) were received on wet
ice on November 21, 2006 from Tim Frinak at Weston Solutions, Inc. Eight groundwater
samples represented two groundwater sampling sites and associated field quality control
samples. Three water samples represented one trip blank and two trip blank spikes. All
samples were logged in by Exygen personnel and placed in refrigerated storage.
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Sample log-in and chain of custody information is located in the raw data package
associated with this interim report. Storage records will be kept at Exygen Research.

5.0 REFERENCE MATERIAL

The analytical standards, PFBS (SP0008058) and PFHS (SP0008057), were supplied by
3M. PFBS (SP0008058) was received from 3M at Exygen on September 6, 2006. PFHS
(SP0008057) was received from 3M at Exygen on September 5, 2006. The analytical
standard PFOS (SP0002694) was purchased from Fluka Corporation and was received at
Exygen on April 23, 2003.

The available information for the reference materials is listed below. PFBS and PFHS
were stored frozen and PFOS was stored refrigerated.

Compound  Exygen Inventory No. Lot # Purity (%) Expiration Date
PFBS SP0008058 2 97.3 01/17/07
PFHS SP0008057 NB-120067-69 98.6 10/18/07
PFOS SP0002694 430180-1 101.2 10/31/07

The molecular structures of PFBS, PFHS and PFOS are given below:

PFBS
Chemical Name: Perfluorobutanesulfonate
Molecular Weight: 338 supplied as the potassium salt (C4FoSO3;K")
Transitions Monitored: 299 — 99
Structure:

PFHS
Chemical Name: Perfluorohexanesulfonate
Molecular Weight: 438 supplied as the potassium salt (CéF13S03K")
Transitions Monitored: 399 — 80
Structure:
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PFOS
Chemical Name: Perfluorooctanesulfonate
Molecular Weight: 538 supplied as the potassium salt (CgF 1780;:K)
Transitions Monitored: 499 — 80
Structure:

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 the groundwater
samples in 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 milliliters of methanol 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.

6.2 Preparation of Standards and Fortification Solutions

A mixed stock standard solution of PFBS, PFHS and PFOS was prepared as specified in
Exygen method V0001780. The stock standard solution was prepared at a concentration
of 10,000 pg/mL by dissolving 1.0 g of each of the standards (corrected for purity and salt
content, if necessary) in methanol. From these solutions, a 1000 pg/mL fortification
standard solution was prepared by taking 10 mL of each stock and bringing the volume
up to 100 mL with acetonitrile. By taking 10 mL of the 1000 pg/mL fortification
standard and bringing the volume up to 100 mL with acetonitrile, a 100 pg/mL
fortification standard was prepared. By taking 10 mL of the 100 pg/mL fortification
standard and bringing the volume up to 100 mL with acetonitrile, a 10 pg/mL
fortification standard was prepared. By taking 10 mL of the 10 pg/mL fortification
standard and bringing the volume up to 100 mL with acetonitrile, a 1.0 pg/mL
fortification standard was prepared. By taking 10 mL of the 1.0 pg/mL fortification
standard and bringing the volume up to 100 mL with acetonitrile, a 0.1 pg/mL
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fortification standard was prepared. By taking 10 mL of the 0.1 pg/mL fortification
standard and bringing the volume up to 100 mL with acetonitrile, a 0.01 pg/mL
fortification standard was prepared.

A set of standards containing 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)’ (uL) (mL) (ng/L)

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

! of PFBS, PFHS and PFOS

The stock standard solution and all 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.

6.3 Chromatography
Quantification of PFBS, PFHS and PFOS was accomplished by LC/MS/MS electrospray.
The retention times of PFBS, PFHS and PFOS were ~0.5 mins, ~8.5 mins, and ~11.1

mins, respectively. Peaks above the LOQ were not detected in any of 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 of 25 ng/L of PFBS, PFHS and PFOS.

6.5 Description of LC/MS/MS Instrument and Operating Conditions

Instrument:  API 4000 Biomolecular Mass Analyzer
Interface: Turbo Ion Spray Liquid Introduction Interface
Computer:  DELL OptiPlex GX400

Software: Windows NT, Analyst 1.4.1
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HPLC: Hewlett Packard (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 Phase (A): 2 mM Ammonium Acetate in water
Mobile Phase (B): Methanol

Time (min) % A %B
0.0 65 35
1.0 65 35
8.0 25 75 )
10.0 25 75
11.0 65 35
18.0 65 35

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

Approximate
Analyte Mode Transition Retention Time
Monitored (min)
PFBS negative 299 —» 99 ~0.5 min.
PFHS negative 399 - 80 ~8.5 min.
PFOS negative 499 — 80 ~11.1 min.

6.6 Quantitation and Example Calculation

Fifteen 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
linear regression) by Analyst software using seven concentrations of standards. The
concentration was determined from the following equations.

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

Equation 1:
Analyte found (ng/L) = (Peak area - intercept) x DF

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

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

Equation 2:
Recovery (%) =

(analyte found (ng/L) - analyte in control (ng/L)) x100%
amount added (ng/L)

An example of a calculation using an actual sample follows (calculation is for PFHS
only):

Ground water sample Exygen ID: C0222023 Spk C (Set: 112406C), fortified at 250"
ng/L with PFHS where:

peak area = 51377
intercept = 0.000296
slope = 154
dilution factor = 1

ng/L PFHS added (fort level) = 250

]

amt in corresponding sample 75.5 (Set: 112406C)

From equation 1:
Analyte found (ng/L)

i

[51377 — 0.000296] x 1
154

= 334nglL

From equation 2:
% Recovery

i

(334 ng/L — 75.5 ng/L) x 100%
250 ng/L

= 103 %

NOTE: Numbers may differ slightly from raw data due to rounding.
7.0 EXPERIMENTAL DESIGN

For samples designated as field matrix spikes, PFBS, PFHS, and PFOS were added at a
known concentration to the bottles in the laboratory before being shipped to the field.
The samples were filled to a 200 mL volumetric fill line in the field.
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The samples were extracted in one set. The set included one reagent blank, two reagent
blanks fortified at known concentrations. The set also contained two sample sites and the
field blank and the field blank spikes collected for the groundwater samples. For each
site, a sample, a field duplicate and two-matrix field spikes were collected. For each site,
a laboratory duplicate and two laboratory matrix spikes were also extracted.

8.0 RESULTS

Analytical results and assessed accuracies for the analysis of PFBS, PFHS and PFOS
found in groundwater samples are summarized in Table I. Accuracies were assessed for
each sample by reviewing the individual quality control results obtained for each sample
site. In most cases, there were two laboratory and two field spike recovery results
available for each sample site that were used to assess the accuracy. In instances of failed
laboratory or field spikes, recoveries associated with other spikes were used to assess
sample accuracy. Quantitative results were obtained for all samples and analytes except
for PFBS in two groundwater samples that are not reported (NR) due to quality control
failures.

Fortification recoveries for PFBS, PFHS, and PFOS in groundwater samples are detailed
in Table II. The average percent recoveries * standard deviations for PFBS, PFHS,
PFOS in ground water samples were 102+4%, 100+10%, and 103+7%, respectively.

9.0 CONCLUSIONS

Except as noted above, the groundwater samples were successfully extracted and
analyzed for PFBS, PFHS and PFOS according to analytical method V0001780.

10.0 RETENTION OF DATA AND SAMPLES

All original paper data generated by Exygen Research that pertains to this interim report
will be shipped to the study director. This does not include facility-specific raw data such
as instrument or temperature logs. Exact copies of all raw data, as well as a signed copy
of the final analytical report and all original facility-specific raw data, will 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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TABLES
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Table I. Summary of PFBS, PFHS and PFOS in Groundwater

Samples

C4 Sulfonate PFBS C6 Sulfonate PFHS C8 Sulfonate PFOS

Perfluorobutanesutfonate Perfluorochexanesulfonate Perfluorooctanesulfonate

Analyte Assessed Analyte Assessed Analyte Assessed

Client Found Accuracy Found Accuracy Found Accuracy

Exygen 1D Sample ID (ng/L) (+/- %) {ng/L) (+/- %) (ng/L) (+/- %)

C0222023 DAL-GW-RESW01-0-061117 NR - 75.5 30 602 30
C0222023 Rep | DAL-GW-RESWO01-0-061117* NR - 83.3 30 604 30
C0222024 DAL-GW-RESWO01-DB-061117 NR - 83.3 30 611 30
C0222027 DAL-GW-RESW02-0-061117 NR - 764 30 9270 30
C0222027 Rep | DAL-GW-RESW02-0-061117* NR - 754 30 7540 30
C0222028 DAL-GW-RESW02-DB-061117 NR - 778 30 10800 30
C0222031 DAL-GW-TRIP-0-061117 ND 30 ND 30 ND 30

*Laboratory Duplicate
ND = Not detected at or above the Limit of Quantitation (LOQ) of 25 ng/L..
NR = Not reported due to quality control failures.
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Table II. Matrix Spike Recovery of PFBS, PFHS and PFOS in
Groundwater Samples

C4 Sulfonate PFBS C6 Sulfonate PFHS €8 Sulfonate PFOS
A t]{ Amt Found Amount Amt Found Amount Amt Found Amount
Sample Spiked | In Sample Recovered Recovery| in Sampie Recovered Recovery| in Sample Recovered Recovery
Description (nﬂL! ‘nﬂILl (nﬂLl {%) (nsIL) (n!IL! !%l ‘ng/L! (gﬂL! (%)
DAL-GW-RESW01-0-061117
(0222023 Spk C, 250 ng/L Lab Spike) 250 NR NR NR 755 335 104 NR NR NR
DAL-GW-RESW01-0-061117
(€0222028 Spk D, 5000 ng/l. Lab Spike) 5000 NR NR NR 75.5 4940 97 602 5850 105
DAL-GW-RESWO01-.8-061117
(C0222028, 0.25 ppb Fleld Spike) 250 NR NR NR 75.5 374 119 NR NR NR
DAL-GW-RESWO01-HS-061117
(C0222028, 5 ppb Fleld Spike) 5000 NR NR NR 75.5 4790 94 602 6040 109
DAL-GW-RESW02-0-061117
(C0222027 Spk E, 280 ng/L Lab Spike) 250 NR NR NR 764 920 * 9270 10900 *
DAL-GW-RESW02-0-061117
{€0222027 Spk F, 5000 ngit_ Lab Spike) 5000 NR NR NR 764 5240 90 9270 14300 101
DAL-GW-RESW02-..5-061117
(0222029, 0.25 ppb Field Spike) 250 NR NR NR 764 969 > 9270 7660 .
DAL-GW-RESW02-HS-0681117
{C0222030, 5 ppb Field Splke) 5000 NR NR NR 764 5130 87 9270 13800 91
DAL-GW-TRIP-LS-061117
(0222032, 0.25 ppb Fleld Spike) 250 ND 247 99 ND 264 106 ND 260 104
DAL-GW-TRIP-HS-061117
(0222033, 5 ppb Fleld Spike) 5000 ND 5210 104 ND 5040 101 ND 5410 108
Average: 102 Average: 100 Average: 103
Standard Deviation: 4 Standard Deviation: 10 Standard Deviation: 7

*Sample residue exceeds the spiking level significantly; therefore, an accurate recovery value cannot be calculated

ND = Not detected at or above the Limit of Quantitation (LOQ) of 25 ng/L.

NR = Not reported due to quality control fallures.

Nots: Since this summary table shows rounded resuits, recovery values may vary slightly from the vaiues in the raw data,
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Figure 1. Typical Extracted Calibration Curve for PFBS
in Reagent Water

B 142406CR P760-1131 Water Res rav2.rdb (PFBS): "Linear* Regression ("1 / X' weighting): y = 86.1 x + 357 (r = 0.9925)
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Figure 2,
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Figure 3. PFBS in Reagent Water, 50 ng/L Fortified Reagent Spk A,
and 500 ng/L Fortified Reagent Spk B, Respectively
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Figure4. Chromatogram Representing a Groundwater Sample
Analyzed for PFBS (Exygen ID: C0222027, Data Set:
112406C)

' C0222027 - PFBS (Unknown) 299.0/99.0 amu - sample 24 of 34 from 112d06Cwiet
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FigureS. Typical Extracted Calibration Curve for PFHS
in Reagent Water

W 112408C P780-1131 Water Res.rdb (PFHS): "Linear” Regression (1 /¢ weighting): y = 154 x + 0.0002G8 (r = 0.0004)

Area, counts
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Extracted Standards of PFHS in Reagent Water, 0 ng/L

Figure 6.
and 25 ng/L, Respectively
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Figure 7. PFHS in Reagent Water, 50 ng/L Fortified Reagent Spk A,
and 500 ng/L Fortified Reagent Spk B, Respectively
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Figure 8. Chromatogram Representing a Groundwater Sample
Analyzed for PFHS (Exygen ID: C0222027, Data Set:
112406C)
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Figure 9. Typical Extracted Calibration Curve for PFOS
in Reagent Water

B 412408C P700-1131 Water Res.rdb (PFOS): "Linear” Regression ("1 /' waighting): y = 122 x + -4.83¢-005 (r = 0.0007)
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Figure 10. Extracted Standards of PFOS in Reagent Water, 0 ng/L
and 25 ng/L, Respectively
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Figure 11. PFOS in Reagent Water, 50 ng/L Fortified Reagent Spk A,
and 500 ng/L Fortified Reagent Spk B, Respectively
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deak not found)
a 0.37
- 100
=
®
c
2 0 v Y T v v T v T ¥ r T T T ' T v v
= 1 2 3 49 § e 7 8 ] 0 11 12 13 14 145 1© 17
e ... Time, min - "
Reagent Spk A - PFOS (QC)480.0/80.0 amu - sample 10 of 34 from 112400C.wiff
Area: 6030 counts Height: 3.21¢+002 cps RT: 11.1 min
a 11.11
o
% | 10.082
c
a 0 T v T T Y T T T T T T v T v -
£ 1 2 3 4 5 8 7 8 [°] 0 11 12 13 14 15 106 17
Reagent Spk B - PFOS (QC)480.0/80.0 amu - sample 11 of 34 from 112408C.wiff
Area: 61200 counts Height: 3.28e+003 cps RT: 11.1 min
e 11.10
[*)
£ l 10.82.,
=
2 o T v r v r r v T r T v r T T —
= 1 2 3 4q 5 a 7 8 Q 0 11 12 13 14 15 18 17

Time, min

Exygen Research Page 32 0f 118



Interim Report #26 — Analysis of Groundwater Samples Exygen Study No.: P0001131

Figure 12. Chromatogram Representing a Groundwater Sample
Analyzed for PFOS (Exygen ID: C0222023, Data Set:
112406C)
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APPENDIX A

Study Protocol
P0001131
(Exygen Study No. P0001131) with
Analytical Methods,
Protocol Amendments,
and Deviations
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Exygen Protocol Number: P0001131

STUDY PROTOCOL

Study Title:

Analysis of Perfluorobutanesulfonate (PFBS),
Perfluorohexanesulfonate (PFHS), and
Perfluorooctanesulfonate (PFOS) in Water, Soil, Sediment,
Fish, Clams, Vegetation, Small Mammal Liver and Small
Mammal Serum Using LC/MS/MS for the 3M Decatur
Monitoring Program

Exygen Protocol Number: P0001131

Performing Laboratory: Sponsor Representative:
Exygen Research Michael A. Santoro

3058 Research Drive Director of Regulatory Affairs
State College, PA 16801 3M Building 0236-01-B-10
Phone: (814) 272-1039 St. Paul, MN 55144

Phone: (651) 733-6374
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Exygen Protocol Number: P0001131

A—_—
DISTRIBUTION:
1) Jaisimha Kesari, Study Director, Weston Solutions
2) John M. Flaherty, Principal Investigator, Exygen Research
3) Michael A. Santoro, Sponsor Representative, 3M Company
4) Exygen Research Quality Assurance Unit
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Exygen Protocol Number: PO001131

~ PROTOCOL APPROVAL

Study Title: Analysis of Perfluorobutanesulfonate (PFBS), Perfluorohexanesulfonate
(PFHS), and Perfluorooctanesulfonate (PFOS) in Water, Soil, Sediment,
Fish, Clams, Vegetation, Small Mammal Livers and Small Mammal Serum
Using LC/MS/MS for the 3M Decatur Monitoring Program

Exygen Protocol Number: P0001131
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Exygen Protocol Number: P0001131

~— INTRODUCTION

The purpose of this study is to perform analysis for perfluorobutanesulfonate
(PFBS), perfluorohexanesulfonate (PFHS) and perfluorooctanesulfonate
(PFOS) in water, soil, sediment, fish, clams, vegetation, small mammal livers
and small mammal serum using LC/MS/MS for the 3M Decatur Monitoring
Program.

The study will be audited for compliance with EPA TSCA Good Laboratory
Practice Standards 40 CFR 792 by the Quality Assurance Unit of Exygen
Research.

TEST MATERIALS

The test materials are perfluorobutanesulfonate (PFBS),
perfluorohexanesulfonate (PFHS) and perfluorooctanesulfonate (PFOS) and
are all supplied by 3M.

PFBS
Chemical Name: Perfluorobutanesulfonate
~ Molecular Weight: 338 supplied as the potassium salt (C4FsSO;K")
Lot Number: 101
Purity: 96.7%
Transitions Monitored: 299 —» 99
Structure:

PFHS
Chemical Name: Perfluorohexanesulfonate
Molecular Weight: 438 supplied as the potassium salt (C¢F;3S0;K")
Lot Number: SE036
Purity: 98.6%
Transitions Monitored: 399 — 80
Structure:

Page 5 of 65
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P PFOS
Chemical Name: Perfluorooctanesulfonate
Molecular Weight: 538 supplied as the potassium salt (CsF1780:K")
Lot Number: 217
Purity: 86.9%
Transitions Monitored: 499 — 99
Structure:

OBJECTIVE

The purpose of this study is to perform analysis for perfluorobutanesulfonate

(PFBS), perfluorohexanesulfonate (PFHS) and perfluorooctancsulfonate

(PFOS) in water, soil, sediment, fish, clams, vegetation, small mammal livers

and small mammal serum for the 3M Decatur Monitoring Program using the
— current versions of the following Exygen analytical methods:

V0001780: “Method of Analysis for the Determination of Perfluorooctanoic
Acid (PFOA) in Water by LC/MS/MS™

V0001781: “Method of Analysis for the Determination of Perfluorooctanoic
Acid (PFOA) in Soil by LC/MS/MS”

V0001782: “Method of Analysis for the Determination of Perfluorooctanoic
Acid (PFOA) in Sediment by LC/MS/MS”

V0001783: “Method of Analysis for the Determination of Perfluorooctanoic
Acid (PFOA) in Fish and Clams by LC/MS/MS”

V0001784: “Method of Analysis for the Determination of Perfluorooctanoic
Acid (PFOA) in Vegetation by LC/MS/MS”

V0001785: *“Method of Analysis for the Determination of Perfluorooctanoic
Acid (PFOA) in Small Mammal Liver by LC/MS/MS”

- 'V0001786: “Method of Analysis for the Determination of Perfluorooctanoic

Acid (PFOA) in Small Mammal Serum by LC/MS/MS™

TESTING FACILITY

Exygen Research

3058 Research Drive
~ State College, PA 16801

Phone: (814) 272-1039

Page 6 of 65
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-— STUDY DIRECTOR

Jaisimha Kesari P.E., DEE
Weston Solutions, Inc.

1400 Weston Way

West Chester, PA 19380
Phone: (610) 701-3761

Fax: (610) 701-7401
j-kesari@westonsolutions.com

SPONSOR REPRESENTATIVE

Michael A. Santoro

3M Company

Director of Regulatory Affairs
3M Building 0236-01-B-10
St. Paul, MN 55144

Phone: (651) 733-6374

PRINCFPAL INVESTIGATOR

John M, Flaherty

Exygen Research

3058 Research Drive

State College, PA 16801
Phone: (814) 272-1039
john.flaherty@exygen.com

Exygen Study No.: P0001131

Exygen Protocol Number: P0001131

PROPOSED EXPERIMENTAL START AND TERMINATION

DATES

It is proposed that the analytical portion of this study be conducted from
Qctober 01, 2004 to December 31, 2005. The actual experimental start and

termination dates will be included in the final report.

Exygen Research

Page 7 of 65
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Exygen Protoco! Number: P0001131

~ IDENTIFICATION AND JUSTIFICATION OF THE TEST SYSTEM

The following are the test systems for this study:
Water (groundwater and surface water)
Soil

Sediment

Fish

Clams

Vegetation

Small Mammal Liver

Small Mammal Serum

® & & 0 ¢ & 0 o

The samples will be collected by Weston Solutions. The control samples will
be purchased and prepared by the testing facility. Purchase and processing
details for the control samples will be included in the final report associated
with this study.

The test systems were chosen to access the environmental impact of PFBS,
PFHS and PFOS in the Decatur, Alabama area.

— SAMPLE PROCUREMENT, RECEIPT AND RETENTION

Water, soil, sediment, fish, clam, vegetation, small mammal liver and small
mammal serum samples will be received at Exygen directly from Weston
Solutions. The details of sample procurement for this study are outlined in the
3M work plan entitled “Phase 2 Work Plan for Sampling Environmental
Media.” The number and types of samples collected will vary depending
availability in the field. The total number of samples received and analyzed
for each matrix will be documented in the final report associated with this
study.

Water, soil, and sediment samples will be used as received without further
processing at Exygen. These samples will be stored refrigerated at 2°C-8°C.
Fish, clam, vegetation and small mammal liver samples will be processed
according to the appropriate analytical method (see Appendix I). These
samples will be stored frozen at £ -10°C. Small mammal whole blood
samples will be centrifuged in the field at the time of collection and the serum
fraction will be used for the study. Small mammal serum will be stored

frozen at £ -10°C.

The receipt and processing of the samples will be documented in the final
-~ report and raw data associated with the study.

Page 8 of 65
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Exygen Protocol Number: PO001131

~ SAMPLE IDENTIFICATION

Prior to analysis, each sample will be assigned a laboratory sample reference
number. The reference number will be unique and will distinguish each
Iaboratory sample that is processed throughout the analytical procedure.
Chromatographic data will be identified by the laboratory sample reference
number.

Sample storage conditions and locations will be documented throughout the
study.

ANALYTICAL PROCEDURE SUMMARY

References:

V0001780: “Method of Analysis for the Determination of Perfluorooctanoic
Acid (PFOA) in Water by LC/MS/MS”

V0001781: “Method of Analysis for the Determination of Perfluorooctanoic
Acid (PFOA) in Soil by LC/MS/MS”

V0001782: “Method of Analysis for the Determination of Perfluorooctanoic

— Acid (PFOA) in Sediment by LC/MS/MS”

V0001783: “Method of Analysis for the Determination of Perfluorooctanoic
Acid (PFOA) in Fish and Clams by LC/MS/MS”

V0001784: “Method of Analysis for the Determination of Perfluorooctanoic
Acid (PFOA) in Vegetation by LC/MS/MS”

V0001785: “Method of Analysis for the Determination of Perfluorooctanoic
Acid (PFOA) in Small Mammal Liver by LC/MS/MS"

V0001786: “Method of Analysis for the Determination of Perfluorooctanoic
Acid (PFOA) in Small Mammal Serum by LC/MS/MS”

The above methods use analytical conditions capable of separating the
isomers of PFBS, PFHS and PFOS. The final report will include the isomers
summed into total PFBS, total PFHS, and total PFOS found.

VERIFICATION OF ANALYTICAL PROCEPURE

A laboratory control sample will be used for the preparation of fortified
control samples. The test substance will be made into solutions as per the
method, and added to the matrices via a micropipette.

For water sampling, Exygen will supply one bottle per sample collected. The
—_ bottles will be 500 mL precleaned Sci/Spec Premier wide mouth HDPE
bottles. These bottles have been routinely used for fluorochemical sample

Page 9 of 65
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o~ collection at the testing facility and have been shown to be free of PFBS,
PFHS and PFOS. Samples will be added to each container to a volumetric fill
line at 200 mL. A field duplicate, a low field spike and a high field spike of
each sample will be collected. The low and high field spike bottles will
contain PFBS, PFHS and PFOS as well as perfluorooctanoic acid (PFOA) and
1.2-13C perfluorooctanoic acid ("°C PFOA). PFOA and '>C PFOA arc
included in the solutions used to spike the samples. The results for PFOA and
13C PFOA will not be reported in this study. Exygen will supply one field
blank (control water) and two field blank spikes (control water fortified with
PFBS, PFHS and PFOS at a low and high level) for every twenty samples
collected. At the testing facility, each water sample (excluding field
duplicates and field spikes) will be extracted in duplicate and will also be
fortified at a low and high concentration with PFBS, PFHS and PFOS and
processed through the described procedure to determine method accuracy and
to check for bias.

For soil, sediment, clams, and vegetation, Exygen will supply one 500 mL
precleaned Sci/Spec Premier wide mouth HDPE bottle per sample collected or
a zip-seal bag. All containers/bags used for sample collection will be shipped
to the sample location. Samples will be added to each container or bag in the
field. At the testing facility, each sample will be extracted in duplicate and
will also be fortified at a known concentration with PFBS, PFHS and PFOS at

~ both a low and high level and processed through the described procedure to
determine method accuracy and to check for bias.

For small mammal liver, Exygen will supply a 50 mL polypropylene
centrifuge tube. For small mammal serum, Exygen will supply a collection kit
for each sample containing serum separator tubes (red top), vacutainers,
needle holders and needles, transfer pipettes, and polypropylene tubes. At the
testing facility, each liver and serum sample will be extracted in duplicate and
will also be fortified at a known concentration with PFBS, PFHS and PFOS at
both a low and high level and processed through the described procedure to
determine method accuracy and to check for bias.

Low and high spiking levels for each matrix are defined below:

Matrix Low Spiking Level High Spiking Level

Water 500 ng/L 5000 ng/L
Soil 4ng/g 40ng/g
Sediment 4ng/g 40 ng/g

Fish 10ng/g 100 ng/g

Clams 10 ng/g 100 ng/g
Vegetation 10 ng/g 100 ng/g
Small Mammal Liver 10 ng/g 100 ng/g

Small Mammal Serum 10 ng/mL 100 ng/mL

~
Page 10 of 65
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~ Recoveries are anticipated to be between 70% and 130% of the fortified
levels; however, the exact precision and accuracy will be determined by the
analysis of the quality control samples described above. A statement of
accuracy will be included in the final report.

METHOD FOR CONTROL OF BIAS

Control of bias will be addressed by taking representative sub-samples from a
homogeneous mixture of each matrix from untreated control samples, and by
analyzing at least two levels of fortifications.

STATISTICAL METHODS

Statistics will be limited to those specified in the subject methods and to the
calculation of average recoveries, as applicable.

GLP STATEMENT

All aspects of this study shall be performed and reported in compliance with
EPA TSCA Good Laboratory Practice Standards 40 CFR 792. The final
report or data package (supplied to the Sponsor) shall contain a statement that
the study was conducted in compliance with current and applicable GLP
standards and will outline any deviations in the study from those standards.
This statement will be signed by the Study Director and Sponsor
Representative.

REPORT

A final report will be prepared by the principal investigator or their designee
at the conclusion of the study. The report will include, but will not be limited
to, the following:

e The name and adkiress of the Study Director, Sponsor Representative, and
of the testing facility.

o A statement of GLP compliance (any related documentation, such as
chain-of-custody records, must be in the study records).
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— o The signed and dated statement by the Exygen Research Quality
Assurance Unit regarding dates of study inspections and dates findings
were reported to the Study Director and Management.

o A description of the exact analytical conditions employed in the study. If
the subject method was followed exactly, it is necessary to include only a
copy of the analytical method. Any modifications to this method will be
incorporated into the report. If the method is photo-reduced, the project
number and page number must be included on each page.

o Description of the instrumentation used and operating conditions.

o All results from all sets analyzed. Control and fortified samples will be
identified and the data table will include sample number and fortification
level.

¢ Representative chromatograms for cach analyte in each matrix, including
chromatograms of a standard and a control sample, and a chromatogram at
a fortification level. The location of the analyte peaks will be clearly
identified in all chromatograms.

e All circumstances that may have affected the quality or integrity of the
- data will be documented in the report.

o Locations where raw data and the final report are to be archived.

o Additions or cotrections to the final report shall be in the form of an
amendment signed by the Study Director. The amendment shall clearly
identify that part of the report that is being altered and the reasons for the
alterations. The amendment will be signed and dated by the Study
Director and the Sponsor Representative.

¢ All applicable requirements for reporting of study results as per 40 CFR
792.185.

SAFETY AND HEALTH

e Laboratory personnel will practice good sanitation and health habits.

o Every reasonable precaution shall be taken to prevent inadvertent
exposure of personnel and the environment to the test or reference

substance(s).
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~
AMENDMENTS TO PROTOCOL
All significant changes to the analytical protocol outlined here will be
expressed in writing, signed and dated by the Study Director and Sponsor
Representative. Amendments usually will be issued prior to initiation of study
plan change. However, when a change is required without sufficient time for
the issue of a written amendment, that change may be effected verbally with
supporting documentation signed and dated by the Study Director and
followed with a written amendment as soon as possible. In this case, the
effective date of the written amendment will be the date of the documented
change. Copies of the signed amendments will be appended to all distributed
study plan copies. The original amendment will be maintained with the
original study plan. Any deviations from the study plan or from the analytical
method as provided will be documented and reported promptly to the Sponsor
Representative.
DATA RECORD KEEPING

— Records to be maintained include the following (as appropriate):
o Sample tracking sheet(s)
e Sample reccipt records, storage history, and chains of custody
o History and preparation of standards (stock, fortification, calibration)
e Description of any modifications to the method
o Instrument run sheets, bench-sheets or logs
o Analytical data tables
o  All chromatographic and instrumental conditions
¢ Sample extraction and analysis dates
o A complete listing of study personnel, signatures and initials
o Chronological presentation of all study correspondence
e Any other documentation necessary for the reconstruction of the study
Chromatograms- All chromatograms will contain the following:
* Sample identification, injection date, arrow or other indication of the area

of interest, and injection number corresponding to the run.
o Additionally, fortifications will include the amount of analyte added and
the sample number of the sample that was fortified.
- e Analytical standard chromatograms will additionally include the

concentration (e.g., ug/mL).
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o As part of the documentation the following sheets will be included in each
analytical set: a run sheet listing the samples to be run in the set, and an
instrument conditions sheet describing the instrument type and operating
conditions.

QUALITY ASSURANCE

The QA Unit of Exygen Research will inspect the study at intervals adequate
to assure compliance with GLP’s, and will report the findings of audits to the
Study Director, Exygen Management, and the Sponsor Representative.

RETENTION OF PATA AND ARCHIVING

All hard copy raw data, including, but not limited to, the original
chromatograms, worksheets, correspondence, and results shall be included
with the data package submitted to the Study Director. These will be archived
with the original study plan, amendments, final report, and all pertinent
information from the Sponsor.

The testing facility shall keep all electronic raw data and any instrument,
equipment, and storage logs for the period of time specified in 40 CFR
792.195. An exact copy of the materials submitted to the study director will
also be kept at Exygen Research.

Exygen will obtain permission from the study director before discarding or
returning samples.
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APPENDIX I

ANALYTICAL METHODS

V0001780: “Method of Analysis for the Determination of Perfluorooctanoic
Acid (PFOA) in Water by LC/MS/MS™

V0001781: “Method of Analysis for the Determination of Perfluorooctanoic
Acid (PFOA) in Soil by LC/MS/MS”

V0001782: “Method of Analysis for the Determination of Perfluorooctanoic
Acid (PFOA) in Sediment by LC/MS/MS”

V0001783: “Method of Analysis for the Determination of Perfluorooctanoic
Acid (PFOA) in Fish and Clams by LC/MS/MS”

—~ V0001784: “Method of Analysis for the Determination of Perfluorooctanoic

Acid (PFOA) in Vegetation by LC/MS/MS”

V0001785: “Method of Analysis for the Determination of Perfluorooctanoic
Acid (PFOA) in Small Mammal Liver by LC/MS/MS”

V0001786: “Method of Analysis for the Determination of Perfluorooctanoic
Acid (PFOA) in Small Mammal Serum by LC/MS/MS”
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ANALYTICAL METHOD
Mothod Number: V0001780
Method of Analysis for the Determination of Perfluorooctanoic Acid (PFOA) in Water
by LC/MS/MS
Analytical Testing Facility: Exygen Research
3058 Research Drive
State College, PA 16801
Approved By:
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Paul Connoily Date
Technical Leader, LC-MS, Exygen Research
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Tohn Fishety /" Date
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.ﬁ
Exyges Resosrch Method Number V0001780
i ANALYTICAL METHOD
Mothod of Analysis for the D: ination of Porfl ic Acid (PFOA) in Water by
LC/MS/MS
10 Scope
This method is to be employed for the isolation and quamtitation of perfluorooctanoic
acid by High Performance Liquid Chromatography coupled to a tandem Mass
Spectrometric Detector (LC/MS/MS) in water.
20  Safety
2.1 Always observe safe lsboratory practices.
22 Consult the appropriste MSDS before handling any chemical for proper safety
precautions.
3.0  Sample Requirement
3.1 Atleast 40 mL of test sample for extraction.
32 Nosample processing is needod for water samples.
33  Sumples stored refrigerated should be allowed to equilibrate 10 room
temperature.
3.4 Al samples must be umwghly mixed before bemz umpled for extraction.
3.5  Any samples containing particles should be d at ~3000 rpm for ~5
minutes and the supernatant used for the extraction.
3.6  Sample collection procedures will be specified in the szmpling plan for this
project.
40  Reagents and Standards
~ 41  Water~ HPLC grade
42  Methanol - HPLC grade
43  Ammonium Acetate - A.C.S. Reagent Grade
44  Perfluorooctsnoic Acid - Sigma-Aldrich
50  Instrument and Equipment
51 A hl;h petﬁxmme hqmd chromatograph capabls of pumping up to 2
quipp isble volume injector capable of injecting 5-200
umw-mmsmmacmsm&
5.2 A dovice to collect raw data for peak integration and quantitation.
5.3 Analytical balance capable of reading to 0.00001 g.
54 50 mL dispossble polypropylene centrifuge tubes.
5.5 15 mL dispossble polypropylene contrifuge tubes.
3.6  Disposable micropipets (50-100ul, 100-200uL).
3.7  125-mL LDPE namrow-mouth bottles.
58  2mL clear HPLC vial kit.
5.9  Disposable pipettes.
5.0  Autopipettos (100-1000 uL and 10-100 pL), with dispossble tips.
5.1  Waters Sep Pak Vac 6 cc (1g) tC18 SPE cartridges.
Page 2 0f ?
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—~
Exygen Revesrch Mathod Number V0001 780
ANALYTICAL METHOD
Method of Anslysis for the Deternination of Perfluorooctanoic Acid (PFOA) in Water by
LC/MS/MS
5,12 SPE vacuum manifold.
5.13  Centrifuge capable of spinning 50 mL polypropylene tubes at 3000 rpm.
6.0  Chromstographic System
6.1  Analytical Column: Fluophase RP (Keystone Scientific), 2.1 mm x 50 mm, Sp
(P/N: 82503-052130)
62  Temperature: 30°C
6.3  Mobile Phase (A): 2 mM Ammonium Acetate in Water
64  Mobile Phase (B): Methanol
6.5  Gradient Program:
Flow Rate
Time (min) %A %B i
0.0 65 35 03
1.0 65 35 03
8.0 25 75 0.3
200 25 k] 03
225 65 35 0.3
6.6 Injection Volume: 15 pL (can be increased to as much as 50 pL).
6.7  Quantitation: Peak Area - external standard calibration curve.
68  RunTime: ~ 23 minutes.
—~ The shove conditions are intended as a guide and may be changed in order to
optimize the HPLC system.
70  MS/MS System
7.1 Mode: Electrospray Negative MBRM mode, monitoring 413 —» 369 avz.
The sbove conditions are intended as & guide and may be changed in order to
optimize the MSMS system.
8.0  Preparation of Solutions
8.1  Mobile Phasa
8.1.1 2 mM ammonium acetate in water is prepared by adding 0.154 g of
ammonium acetate to 1000 mL of water.
Altemnate volunes may be prepared.
Page ot
ﬁ
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Exygen Research ) Method Number V0001730
[ ANALYTICAL METHOD — _ 1
Method of Analysis for the Determination of Perflucrooctanoic Acid (PFOA) in Water by
LC/MS/MS
9.0  Standard Preparation
9.1  Standard Stock/Fartification Solution

9.1.1 Prepare a stock solution of ~100 pug/mL of PROA by weighing 10 myg
of snalytical standard (corrected for purity) and dilute to 100 mL with
methanol in & 125-mL LDPE bottle.

9.1.2 A 10 ug/ml fortification sohstion of PFOA is prepared by bringing 10
mL of the 100 pg/mL solution to & final volume of 100 with methano!
inn 125 mL LDPE bottle.

9.1.3 A 1.0 pg/mL fortification solution of PFOA is prepared by bringing 10
mL of the 10 ug/mL solution to a finel volume of 100 with methanol in
2125 mL LDPE bottle.

9.1.4 A0 pg/mL fortification solution of PFOA is prepared by bringing 10
mL of the 1.0 pg/mL solution to a final volume of 100 with methanol in
8125 mL LDPE bottle.

9.1.5 A 0.01 ug/mL fortification solution of PFOA is prepared by bringing
10 mL of the 0.1 pg/mL solution to a final volume of 100 with
methano! in & 125 mL LDPE botile.

9.1.6 The stock and fortification solutions are to be stored in a refrigerator at
approximately 4°C and are stable for a maximum period of 6 months
from the date of preparation.

9.2  Standard Calibration Solutions
— 9.2.1 LC/MS/MS calibration standards are prepared in HPLC water. The
calibration standards are i d through ion proced;
identical to samples.

9.22 The following is a typical example: additiona! concentrations may be

propared as needed.
Final
Concentration Fortificstion  Volumoof ~ Conosntration of  Calibestion
of Fortification  Volume  Fortified Control Calibration Standard D
Solution (ppb) le (ml) Standard ¢ le
[) 0 40 [) XCmmddyy-0
10 100 40 25 XCmumddyy-1
10 200 L] 50 XCmmddyy-2
10 400 4 100 XCrmmaddyy-3
100 100 40 %50 XCmmddyy-+
100 00 40 500 XCmmddyy-$
100 400 4 1000 XCmmddyy-6
* The extracted concoentration of the calibration standard is equal to 8x its initial
concentration, due to the concentration of the standard during the extraction (SPE).
XC = extracted calibration standard.
Pagedol”
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L ANALYTICAL METHOD —
‘Method of Analysis for the Determination of Perfluorooctanoic Acid (PFOA) in Waler by
LOMS/MS

923 A zero standard solution (reagent blank) must be prepared with each
set of standards extracted.

9.2.4 Store all extracted calibeation standards in 15-mL polypropylene tubes
31 2°C to 6°C, up 1o two weeks.

9.2.5 Altemate volumes and concentrations of standards may be prepared as
noeded.

100 Baich Set Up

10.1 Exch batch of samples extracted (typically 20 or less) must include at least
one reagent control (method blank using HPLC water) and two reapent
controls fortified at known concentrations (lab control spike} to ventv
procedural recovery for the batch.

102 Requirements for field and laboratory duplicates and spikes will be specified
in the quality assurance plan for this project.

110 Sample Extraction

11.1  Measure 40 mL of sample or a portion of sample diluted to 40 mL with water

';ii-m 50 mL polypropylene centrifuge tubes (fortify as neoded, replace lid and
x well).

11.2  Condition the C;3 SPE cartridges (! g, 6 mL) by passing 10 mL methanoi
followed by 5 mL of HPLC water (~ 2 drop/sec). Do not let column run dry

11.3 Load sample on conditioned C)y SPE cartridge. Discard eluate.

P 11.4 Elute with ~5 mL 100% methanol. Collect 5 mL of eluate into graduated

15 mL polypropylene centrifuge tubes (final volume = 5 mL).

11.5  Analyze samples using electrospray LC/MS/MS.

120 Chromatography

12.1  Inject the same amount of each standard, ssmple and fostified sample into the
LC/MS/MS system. A calibration standard must precede and follow ail

analyzed samples.
12.2  Standards of PFOA ponding to at least five or more concentration levels
must be included in an snalyticsl set.

123  An eatire set of extracted calibration standards must bo included a1 the
beginning snd at the end of a samplo set. Extracted standards must be

P every 5-10 samples. As an ive, an entire set of
extracted calibration ds may be injected at the beginning of a set
lowed b d calibration dards i d every $-10 samples

(to account for s second set of extracted standards). In either case, extracted
calibration standards muat be the first and last injection in a sample sel.

12.4 Use linear standard curves for quantitation. Linesr standard curves are
geonerated for the snalyte by linoar regression using 1/x weighting of peak area

Page 5 of 7
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Exygesa Ressarch Method Number V0001780
ANALYTICAL DETHOD - )
Method of Analysis for the Determination of Perfluorooctsnoic Acid (PFOA) in Water by
LCMS/MS

versus calibration standard concentration using MassLynx 3.3 (or equivatent)
software system.

12.5 Sample response should mot exceed dard Any ssmples that
excood standard responses should be Mﬂwdxlumdmdmulyud

13.0  Acceptance Criteria

131 Chromatogram must show a peak of & daughter jon &t 369 amu from a parent
of 413 amu. The 413 amu parent corresponds to the PFOA anion, while the
daughter ion (369 amu) represents the loss of carbon dioxide.

13.2  Mothod blanks must not contain PFOA at levels greater than the LOQ. If a
blank contains PFOA at levels greator than 50 ng/L, then a new blank sample
must be obtainod and the entire set must be re-extracted.

13.3  Recoveries of control spikes snd matrix spikes must be between 70-130% of
their known values, If a control spike falls outside the acceptable limits, the
entire sct of les should be d. Any matrix spike outside 70-
130% should be evaluated by the analyst to determine if re-extesclion is
‘watranted.

13.4  Any calibration standard found to be 2 muc&l outlier by using the Huge
Emor Test, may be excluded from the ion of the calibration curve.
However, the total number of d calibration dards that couid be
excluded must not exceod 20% of the total number of extracted standards
injected.

o~ 13.5 The correlation coefficient (R) for calibration curves generated must be
20,992 (R’ 20.985). If calibration results fall outside these limits, then
appropriate steps must be taken to adjust instrument operstion, and the
standards or the relevant set of samples should be reanalyzed.

13.6 Retention times between standards and samples must not drift more thun
1 4 % within an analytical run. If retention time drift excoeds this limit within
an analytical run then the set must be reanalyzed.

140 Calculations

14.1  Use the followi l the of PFOA found (in ng/L.
based on peak m) using the ulndmi curve (linear regression paramelers)
generated by the Mass Lynx software program:

PPFOA found (ng/L) = (Peak area - intercept) x DF
slope

DF = factor by which the final volume was diluted, if necessary.
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ANALYTICAL METHOD — 1
Method of Analysis for the Determination of Perflucrooctanoic Acid (PFOA) in Water by
LCMS/MS )
142  For samples fortified with known amounts of PFOA prior to extraction, use
the following oquation to calculsts the percent recovary.
Recovary (%) =
[total anatyte found (ng/L) - analyte found in control (ng/L)] | o0
analyte added (ng/L)
o~
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ANALYTICAL METHOD |
Method of Analysis for the Determination of Perfluorooctanoic Acid (PFOA) in Soil by
LC/MSMS
1.0  Scope
This method is to be employed for llu isolation and quanmmm of perfluorooctanoic
acid by High Perf graphy pled to & tandem Mass
Spectrometric Detector (LC/MS/MS) in lml.
20 Safety
2.1 Always observe safe Isboratory practices.
2.2 Consult the appropriste MSDS before handling say chemical for proper safety
procautions.
30  Sample Roquirement
3.1 Atlesst 15 g of test sample for extraction.
3.2  Nosample processing is nooded for soil samples.
3.3  Samples stored refrigerated should be allowed to equilibrate 1o room
temperature.
3.4 All samples must be thoroughly mixed before being sampled for extraction.
3.5  Sample collecti durcs will be specified in the ling plan for this
project.
40  Reagents and Standarda
41  Water— HPLC grade
42  Methanol - HPLC grade
_— 43  Ammonium Acetate - A_C.S. Reagent Grade
44  Perflucrooctanoic Acid — Sigma-Aldrich
50  Instrument and Equipment
5.1 A high p«famme liquld chromatograph capable of pumpmg up to 2
riable volume injector capable of injecting 5-200
L connocted fo lundem Mass Spectrometer (LC/MS/MS).
5.2 Adevice to collect raw data for peak integration and quantisation.
53 Anslytical balance capable of reading to 0.00001 g.
54 50 mL disposable polypropyleno centrifuge tubes.
5.5 15 mL dispossblo polypropylene centrifuge tubes.
5.6  Disposable micropipets (S0-100uL, 100-200ul).
$.7  125-mL LDPE narrow-mouth bottles.
58  2mL clear HPLC vial kit.
3.9  Disposabie pipettes.
5.10  Autopipottes (100-1000 uL and 10~100 pL), with disposable tips.
511  Waters Sep Pak Vac 6 cc (1g) tC18 SPE cartridges.
$.12  SPE vacuum manifold.
5.13  Ultrasonic bath.
Page20f?
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ANALYTICAL METHOD
Method of Analysis for the Determination of Perfluorooctanoic Acid (PFOA) in Soil by
LC/MS/MS
5.14  Wrist-action shaker.
5.15  Centrifuge capsble of spinning 50 mL polypropylene tubes at 5000 rpm.
6.0  Chromatographic System
6.1  Analytical Column: Fluophase RP (Keystone Scientific), 2.1 mm x 50 mm, Sp
(P/N: £2505-052130)
6.2  Temperature: 30°C
6.3  Mobile Phase (A): 2 mM Ammonium Acetate in Water
64  Mobile Phase (B):  Methanol
6.5  Gradient Program:
Flow Rate
0.0 [ 35 0.3
1.0 65 35 0.3
8.0 25 75 03
20.0 25 75 03
25 65 33 03
6.6 Injection Volume: 15 uL (can be increased to as much as 50 pL).
6.7 Quantitation: Peak Area — external standard calibration curve.
6.8  RunTime: ~ 23 minutes.
~—~ The above conditions are imended ss & guide and may be changed in order to
optimize the HPLC system.
70  MS/MS System
7.1  Mode: Blectrospray Negative MRM mode, monitoring 413 — 369 m/z for
PFOA.,
The above conditions are intended as & guide and may be changed in order to
optimize the MSMS system.
8.0  Prepanstion of Solutions
8.1  Mobile Phase
8.1.1 2 mM ammonium acetate in water is prepared by adding 0.154 g of
ammonium acetate to 1000 mL of water.
Altcrnate volumes may be prepared.
Pagedof 7
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ANALYTICAL METHOD
Method of Analysis for the Determination of Perfluorooctanoic Acid (PFOA) in Soil by
LC/MSMS
9.0  Standard Preparation
9.1  Standard Stock/Fortification Solution

9.1.1 Prepare a stock solution of ~100 pg/mL of PFOA by weighing 10 my
ofuulyﬁul standard (corrocted for purity) and dilute to 100 mL with
methanol in » 125-mL LDPE botile.

9.1.2 A 10 ug/mL fortification solution of PFOA is prepared by b g 10
ml of the 100 pg/mL solution to & final volume of 100 with methanal
in 8 125 mL LDPE bottle.

9.1.3 A 1.0 pg/mL fortification solution of PFOA is prepared by bringing 10
mL of the 10 ug/mL solution to a final volume  of 100 with methanol in
8 125 mL LDPE bottle.

9.1.4 AO0.1 pg/mL fortification solution of PFOA is prepared by bringing 10
mL of ghe 1.0 pg/mL solution to a fina! volume of 100 with methanol in
# 125 mL LDPE bottle.

9.1.5 A 00! pg/mL fortification solution of PFOA is prepared by bringing
10 mL of the 0.1 pg/mL solution to a final volume of 100 with
methanol in a 125 mL LDPE battle.

9.1.6 The stock snd fortificstion solutions are 1o be stored in a refrigerator at
spproximately 4°C and are stable for & maximum period of 6 months
from the date of preparation.

9.2  Standard Calibration Solutions
-~ 9.2.1 wusmswmmw.mmm-nmwmm The
calibeation standards are p gh the p
identical to samples,
922 The following is a typical example: additional concentrations may be
prepared as needed.
Final
Concentrstion  Fortificstion  Volume of Concentrationof  Calibration
of Fortificstion ~ Volume  Fortified Controt  Calibration Standard ID
Solution L ml Standard * example

0 0 40 0 XCmmddyy-0

10 100 40 25 XCmmddyy-1

10 200 40 50 XCmmddyy-2

10 400 40 100 XCmmddyy-3

100 100 40 250 XCmmddyy-4
100 200 40 500 XCmmddyy-3
100 400 1000 XCmmddyy-6
*The oxtracted ooncentration of the ulﬂ:rlaon standard is equal to 8x its initial
m, due to the ion of the dard during the extraction (SPE).
XC = extracted calibration standard.
Page 4 of 7
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| ANALYTICAL METHOD — |
Method of Analysis for the Determination of Perflucrooctanoic Acid (PFOA) in Soil by
LC/MS/MS )

9.2.3 A zoro standard solution (reagent blank) must be prepared with each
set of standards extracted.

9.2.4 Store all extracted calibration standards in 15-mL polypropylene tubes
at 2°C to 6°C, up to two weeks.

9.2.5 Aleenate vol and jons of standards may be prepared as
noodod.

10.0 Batch Set Up

10.1  Each batch of samples extracted (typically 20 or less) must include at least
one reagent coatrol {method blank using § mL of methanol) and two reagent
coutrols fortified at known concentrations (lab control spike} to venify
procedural recovery for the batch.

10.2 Requirements for field and Iaboratory duplicates and spikes will be specified
in the quality assurance plan for this project.

11.0  Sample Extraction

1.1 Weigh § g of sample into 50 mL, polypropylens centrifuge tubes (fortify us
needed, replace lid xnd mix well),

112 Add 5 mL of methanol and shake on a wrist action shaker for ~) 5 minutes.

11.3  Transfer the tubes 10 an ul jic bath and soni for ~1$ mil

114 Bring the volume up to 40 mlL with water in the 50 mL polypropylene
centrifuge tube.

~ 115 Contrifuge for ~10 minutes at ~3000 rpm.

11.6 Condition the Cis SPE castridges (! g, 6 mL) by passing 10 mL methanol
followed by $ mL of HPLC water (~ 2 drop/sec). Do not let column run dry

11.7 Load (decant) the sample on the conditioned Cis SPE cartridge. Discard
cluate.

11.8  Elute with ~5 mL 100% methanol. Collect 5 mL of eluate into graduated
15 mL polypropylene centrifuge tubes (final volume = S mL).

1L9  Analyze samples using electrospray LC/MS/MS.

120 Chromatography

12.1  Inject the same amount of each standard, sample and fortified sample into the
LC/MS/MS system. A calibration standard must precede and follow all
analyzed samples.

12.2  Standards of PFOA ponding 10 at least five or more concentration levels
must be included in an analytical set.

123  An entirg set of extracted calibration standards must be included at the
beginning and at the end of a sample set. [Extracted standards must be
interspersed b every 5-10 samples. Asan al ive, an entire set of
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ANALYTICAL METHOD

Method of Analysis for the Determination of Perfluorooctanoic Acid (PFOA) in Soil by
LCMS/MS

emncud calibration standards may be uuectsd at tlu beginning of a set
d by d calibration persed every 5-10 samples

(to account for a second set of extracted standards). In either case, extracted

calibration standards must be the first and last injection in a sample set.

124 Use linear standard curves for quantitation. Linear standard curves are
generated for the analyte by linear regression using 1/x weighting of peak area
versus calibeation standard concentration using MaasLynx 3.3 (or equivalent
softwaze system,

125 Sample response should not excood d Any samples that
exceed standard responses should be further diluted and reanalyzod.

13.0  Acceptance Criteria

13.1 Chromatogram must show & peak of a daughter ion at 369 amu from & parent
of 413 amu. The 413 amu parent corresponds to the PFOA anion, while the
danghter ion (369 amu) represcnts the loss of carbon dioxide.

132 Moethod blanks must not contain PFOA at levels greater than the LOQ. 1f 4
blank contsing PFFOA at lovels groater than 50 ng/L, then a new blank sample
must be oblained and the entire set must be re-extracted.

13.3  Recoveries of control spikes and matrix spikes must be between 70-130% of
their known values. If a control spike falls outside the acceptable limits, the
eatire set of samples should be re-extracted. Any matrix spike outside 70-
130% should be evaluated by the analyst to determine if re-extraction is

~ ‘wammanted.

134  Any calibration standard found to be a statistical outlier by using the Huge
Error Test, may be excluded from the calculation of the calibration curve.

However, the total number of d calibration dards that could be
excluded must not exceed 20% of the total number of extracted standards
injected.

13.5 The correistion coofficient (R) for calibration curves generated must be
20992 (R? 20.985). If calibration results fall outside these limits, then
appropristo stops must be taken to adjust mtmmem opmnon. and the

dards or the re} mof ples should be
13.6 Ratention times b ds and pl ‘must not drift more than
+ 4 % within sn anatytical un, If ion time drift ds this limit within

mlnnly\lcllnmthmﬂwmmunbemulyud
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140  Cakulations

14.1  Use the following equation to calculsts the amount of PFOA found (in ng/L,
based on pesk area) using the standard curve (linear regression parameters)
generated by the Mass Lynx software program:

PFOA found (ng/L) = (Peak aroa - intercept) x DF
slope
DF = factor by which the final volume was diluted, if necessary.

14.2  For samples fortified with known amounts of PFOA prior to extraction, use
the following equation to calculate the percent recovery.
Rocovery (%) =

[ total analyte found (ng/L) - malmfonndinmml(n[/l.ﬂxmo
analyte sdded (ng/L)

14.3  Use the following equation 1o convert the amount of PFOA found in ng/L to
ng/s (ppb).
PFOA found (ppb) =
sample weight (5 g)

144  Use the following equation to calculate the amount of PFOA found in pph
based on dry weight.

PFOA found (ppb) dry weight = PFOA found (ppb) X [100% / total solids(%)]
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Page 29 of 65

Exygen Research Page 63 of 118



Interim Report #26 — Analysis of Groundwater Samples Exygen Study No.: P0001131

Exygen Protocol Number: PO001131

—
ANALYTICAL METHOD
Method Number: V0001782
Method of Analysis for the Determination of Perfluorooctanoic Acid (PFOA) In
) Sediment by LC/MS/MS :
Analytical Testing Pacility: Exygen Research
: 3058 Research Drive
Stato College, PA 16801
Approved By: -
Paut Connolly { Date
Technical Leades, LC-MS, Exygen Roscarch
fohn Flaherty  * Dute
Vice Presideat, Op Exygea R h
o~
Total Pages: 7
p_—

Page 30 of 65

Exygen Research Page 64 of 118



Interim Report #26 — Analysis of Groundwater Samples Exygen Study No.: P0001131

Exygen Protocol Number: P0001131

Exygpen Rescarch Method Number V000) 782
1 ANALYTICAL METHOD |
Methad of Analysis for the Determination of Perfluorooctanoic Acid (PFOA) in Sediment by
LC/MS/MS

1.0 Scope
mlmhodumhmphyedﬁarﬁamhnmnndqmunonofp«ﬂmocumxc
acid by High Perf Liquid Ch pled to a tandem Mass
SpwommeDm(LCMWS)inudmm

20  Safety

2.1 Always observe safo laboratory practices.
22 cmmwmmsnsmmmmymwmmumy
peecautions.
30  Sample Requirement
31 Atleast Jo.omu sample for extraction.

32 Nosamplep ng is needed for sedi
33  Samples stored nlhgenud should be allowed to oquilibrate 10 room

temperature.
34 Al umplu must be thamughly mixed befou hung sampled for extraction.
35  Sample P will be sp n the pling plan for this

project.
40  Reagents and Standards

4.1  Water— HPLC grede
42  Methanol - HPLC grade
—_ 43  Acetic Acid ~ Reagont grade
4.4  Ammonium Acetate ~ A.C.S. Reagent Grade
45  Perfluorooctanoic Acid ~ Sigma-Aldrich

50 Instrament and Equipment

5.1 A high performance liquid chromstograph capable of pumping up to 2
solvents equipped with a varisble volume injector capable of injecting 5-200
4L connected 10 a tandem Mass Spectrometer (LC/MS/MS).

52  Adevice 1o collect raw data for peak integration and quantitation.

5.3  Analytical balance capable of reading to 0.00001 g.

54 50 mL disposable polypropylens centrifuge tubes.

35 1SmL dwoublo polypmpylm centrifuge tubes.

5.6  Disposable micropipets (SO-IOOuL, IOO-ZOOuL)

5.7  125-mL LDPE narow-mouth bott!

58 2 mL clear HPLC vial kit.

5.9  Disposable pipettes.

5.10  Autopipettes (100-1000 uL and 10-100 L), with disposable tips.

5.11  Waters Sep Pak Vac 6 cc (15) tC18 SPE cartridges.

$.12  SPE vacuum manifold.
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Method of Analysis for the Determination of Perfluorooctanoic Acid (PFOA) in Sediment by
. LCMSMS
513 Vorexer.
5.14  Wrist-action shaker,
5.15 Centrifuge capable of spinning 50 mL pojypropylenc tubes at 3000 rpm.
6.0  Chromatographic Systom
6.1 Analytical Column: Fluophase RP (Key Scientific), 2.1 mm x 50 mm, 5p
(P/N: 82505-052130)
62  Tempersture: 30°C
63 MobilePhase (A): 2 mM Ammonium Acstate in Water
64  Mobilo Phase (B):  Methano!
6.5 Grdient Program:
Flow Rate
0.0 65 35 03
1.0 65 33 03
8.0 25 73 0.3
200 25 75 0.3
25 [ ] 35 03
6,6 Injection Volume: 15 pL (can be increased to as much as 50 uL).
6.7  Quantitation: Peak Ares ~ external standard calibration curve.
P 68  RunTime: ~23 minutes.
The above conditions are intended ss s guide snd may be changed in order to
optimize the HPLC system.
7.0  MS/MS System
7.1 Mode: Electrospray Negative MRM mode, manitoring 413 —» 369 m/z for
PFOA.
The sbove conditions are futended ss & guide and may be changed in order to
8.0  Preparstion of Solutions
8.1  Mobilo Phase
8.1.1 2 mM ammonium acetate in water is prepared by adding 0.154 g of
ammonium acetate to 1000 mL of water.
Page3of?
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8.2  Extraction Solutions

8.2.1 1% acetic scid in water is prepared by adding 10 mL of acetic acid to
1000 mL of water.

Alternate volumes may be propared.

9.0  Standard Preparation

9.1  Standard Stock/Fortification Solution

9.1.1 Prepare a stock solution of ~100 pg/mL of PFOA by weighing 10 my
of analytical standacd (corrected for purity) and dilute to 100 mL with
methanol in 8 125-mL LDPE boitle.

9.1.2 A 10 pg/mL fortification solution of PFOA is prepared by bringing 10
mL of the 100 pg/mL solution to & final volume of 100 with methanol
ina 125 mL LDPE bottle.

9.1.3 A 1.0 ug/mL fortification solution of PFOA is prepared by bringing 10
mL of the 10 pg/mL solution to a final volume of 100 with methanol in

» 125 mL LDPE bottle.

9.).4 A0 ug/mL fortification solution of PROA is prepared by bringing 10
mL of the 1.0 ug/mL solution to a final volume of 100 with methano! in
2 125 mL LDPE bottle.

9.1.5 A 0.01 pg/mL fortification solution of PFOA is prepared by bringing
10 mL of the 0.} pg/mL solution to a final volume of 100 with
— methanol in a 125 mL LDPE botle.
9.1.6 The stock and fortification solutions are to be stored in a refrigorator at
approximately 4°C and are stable for & maximum period of 6 months
from the date of preparation.

92  Standard Calibrstion Solutions
9.2.1 LC/MS/MS calibestion standards sre prepared in methanol via dilution

of the 0.1 pug/ml. fortification solution.
9.2.2 The following is & typical ple: additional ions may be
prepared as neoded.
Concentration Final
of Fortification ~ Volume Diluted to Concentration
Solution mL’ L
100 10 100 100
100 3 100 50
100 2 100 20
10 10 100 (XY
s 10 100 [X3
2 10 100 0.2
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Method of Analysis for the Determination of Perfluorooctanoic Acid (PFOA) in Sediment by
LC/MS/MS

9.2.3 Store all calibration standards in 125-mL LDPE narrow-mouth botiles
at 2°C 10 6°C, up to six months.

9.24 Altemate volumes and concentrations of standards may be prepared as
neoded.

100 BakhSetUp

10.1  Bach batch of sumples extracted (typically 20 or less) must include at least
one untrested coatrol and two untrested controls fortified at known
concentrations (lab control spike) to verify procedural recovery for the batch.

102 Requirements for field and laboratory duplicates and spikes will be specified
in the quality assurance plan for this projoct.

11.0  Sample Extraction

11.1  Woigh S g of sample into 50 mL polypropylene contrifuge tubes (fontify as
needed, replace lid and mix welf).

112 Add 35 mL of 1% acetic acid, cap, vortex and shake on & wrist action shaker
for ~60 minutes.

113 Centrifuge the tubes at ~3000 tpm for ~20 minutes.

11.4 Condition the C;y SPE castridges (1 g, 6 mL) by passing 10 mL methanol
followed by 20 mL of HPLC water (~ 2 drop/sec). Do not let column run dry

11.5 Load (decant) the sample on the conditioned Ciz SPE cartridge. Discard
cluate.

11.6  Add 20 mL of methanol to the sediment ioft in the bottom of the 50 mL
centrifuge tube. Cap, vortex and sheke on a wrist action shaker for ~30
minutes.

1.7 Contrifuge the tubes at ~3000 rpm for ~20 minutes.

11.8  Decant the methanol onto the same SPE cartridge. Collect the cluate.

11.9  Wash the column with 4 mL of methanol. Collect the eluate and add it to the
cluate collected in step 11.8.

11.10 Condition & second Cyq SPE cartridge (1 g, 6 mL.) by passing 10 mL methanol
followed by 20 mL of HPLC water (~ 2 drop/sec). Do not let column run dry

11.11 Add the methano) to ~200 ml. of water and load on the second conditioned
SPE cartridge.

11.12 Elute with ~5 mL 100% methanol. Collect 5 mL of eluate into gradusted
15 mL polypropylene centrifuge tubes (finsl volume = S mL).

1113 Analy ples using ol pray LO/MS/MS.
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120 Chromatography

12.1  Inject the same amount ofucll standard, sample and fortified sample into the
LC/MS/MS system. A calibration standard must precede and follow all
analyzed ssmples. '

122 Standards of PFOA corresponding to at least five or more concentration levels
must be included in an analytical set.

12.3  An entire set of extracted calibration standards must be included at the
beginning snd &t the end of a sample set. Standards must be interspersed
between svery 5-10 samples. As mn altemative, an entire set of calibrauon
mmhnh may be numed at the beginning of a set followed by calibeation

d every 5-10 samples (to for & second set of
standards). lndmccln.ahbmunmndudsmmbetheﬁmnﬁhsl
injection in s sample set.

12.4 Use linear standard curves for quantitation. Linear standard curves arc
generated for the analyte by linear regression using 1/x weighting of peak aren
versus calibration standard concentration using MassLynx 3.3 (or equivalent)
software system.

12.5 Ssmple response should not exceed dard ples that
mwmmummmm.mnyzea

13.0  Accoptance Criteris
13.] Chromatogram must show a peak of a daughter ion at 369 amu from » parent
—~ of 413 amu. The 413 amu parent corresponds to the PFOA anion, while the
dsughter ion (369 ammu) represents the loss of carbon dioxide.

132 Method blanks must not contain PFOA at levels greater than the LOQ. (fa
blank contains PFOA at lovols greater than 0.2 ng/mL, then a new blank
sample must be obisined snd the entire set must be ro-oxiracted.

133 Recoveries of control spikes and matrix spikes must be between 70-130% of
their known values. If a control spike falls outside the acocptable limits, the
entire set of samples should be re-extracted. Any matrix spike outside 70-
130% should be evaluated by the analyst to determine if re-extraction is

warranted.
134  Any calibration standard found to be a statistical outlier by using the Huge
Error Test, may be excluded from the calculation of the calibration curve

However, the total number of d calibration dards that could be
excluded must not exceed 20% of the totai number of extracted standards
injected.

13.8 The correlation coefficient (R) for calibration curves generated must be
20.992 (R® 20.985). If calibration results fall outside these limits, then
steps must be tsken to adjust instrument operstion, and the

dards or the rel set of samples should be reanalyzed.

Pagebof?

Page 35 of 65

Exygen Research Page 69 of 118



Interim Report #26 — Analysis of Groundwater Samples Exygen Study No.: P0001131

Exygen Protocol Number: P0001131

Exygen Ressarch. Method Nuraber V0001782

ANALYTICAL MITHOD |
Method of Analysis for the Determination of Parflilcrooctanoic Acid (PFOA) in Sediment by
LCMSMS

136 R fon times b dards snd samplos must not drifi more than
£ 4 % within sn analytical run. If' jon time drift ds this limit within
an analytical rua then the set must be reanalyzed.

140 Calculations

14.1  Use the followi lculate the amount of PFOA found (in ng/mL.
based on polk uu) uing tlu standard curve (linear regression parameters)
generated by the Mass Lynx software program:

PFOA found (ng/mL) = (Peak ares - intercept) x DF
slope

DF = factor by which the final volume was diluted, if necessary.

142 For mlu bmﬂod mﬂn known amounts of PFOA prior to extraction, use
ng oq fate the percent recovery.

Rocovery (%) =

- [wmlnﬂytahmd(nym[.)qnll}hﬁamdinconh‘ol(nglml.)]”oo
! snalyteadded (ng/mL)

143 Use the following equation to convert the amount of PFOA found in ng/mL to
ng/g (pph).

PFOA found (ppd) =
sample weight (5 g)
144  Use the following equation (if nocessary) to calculate the amount of PFOA
found in ppb based on dry weight,
PFOA found (ppb) dry weight = PFOA found (ppb) x {100% / total solids(%)]
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Clams by LOMS/MS

1.0 Scope
This method is to be employed for the isolation and quantitation of perfluorcoctancic
acid by High Performance Liquid Chromatogrsphy coupled to a tandem Mass
Spectrometric Detector (LC/MS/MS) in fish and clams.

2.0 Safety

2.1 Alwsys observe safe laboratory practices.
22 Consult the appropriste MSDS before handling any chemical for proper safety

precautions.
3.0  Sample Requircment

3.1 Atloast 20 g of test sumple for extraction

32 Samples should be processed before extraction. Place the frozen sample in a
food processor and homogenize with dry ice. Place the samples in containers
and leave open in frozen storsge ovemight to allow for carbon dioxide
sublimation. Scal and plasce the samples in frozen storage until time of
analysis.

33  Sample collection procedures will be specified in the sampling plan for this
project.

4.0  Reagents and Standards

41  Water— HPLC grade

4.2 Acctonitrile - HPLC grade

4.3  Carbon (120-400 mesh) — Reagent grade
44  Methanol - HPLC grade

4.5  Silics gel (60-200 mesh) - Reagent grade
4.6  Plorisil (60-100 mesh) - Reagent grade
4.7  Superclesn LC-NH; ~ Reagent grade
48  1-Octmol - HPLC grads

49  L-Ascorbic acid - Reagent grade

410 Di ilane — Reagent grade
4.1t Toluene — Reagent grade

4,12 Ammonium Acotate - A.C.S. Reagent Grade
4.13  Perfluorooctancic Acid — Sigma-Aldrich

50  Instrument and Equipment
5.1 A high perk liquid ch graph capable of pumping up to 2
) quipped with a variable volume injector capable of injecting 5-200
uL connected to a tandemn Mass Spectrometer ).
5.2 Adevioe to collect raw data for pesk integration and quantitation.
53  Anaslytical balance capable of reading to 0.00001 g.
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34 Rotary evaporator.
5.5  Tissumizer.
5.6 125 mL pear-shaped flasks.
5.7 50 mL disposable polypropylene centrifuge tubes.
58 15 mL disposable polypropyl ifuge tubes.
5.9  Dispossble micropipets (50-100uL., 100-200uL).
5.10 125.mL LDPE narrow-mouth bottles.
5.11 2 mL clear HPLC vial kit.
$.12 Disposable pipettes.
5.13  Autopipetics (100-1000 uL and 10-100 uL), with disposable tips.
5.14  SPE tubes (20mL) (Supelco cat. no. NO57177).
5.15  Wrist action shaker.
516 Centrifuge capable of spinning 50 mL polypropylene tubes at 2000 rpm.
60  Chromatogrsphic System
6.1  Analytical Column: Fluophase RP (Keystone Scientific), 2.1 mm x 50 mm, 5u
(P/N: 82505-052130)
6.2 Temperature: 30°C
63  Mobile Phase(A): 2 mM Ammonium Acetate in Water
6.4  Mobile Phase (B): Methanol
6.5  Gradient Program:
~ Flow Rate
Time (min) %A %B {mL/min)
0.0 65 35 0.3
1.0 65 35 03 -
8.0 25 75 03
200 25 5 03
25 65 35 0.3
6.6 Injection Volume: 15 uL (can be increasod to as much as 50 uL).
6.7  Quantitation: Peak Arca — extemnal standard calibration curve.
6.8  RunTime: ~23 minutes.
The above canditions are intended as & guide and may be changed in order 1o
optimize the HPLC system.
Page 3 of 8
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7.0  MS/MS Systom
7.4 Mode; Electrospray Negative MRM mode, monitoring 413 — 369 m/z for
PFOA.

The above conditions are intended as a guide and may be changed in order to

8.0  Prepantion of Solutions
8.1  Mobile Phase
8.1.1 2 mM ammonium aceists in waler is prepared by adding 0.154 g of
ammonium acetats 10 1000 mL of water.
82  Extraction Solutions
821 2% bic acid in methanol is prepared by dissolving 2 g of ascorbic
acid in 100 mL of methanol.

8.2.2 30% Dimethyldichlorosilane in toluens is prepared by bringing 3 mL
of dimethyldichlorosilane to a fins] volume of 10 mL with toluene.

Alt % K may be prep

-~ 9.0  Standard Preparation
9.1  Standard Stock/Fortification Solution

9.1.1 Prepare 8 stock solution of ~100 ug/mL of PFOA by weighing 10 mg
of analytical standard (corrected for purity) and dilute to 100 mL with

methanol in a 125-mL LDPE bottle.

9.1.2 A 1.0 pg/mL fortification solution of PFOA is prepared by bringing |
mL of the 100 pg/mL solution (o a final volume of 100 with methano!
in a 125 mL LDPE bottle.

9.1.3 A0.] pg/mL fortification solution of PFOA is prepared by bringing 10
ml, of the 1.0 pg/mL solution to a final volume of 100 with methanol in
8 125 mL LDPE bottle.

9.1.4 A 001 pg/mL fortification solution of PFOA is prepared by bringing
10 mL of the 0.1 pg/mL solution to a final volume of 100 with
methancl in a 128 mL LDPE bottle.

9.1.5 The stock and fortification solutions are to be stored in & refrigerator at
approximately 4°C and are stable for a maximum period of 6 months
from the date of preparation.
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9.2  Standard Calibretion Solutions
9.2.1 LC/MS/MS calibeation dards are prepared in methano! via ditution
of the 1.0 uu/mL fortification lolunon
922 The following is a typical ple: additional ions may be
prepased as  noeded,
Concentration Firal
of Fortification ~ Volume Diluted to Concentration
Solution L] (mL)
10 50 100 0.05
1.0 25 100 0.028
1.0 Lo 100 0.01
0.05 10 100 0.005
0.025 10 100 0.0025
0.1 l0 100 0.001
0.005 100 0.0008
923 Storeall ulibnlim standards in 125-mL LDPE narrow-mouth bottics
at 2°C to 6°C, up to 2ix months.
9.2.4 Alternate volumes and concentrations of standards may be prepared as
needed.
100 Batch Set Up
10.1  Each batch of samples oxtracted (typically 20 or less) must include at least
~~ ons untrested control and two untreated controls fortified at known
eoneemdml(hbmml spike) to verify procedural recovery for the batch.

102 Req\lulncm for field and laboratory dupllwu and spikes will be specified

in the quality assurance plan for this project.
1.0 Sample Extraction

1.1 Weigh § g of frozen sample into 50 mL polypropylene centrifuge tubes
(fortify as neoded, roplace lid and mix weil).

112 Add 30 mL of acetonitrile and shake on a wrist action shaker for ~15 minutes.

11.3  Place the tubes in » freezer for ~1 hour.

11.4 Pack and condition the SPE tubes and silanize the pear-shaped flasks.

1.5 Pack the 20 mL SPE tubes in sequence with 2 g florisil, 2 g silica gel, 2 i
carbon, and | g LC-NH;. Condition the columns with 20 mL of methanol,
then 20 mL of acetonitrile. Discard all washes. Do not allow the column to
dry.

116 Sll-nu ﬂu 125 ol pear-shaped flasks by rinsing with the 30%

in toluene solation. Rinse the flask with toluens once,
followed by methanol (three times). Dry the flasks completely before use,
either by air-drying or with a stream of nitrogen.
Page S of %
~~
Page 41 of 65

Exygen Research Page 75 of 118




Interim Report #26 — Analysis of Groundwater Samples Exygen Study No.: P0001131

Exygen Protocol Number: P000]131

i Exygen Rusearch Mathod Number V0001783
| r ANALYTICAL METHOD
‘
|

Method of Anslysis for the Determination of Perflucrooctanoic Acid (PFOA) in Fish and
Clams by LC/MS/MS

11.7 Centrifuge the 50 mL polypropylene tubes containing sample at ~2000 pm
for ~10 minutes.

11.8  Decant the sxtract on to & conditioned SPE column fitted inside the mouth of

‘ the pear-shapod flask. Collect the eluate in the 128 mL silanized pear-shape

| flask,

i 119 Add 10 mL of scetonitrile to the sample in the S0 mL centrifuge tube.

i Homogenize the frozen fit phase using a tissumizer for ~30 seconds and rinse
the tissumizer with ~10 mL of acetonitrile into the tube.

11.10 Shake the sample again for ~10 minutes on & wrist-action shaker.

11.11 Place the tubes in a freezer for ~ 1 hour more.

11.12 Centrifuge the 50 mL polypcopylene tubes containing sample at ~2000 rpm
for ~10 minutes.

11.13 Decant the extract onto the same SPE column. Collect the eluste into the
same pearshapod flask and combine with the cluent from the initial

extraction.

11.14 Pass 20 mL of scetonitrile through the SPE column and combine the cluate in
the same pear-shaped flask,

11.15 Add 3-4 drops of l-octanol to the extract in the pear-shaped flask and

at reduced pressure using & rotary evaporator (at < 40°C).

11.16 Make the final volume, by adding 2 mL of 2% ascorbic acid in methano! to
the pear-shaped flask and swirl to mix/dissolve.

11.17 Transfer the extracts to HPLC vials using disposable pipets.

11.18 Analyze samples using clectrospray LC/MS/MS.

; 120 Chromatography

i 12.1  Inject tho same amount of each standard, sample and fortified sample into the
| LC/MSMS system. A calibration standard must precede and follow all
‘ analyzed samples.

122 Standards of PFOA corresponding o at least five or more concentration levels
| must be included in an analytical set.

‘ 123 An entire set of calibration standards must be included st the beginning and al
: the ond of & sample set. Standards must be i every 5-10

i samples. As an altornative, an entire set of calibration standards may be
i injected at the beginning of s set followed by calibration standards
d every 5-10 samples (to for a second set of standards). in
eldwuu.uh‘brmmnmdndsmnbelh:fmlmdlmlmectmn in @
sample set.

124 Use linear standard curves for quantitation. Linear standard curves are
generatod for the analyte by linear regression using 1/x weighting of peak arca
versus calibration standard concentration wsing MassLynx 3.3 (or equivaient)
software system.
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Clams by LC/MS/MS i
12.5 Sample response should not exceed dard Any samples tha

excoed standard responses should be further diluted and reanalyzed.

13.0  Acceptance Criteria

13.1  Chromatogram must show a poak of a dsughter ion at 369 amu from a parent
of 413 amu. The 413 amu parent corresponds to the PFOA anion, while the
daughter ion (369 amu) represents the loss of carbon dioxide.

{3.2 Method blanks must not contain PFOA at levels greater than the LOQ. Ifa
blank contains PFOA at lovels groater than 0.5 ppb, then a new blank sample
must be obtained and the emtire st must be re-extracted.

133 Recoveries of control spikes and matrix spikes must be between 70-130% of
their known values. If a control spike falls outside the acceptable limits, the

entire set of samples should be re-extractod.
134  Aay calidration standard found to be & statistical outlier by using the Huge
Error Test, may be excluded from the calculstion of the calibration curve.

However, the total number of calibration standards that could be excluded
must not exceed 20% of the total number of standards injected.

13.5 The comrelstion coefficient (R) for calibration curves gonerated must be
20.992 (R’ 20.985). If calibration results fall outside these limits, then
sppeopriste steps must be taken to adjust instrument operation, and the
standards or the relevant set of samples should be reanalyzed.

136 R jon times b dards and samples must not drift more than

~ 4 % within an analytical nun. If reteation time drift exceeds this limit within

an analytical run then the sct must be reanalyzed.

140  Calculations

14.1  Uses the following equation to caloulate the amount of PFOA found (in ng/mL,
based on pesk ares) using the standard curve (linear regression parameters)
generated by the Mass Lynx software program:

PFOA found (ng/ml) = (Peak ares - intercept)
slope
142  Uss the following equation to convest the amount of PFOA found in ng/mL to
ny/g (ppd).

PFOA found (ppb) =
sample weight (g)

DF = factor by which the final volume was diluted, if necessary.
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143 For samples fortified with known amounts of PFOA prior 1o extraction, use
the following equation to cal the percent recovery.
Recovery (%) =
[ total snaiyte found (nyg) - analyte found in control (ng/g)] | o
analyte sdded (ng/g)
p—
i
|
I
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Method of Analysis for the Determination of Perfluorooctanoic Acid (PFOA) in Vegetation
by LC/MS/MS
1.0 Scope

‘This method is to be employed for the isolation and quantitation of perfluorooctanoic

scid by High Performance Liquid Chromatography coupled to a tandem Mass

Spectrometric Detector (LC/MS/MS) in vegetation.

20  Safety

2.1 Always observe safe laboratory practices

21 Consult the appropriste MSDS before Iundlu\g any chemical for proper safety
precautions.

3.0 Sample Roquirement

3.1 Atleast 20 g of test sample for extraction.

3.2 Samples should be processed before extraction. Place the frozen sample in a
food processor and homogenize with dry ice. Place the samples in containers
and lesve open in frozen storage overnight to allow for carbon dioxide
sublimation. Seal and place the samples in frozen storage until time of
analysis.

33  Sample collection procedures will be specified in the sampling plan for this
project.

40  Reagents and Standards
41  Water - HPLC grade
L 42  Acclonitrile - HPLC grade

4.3  Carbon (120-400 mesh) - Reagent grade

44  Mothanol - HPLC grade

4.5  Silica gel (60-200 mesh) - Reagent grade

4.6  Florivil (60-100 m-h) Reagent grade

47  Superclean LC-NH; - Reagent grade

48 1-Octancl - HPLC grde

49  L-Ascordic acid - Reagent grade

410 Dimethyldichlorosilane - Roag

4.11 Toluene - Roagent grade

412 Ammonium Acetate - A.C.S. Reagent Grade

4,13 Perfluorooctanoic Acid - Sigma-Aldrich

50  Instrument and Bquipment
51 Ahth«fommliqmdchmmﬁoynﬂxupnbloofpumpmgupwz
with a volume injector capable of injecting 5-200
uLeomuudwnmdeAuSpocmm(LC/MSMS)
$.2 A device to collect raw data for peak integration and quantitation.
5.3 Amalytical balance capable of reading to 0.00001 g.
Page2 01’7
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54  Rotary evaporator.
$.5 125 mL pearshapad flasks.
56 50 mL dispossbie polypropylene centrifuge tibes.
5.7 15 mL dispossble polypropylene centrifugs tubes.
5.8  Disposable micropipets (50-100uL, 100-200uL).
8.9  125-mL LDPE namow-mouth bottles.
510 2 mL clear HPLC vial kit.
$.11  Disposable pipettes.
512 Autopipeties (100-1000 uL and 10-100 uL), with disposable tips.
5.13  SPE tubes (20mL) (Supelco cat. no. N057177).
$.14  Wrist action shaker,
5.15 Contrifuge capable of spinning 50 mL polypropylene tubes at 2000 rpm.
6.0 Chromatogrsphic System
6.1  Analytical Column: Fluophase RP (Keystone Scientific), 2.1 mm x $0 mm, 5p
(P/N: 82505-052130)
62  Tempersture: 30°C
6.3  Mobile Phase (A): 2 mM Ammonium Acelate in Water
64  Mobile Phase (B):  Methanol
6.5  Gradisnt Program:
Flow Rate
~ Time (min) %A %B {mL/min)
0.0 65 35 03
1.0 65 35 0.3
8.0 25 7 0.3
200 25 75 0.3
25 65 35 03
6.6 Injection Volume: 15 uL (can be incressod to as much as 50 uL).
6.7 Qusntitation: Peak Area - external standard calibration curve.
6.8  RunTime: ~23 minutes.
The above conditions are intended as a guide and may be changed in order to
optimize the HPLC system.
70  MS/MS System
7.1  Mode; Blectrospray Nogative MRM mode, monitoring 413 —» 369 m/z for
PFOA.
Page3of?
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The above conditions are intended as a guide and may be changed in order to
optimize the MSMS system.

80  Preparation of Solutions
8.1  Mobile Phase
8.1.1 2 mM ammonium scetate in water is prepared by adding 0.154 g of
ammonium acetate to 1000 mL of water.
82  Extractioa Solutions

4

8.2.1 2% asoorbic acid in methanol is prepared by dissolving 2 g of
acid in 100 mL of methanol.

822 30% Dimethyldichlorosilane in toluene is propared by bringing 3 mlL
of dimethyldichlorosilane to a final volume of 10 mL with toluene.

Alternate volumes may be prepared.

9.0  Standard Preparation
9.1  Swundard Stock/Fortification Solution

9.1.1 Prepare a stock solution of ~100 pg/mL of PFOA by weighing 10 mg
—_ of analytical standard (corvected for purity) and dilute to 100 mL with
methanol in a 125-mL LDPE bottle.

9.1.2 A 1.0 pg/mL fonification solution of PFOA is prepared by bringing |
mL of the 100 ug/mL solution to & final volume of 100 with methanol
in a 125 mL LDPE bottle.

9.1.3 A0 pg/mlL fortification solution of PFOA is prepared by bringing {0
mL of the 1.0 ug/mL solution to a final volume of 100 with methanol in
8 125 mL LDPE boitle.

9.14 A 0.01 pg/ml fortification solution of PFOA is prepared by bringing
10 mL of the 0.) ug/mL solution to a final volume of 100 with
methanol in a 125 mL LDPE bottle.

9.1.5 The stock and fortification solutions are to bo stored in & refrigerator at

i 4°C and are stable for a maximum period of 6 months
from the date of preparation.

92  Standszd Calibration Solutions

9.2.1 LC/MS/MS calibration dards are prepared in methanol via dilution
of the 1.0 pg/mL, fortification solution.
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Page 48 of 65

Exygen Research Page 82 of 118



Interim Report #26 — Analysis of Groundwater Samples Exygen Study No.: P0001131

Exygen Protocol Number: P0001131

Exygen Ressarch ) Method Number V0001784
ANALYTICAL METHOD
Method of Analysis for the Determination of Perfluorooctanoic Acid (PFOA) in Vegetation
by LC/MS/MS

922 The following is a typical example: additional concentrations may be
prepared as needed.

Concentration Final
of Fortification ~ Volume Diluted to Concentration

0.1 10 100 0.00t

8t 2°C o 6°C, up to six months.
924 Allemate volumes and concentrations of standards may be prepared as
needed.

10.0 Batch Sat Up

10.1  Each batch of samples extracted (typically 20 or less) must include at least
one untrested control and two univeated controls fortified st known
concentrations (lab contro! spike) to verify procedural recovery for the batch.
by for field and lab v dupli

102 and spikes will be specified

inthe quality assurance plan for this pwje'cz.

1.0  Ssmplo Extraction

1.1  Weigh 5 g of frozen semple into 50 mL polypropylene centrifuge tubes
(fortify as needed, replace lid and mix well).

112 Add 30 mL of acetonitrile and shako on a wrist action shaker for ~15 minutes.

113  Centrifuge the 50 mL polypropylene tubes containing sample at ~2000 rpm
for ~10 minutes.

11.4  Pack and condition the SPE tubes and silanize the pear-shaped flasks.

11.5 Pack the 20 mL SPE tubes in soquence with 2 g florisil, 2 g silica gel, 2 ¢
carbon, snd ! g LC-NH;. Condition the columns with 20 mL of methanol,
then 20 mL of acetonitrile. Discard all washes. Do not allow the column to

dry.

11,6 Silanize the 125 ml pear-shaped flasks by nnsing with the 30%
dimethyldichlorosilane in toluene solution. Rinse the flask with toluenc once,
followed by methano! (three times). Dry the flasks completely before use.
cither by air-drying or with & stream of nitrogen.

11.7 Decant the extract on to a conditioned SPE column fitted inside the mouth of’
the pear-shaped flask. Collect the sluate in the 125 mL silanized pear-shape
fiask.
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11.8  Add 20 mL of acetonitrile to the sample in the 50 mL centrifuge tube.

11.9  Shake the sample again for ~10 minutes on s wrist-action shaker.

11.10 Centrifuge the 50 mL polypropylene tubes containing sample at ~2000 rpm
for ~5 minutes.

11.11 Decant the extract onto the same SPE column. Collect the eluate into the
same pearshaped flask and combine with the eluent from the initial
extraction,

11.12 Repent stops 11.8 through 11.11 again.

11.13 M34dm|nflmmolwdunmmﬂwpwmped flask and
evaporate at reduced pressure using a 1oiary evaporator (at < 40°C).

11.14 Make the final volume, by adding 2 mL of 2% sscorbic acid in methano! to
the pear-shaped flask and swirl to mix/dissolve.

11.15 Tranafer the extracts to HPLC vials using disposable pipets.

11.16 ly iples using el pray LC/MS/MS.

120 Chromatography

12.1  Inject the same amount of each dard, sample and fortified sampie into the
LCMS/MS systam. A calibration standard must precede and follow all
snalyzed samples.

122 Standards of PFOA ponding to at least five or more concentration levels
munbeincludodinmlmlyﬁw set.

[2.3  An entire set of extracted calibration standards must be included at the

~~ beginning and a1 the end of 8 sample set. Extracted standards must be
overy 5-10 samples. As an alternative, an entire sot of
exmedcalibmwnmndndnmyhﬂ.mdnﬂnbemmngor-sel
llowod by d calibeation p every 5-10 samples
(1o account for » socond set of extracted standards). In either case, exiractod
calibration standards must be the first and last injection in a sample set.

124 Use linesr standard curves for quantitation. Linear standard curves are

. genersted for the analyte by linoar regrossion using 1/x weighting of peak area
versus calibration standard concentration using MassLynx 3.3 (or equivalent)
software system.

12.5 Sample response should not excoed d Any samples thu
oxcead standard responscs should be further diluted and reanalyzed.

13.0  Acceptance Criteris

13.1  Chromatogram must show s peak of a daughter ion 8t 369 amu from a parent
of 413 ammu. The 413 amu parent corresponds to the PFOA anion, while the
dsughter jon (369 amu) represents the lass of carbon dioxide.
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13.2  Method blanks must not contain PFOA at lovels greater than the LOQ. If a
blank contains PFOA st levels greater than 0.5 ppb, then a new blank sample
niust be obtained and the entire sst must be re-extracted.

133 Recoveries of control spikes and matrix spikes must be between 70-130% of
their known values. If a cootrol spike falls outside the acceptable limits, the
entire set of samples should be re-extracted.

134  Any calibration standard found to be a statistical outlier by using the Huge
Error Test, may be excluded from the calculation of the calibration curve.
However, the total number of calibration standards that could be excluded
must not exceed 20% of the total number of standards injected.

13.5 The corelation coefficient (R) for calibration curves generated must be
20992 (R? 20.985). If calibration results fall owtside these limits, then
sppropriste steps must be taken to adjust instrument operation, and the
Mwmmmofmphchwubcmwned

136 ion limes b and iples must not drift more than
1 4 % within an analytical run. If' ion time drift ds this limit within
an analytical run then the set must be reanalyzed.

14.0  Calculations

141 Usethe i to calculate the amount of PFOA found (in ng/mL.
buodonpukuu)u-hgthnﬂmdudcum(hmreymmnpmmm)
generated by the Mass Lynx software program:

PFOA found (ng/mL) = (Peak ares - interoept)
slope

142 Use the following equation to convert the amount of PFOA found in ng/mL to
ng/g (ppb)-

PFOA found (ppb) =
sample weight (3)

DF = factor by which the final volume was diluted, if nocessary.

143  For samples fortified with known amounts of PFOA prior to extraction, use
the following equation to calculate the percent recovery.

Recovery (%) =

[total amatyte found (ag/g) - analyte found in control(ng/g)] ;00
analyto added (ng/g)
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10  Scope

This method is to be emiployed for the isolation and quantitation of perfluorooctanoic

acid by High Performance Liquid Chromstography coupled to a tandem Mass

Spectrometric Detector (LC/MS/MS) in small mammal liver.

30  Safety

2.1  Always observe safo laboratory practices.

22 Consult the appropriste MSDS before handling any chemical for proper safety
precautioas.

3.0  Sample Roquirement

3.1 Atleast S g of test surmple for extraction.

3.2 Samples should be processed before extraction. Place the frozen sample in a
food processor and homogenize with dry ice. Place the samuples in containers
mdluvoopcumﬁw.enwovmdntoallwforurbondmxud:
sublimation. Seal and place the samples in frozen storage until time of
analysis. Alteroately, if there is an insufficient amount of sample (~less than
S g), then no processing is necossary and the sample can be used as supplied.

3.3  Sample collection procedures will be specified in the sampling plan for this
project.

P 40  Reagents and Standards

4.1  Water- HPLC grado

42  Methanol - HPLC grade

43  Acetonitrile - HPLC grade

44  Ammonium Acetate - A.C.S. Reagent Grade

4.5  Perfluorooctanoic Acid ~ Sigma-Aldrich

5.0  Instrumert and Equipment
51 A hish pcrfununu hqmd chmnnomh capable of pumpmg up to 2
iable volume injoctor capable of injecting 5-200
ul.comcd 0 lundnm Mass Spectrometer (LC/MS/MS).

$.2 A device to collect raw data for peak integration and quantitation.

53 Analytical balance capable of reading to 0.00001 g.

54 50 mL disposablo polypropylene centrifuge tubes.

5.5 15 mL dispossble polypropylenc centrifuge tubes.

5.6  Disposable micropipets (50-100uL, 100-200ul.).

$.7  125-mL LDPE namrow-mouth bottles.

5.8  2mlL clear HPLC vial kit.
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5.9  Disposable pipettes.
$.10  Autopipettes (100-1000 uL and 10-100 uL), with disposable tips.
5.1  Waters Sep Pak Vac 6 oc (1g) tC18 SPE cartridges.
5.12 SPE vacuum manifokl.
$.13  Tissuemizer.
$.14  Wrist-action shaker.
8,15 Centrifuge capable of spinning 15 mL polypropylene tubes at 3000 rpm.
60  Chromstographic System
6.1  Analytical Column: Fluophase RP (Key Scientific), 2.1 mm x 50 mm, Sp
(P/N: 82505-052130)
62  Temperature: 30°C
6.3 Mobile Phasc (A): 2 mM Ammonium Acetate in Water
64  Mobile Phase (B): Methanol
6.5  Gradient Program:
Flow Rate
Timg (min) %A %B (mlL/min)
0.0 65 35 03
1.0 65 35 0.3
8.0 25 73 03
20.0 25 75 03
228 65 s . 0.3
o~
6.6  Injection Volume: IS5 uL (can be increased to as much as 50 uL).
6.7  Quantitstion: Peak Arex — external standard calibration curve.
6.8  Run Time: ~ 23 minutes.
The sbave conditions are intended as a guide and may be changed in order to
optimize the HPLC system.
70 MS/MS System
7.1  Mode: Electrospray Nogative MRM mode, monitoring 413 —» 369 mvz for
PFOA.
The sbove conditions are intended 45 & guide and may be changed in order to
optimize the MSMS system.
Page 3of?
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8.0  Proparation of Solutions
8.1  Mobile Phase
81.1 2 mM ammonium scetate in water ia prepared by adding 0.154 g of’
ammonium acetate to 1000 mL. of water.
Alternate volumes may bo prepared.
9.0  Standard Preparation
9.1  Siandard Stock/Fortification Solution

9.1.1 Prepare a stock solution of ~100 pg/mL of PFOA by weighing 10 my
of analytical standard (corrected for purity) and dilute to 100 mL with
methanol in & 125-mL LDPE bottle.

9.1.2 A 1.0 pg/mL fortification solution of PFOA is prepared by bringing |
mL of the 100 ug/mL solution to a final volume of 100 with methanol
in & 128 mL LDPE boxtle.

9.1.3 AO0.1 ug/ml fortification solution of PFOA is prepared by bringing 10
mL of the 1.0 pg/mL solution to a final volume of 100 with methanol in
8 125 mL LDPE bottle.

9.1.4 The stock and fortification solutions are to be stored in a refrigerator at
spproximately 4°C and are stable for @ maximum period of 6 months
from the dste of preparation.

~ 92 Standard Calibration Solutians

9.2.1 LC/MS/MS calibration standards are prepared in methanol via dilution
of the 0.1 pg/mL fontification sotution.

9.2.2 The following is a typical ple: additional jons may be
prepared as nooded.

Final
of Fortificstion ~ Volume Diluted to Concentration
Solution ml. L ng/ml.
100 50 100 50
100 20 100 20
100 10 100 10
50 10 100 0.s
20 10 100 02
10 10 100 0.1

92.3  Store all calibration standards in 125-mL LDPE narrow-mouth bottles
at 2°Cto 6°C, up to six months.

9.2.4 Altemate voh and ions of standards may be prepared us
needed.
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Mummal Liver by LC/MS/MS

100 BatchSetUp

1.0

120

10.1

102

Each batch of samples extracted (typically 20 or less) must include at least
one untrested control and two unireated controls fortified at known
concentrations (lab control spike) to verify procedural recovery for the batch.
an\nmnu for ficld and lsborstory duplicates and spikes will be specified
in the quality sssurance plan for this project.

Sample Extraction

|18}

1n2
1n3
114

115
116
1.7
118

1.9
110

nu

Weigh 1 g of sample into & 50 mL polypropylene centrifuge tubes (fortify as

needed, upllee hd and mix well). Note that alternate weights of liver may be
on the sample size available for use.

mmwumleﬁouﬁwvol\monom.

Homogenize sample using s tissuemizer for ~1 minute.

Transfer | mL of the sample using a dispossble pipette into 3 1S mL

disposable centrifuge tube.

Add 5 mL of scetonitrile and shake for ~20 minutes on a wrist-action shaker.

Ceatrifuge the tubes at ~3000 rpm for ~5 minutes.

Decant the supematsnt into a S0 mL disposable centrifuge tube and add 35

mL of water.

Condition the Cis SPE cartridges (1 g 6 mL) by passing 10 mL methanol

followed by 3 mL of HPLC water (~ 2 drop/sec). Do not let column run dry

Load the sample on conditionod Ciy SPE cartridge. Discard eluate.

Eluts with ~2 mL of methanol. Collect 2 mL of eluste into a graduated

15 mL polypropylene centrifuge tube (final volume = 2 mL).

Analyze samples using eloctrospray LC/MS/MS.

Chromatography

12.1

122
123

124

Injoct the same smount of each standard, sample and fortified sample into the
LC/MS/MS system. A calibestion standard must precede and foliow all

analyzed samples.

Standards of PFOA corresponding to at least five or more concentration levels
must be included in an analytical set.

An entire sot of calibration standards must be included at the beginning and at
the end of n sample set. Standards must be interspersed between every 5-10
samples. As an slternative, an entire set of calibration standurds may be
injected at the beginning of a set followed by calibration standards
intorspersed every 5-10 samples (to account for a second set of standards). In
cither case, calibration standards must be the first and last injection in a
sample set.

Use linear standard curves for quantitation. Linear standard curves are
genersted for the analyte by linear regroasion using 1/x weighting of peak arca
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versus calibration standard concentration using MassLynx 3.3 (or equivalent)
software system.

125 Sample response should not exceed dard Any samples that
excoed standacd responscs should be further diluted and reanalyzed.

13.0  Acceptance Criteris

13.1 Chromatogram must show & peak of & dsughter ion at 369 amu from a parent
of 413 amu. The 413 amu parent corresponds to the PFOA anion, while the
daughter ion (369 amu) represcuts the loss of carbon dioxide.

13.2 Method blanks must not contsin PFOA st levels groater than the LOQ. ifa
biank contains PFOA at levels groster than 10 ng/g, then a ncw blank sample
must be obtained and the entire sot muat be re-extracted.

133 Recoveries of control spikes and matrix spikes must be between 70-130% of
their known values. If a control spike falls outside the acceptabie limits, the
entire set of samples should be d. Any matrix spike outside 70-
130% should be cvalusted by the analyst to determine if re-extraction is
warrantad.

13.4  Any calibration standard found t be a statistical outlier by using the Huge
Error Test, may be excluded from the calculation of the calibration curve.
However, the total number of calibration standards that could be excluded
must not exceed 20% of the total number of standards injected.

13.5 The comelation coefficient (R) for calibration curves gencrated must be
20.992 (R? 20.985). If calibration results fall outside these limits, then

_ sppropriste stops must bo taken to adjust instrument operation, and the
Mumnmmofmmwumlyzed

136 times b and ples must not drift more than
4 4 % within an analytical run. If retention time drift excoeds this limit within
an analytical run then the set must be reanalyzed.

140  Calculations

14.1  Use the following equation to calculate the amount of PFOA found (in ng/mlL.
based on peak ares) using the standard curve (linear regreasion paramoters)
generated by the Mass Lynx software program:

PFOA found (ng/mL) = (Peak area - intercept) x DF x aliquot factor
slope

DF = factor by which the final volume was diluted, if necessary.
Aliquot factor = 10

PageGof 7
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14.2  For samples fortified with known amounts of PFOA prior to extraction, use
the following equation to calculste the percent recovery.

Recovery (%) =

[ sotal analyte found (ng/ml) - analyte found in control (ng/mL)] 100
analyte added (ng/mL)

143 Use the following equstion to convert the amount of PFOA found in ng/mL 10
ng/g (ppb).

PFOA found (ppb) =
sample weight (g)

Page 7of?
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Method of Analysis for the Determination of Perfluorooctanoic Acid (PFOA) in Small

Mammat Serum by LC/MS/MS

1.0  Scope
This method is to be employed for the isolation and quantitation of perflucrooctanoic
acid by High Performance Liquid Chromatography coupled to & tandem Mass
Spectrometric Detector (LC/MS/MS) in small mammal serum.

20 Safety
2.1 Always observe safe laboratory practices.
22  Consult the appropriate MSDS before handling any chemical for proper safety
precautions.
3.0  Sample Requirement
3.1 Atloast 1 mL of test sample for extraction.
32  No sample processing is neodod for scrum samples. However, frozen serum
sunples must to allowed to completely thaw to room temperature before use.
33 Sample collection procedures will be specified in the sampling plan for this
project.

40  Reagents and Standards

4.1  Water~ HPLC grade
42  Methanol - HPLC grade
43 Acotonitrile - HPLC grade
~ 44  Ammonium Acetate - A.C.S. Reagent Grads
4.5  Perfluorooctancic Acid — Sigma-Aldrich

$0  Instrument and Equipment

5.1 A high perfonmance liquid chromatograph capable of pumping up to 2
solvents equipped with a variablo volume injector capable of injecting $-200
uL connectod to a tandem Mass Spectrometer (LC/MS/MS).

5.2 Adevice 10 collect raw data for peak integration and quantitation.

5.3 Analytical balance capable of reading to 0.00001 g.

54 50 mL disposable polypropylene centrifuge tubes.

5.5 15 mL dispossble polypropylens ceatrifuge tubes.

5.6  Disposable micropipets (50-100uL, 100-200ul).

$.7  125-ml LDPE namvow-mouth bottles.

5.8  2mL clear HPLC vial kit.

59  Disposable pipaties.

5.10  Autopipettes (100-1000 uL and 10-100 pL), with disposable tips.

5.1  Waters Sep Pak Vac 6 c (15) tCL8 SPE cartridges.

5.12  SPE vacuum manifold.

5.13  Vortexer,

N Page 2007
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Method of Analysis for the Determination of Perfluorooctanoic Acid (PFOA) in Small
Mammal Serum by LC/MS/MS
S.14  Wrist-action shaker.
5.15  Centrifuge capable of spinning 15 mL polypropyleno tubes at 3000 rpm.
6.0  Chromatographic System
6.1  Analytical Column: Fluophase RP (Keystone Scientific), 2.1 mm x 50 mm, Sp
(P/N: 82505-052130)
62  Temperature: 30°C
6. MobilePhase (A): 2 mM Ammonium Acetate in Water
64  MobilcPhase (B): Methanol
6.5  Gradient Program:
Flow Rate
Time (min} %A %B (mi/min}
0.0 65 35 0.3
1.0 [ s 0.3
8.0 25 75 0.3
200 25 75 0.3
2.5 65 35 03
6.6 Injection Volume: 15 uL (can be increased to as much as 50 uL).
6.7  Quantitation: Pesk Aroa - external standard calibration curve.
6.8  RunTime: ~23 minutes.
o~ The above conditions are intended as a guide and may be changed in order 10
optimize the HPLC system.
7.0  MS/MS System
7.1 Mode: Electrospray Negative MRM mode, monitoring 413 —» 369 m/z for
PFOA.
The above conditions are intended as @ guide and may be changed in order to
optimize the MSMS system.
8.0  Prepanation of Solutions
8.1  Mobile Phase
8.1.1 2 mM ammonium scetste in water is prepared by adding 0.154 g of
ammonium acetate to 1000 mL of water.
Alternate volumes may be prepared.
Page3 of7
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Method of Analysis for the Determination of Perfluorooctancic Acid (PFOA) in Small
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9.0  Standard Preparation
9.1  Standard Stock/Fortification Solution

9.1.1 Prepare a stock solution of ~100 pg/mL of PFOA by weighing 10 my
of analytical standard (corrected for purity) and dilute to 100 mL with
methanol in a 125-mL LDPE bottle.

9.12 A 1.0 pg/mL fortification solution of PFOA is prepared by bringing 1
ml of the 100 pg/mL solution to a final volume of 100 with methanol
in 8 125 mL LDPE bottle.

9.1.3 AO0.1 pg/mL fortification solution of PFOA is prepared by bringing 10
ml of the 1.0 jg/mL solution to a final volume of 100 with methanoi in
2 125 mL LDPE bottle.

9.5.4 The stock and fortification solutions ace to be stored in & refrigerator at
approximately 4°C and are stable for & maximum period of 6 months
from the date of preparation.

9.2  Stmdard Calibration Solutions

9.2.1 LC/MS/MS calibration dards arc prepared in methanol via dilution
of the 0.1 pg/mL fortification solution,

9.2.2 The following is a typical iple: additionsl ions may be
prepared as needed.

Concentration Final
-~ of Fortificstion ~ Volume Diluted to Concentration
Solution ml. mlL, ng/ml
100 50 100 5.0
100 20 100 20
100 1.0 100 1.0
50 10 100 05
20 10 100 02
1.0 10 100 0.1

9.2.3 Store all calibration standards in 125-mL LDPE narrow-mouth boitles
1 2°C 0 6°C, up to six months.

9.2.4  Alternate volumes snd concentrations of standards may be prepared as
noeded.

10.0 Baich Set Up

10.1  Each batch of samples extracted (typically 20 or less) must include at least
one untrested control and two untreated controls fortified at known

oconcentrations (lab control spike) to verify procedural recovery for the baich.
10.2 Requi for field and lab y duplicates and spikes will be specified

in the quality assurance plan for this project.
Paged of 7
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ANALYTICAL METHOD |
Method of Analysis for the Determination of Pqﬂwwcunow Acid (PI-‘OA) in Small
Mammal Serum by LC/MS/M!

11.0  Sample Extraction

11.1  Measure | mL of sample into & 50 mL polypropylene centrifuge tubes (fortify
a8 needed, replace lid and mix well). Note that alternate volumes of serum
may be messured depending on the sample size available for use.

112 Add water to the sample for a final volume of 20 mL. Cap tightly

11.3  Vortex for ~1 minute.

114 Transfer 1 mL of the sample using a disposable pipette into & {5 mL
disposable centrifuge tube.

11.5 Add 5 mL of acetonitrile and shake for ~20 minutes on s wrist-action shaker.

11.6  Centrifuge the tubes at ~3000 rpm for ~5 minutes.

11.7 Decant the supernatant into a SO mL disposable centrifuge tube and add 33
mL of water.

11.8  Condition the Cis SPE cartridges (1 g, 6 mL) by passing 10 mL methanol
followed by 5 mL of HPLC water (~ 2 drop/sec). Do not let column run dry

11.9  Load the sample on conditioned Cys SPE cartridge. Discard eluate.

11.10 Elute with ~2 mL of methanol. Collect 2 mL of eluate into a graduated
1SmL polypfopyl-w ecnmﬁlga tube (final volume = 2 mL).

1111 Analy ples using pray LC/MS/MS.

12.0 Chromatography

12.1  Inject the ssme amount of each standard, sample and fortified sample into the

LC/MS/MS system. A cslibration standard must precede and follow all
o~
’ anal samples.

122  Standards of PROA ponding to at least five or more concentration levels
must be included in an analytical set.

12.3  An entire set of calibration standards must be included at the beginning and at
the end of a sample set, Standards must be i every 5-10
samples. As an slternative, an entire set of calibration standards may be
wemd al the beginning of & set followed by calibration standsris

persed every S-10 samples (to for a socond set of standards). in
sither case, calibration standards must be the first and last injection in a
sample set.

124  Use linesr standard curves for quantitation. Linear standard curves are
generated for the analyte by linear regression using 1/ hting of peak area
versus calibration standard concentration using MassLynx 3.3 (or equivalent)
software system,

12.5 Sample response should not ex: d Any samples that
exeedlnndndmponm:honldbemnhﬂ'dlluudmdmyud
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13.0  Acceptance Criteria

13.1 Chromatogram must show a peak of 8 daughter ion at 369 amu from a parent
of 413 amu. The 413 xmu parent corresponds to the PFOA anion, while the
daughter ion (369 amu) represents the loss of carbon dioxide.

13.2 Method blanks mua not contain PFOA at lovels greater than the LOQ. ifa
blank contsins PFOA st levels greater than 10 ng/mL, then a new blank
sample must be obtained and the entire set must be re-extracted.

133 Recoveries of control spikes and matrix spikes must be between 70-130% of
their known values. If a control spike falls cutside the acceptable limits, the
entire set of samples should be d. Any matrix spike outside 70-
130% should be ovaluated by the analyst to determine if re-extraction is
warranted.

134  Any calibration standard found to be a statistical outlier by using the Huge
Envor Test, may be excluded from the calculation of the calibration curve.
However, the total number of calibration standards that could be excluded
must not exceed 20% of the total number of standards injected.

13.5 The ocorrelation ocoefficient (R) for calibration curves generated must be
20992 (R? 20.985). If calibration results fall outside these limits, then

jate steps must be taken to adjust instrument operation, and the
dards or the rel set of samples should be reanalyzed.

136 R ion times b dards and samples must not drift more thun
+ 4 % within an analytical run. If jon time drift ds this limit within
an analytical run then the set must be reanalyzed.

14.0  Calculations

14.1  Use the following equstion tu calculate the smount of PFOA found (in ng/mL.
based on peak ares) using the standard curve (linoar regression parameters)
generated by the Mass Lynx software program:

PFOA found (ng/mL) = (Peak ares - intercept) x DF x aliquot factor
slope

DF = factor by which the final volume was diluted, if necossary.
Aliquot factor = 20

142 For samples fortified with known amounts of PFOA prior to extraction, use
the followil tion to lato the percent recovery.

Hig o4

Recovery (%) =

[ total analyte found (ng/mL) - Mynfmmdinconml(nn/ml.}]_xmo
analyte sdded (ng/ml)

Pags 6o(7
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143  Use the following equation to convert the amount of PFOA found in ng/mL 1o
peb.
PFOA found (ppb) = vi
. sample volume (mL)
-
Pags Tof 7
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/ 2 ¥ 3058 Research Drive  Phone: 814-272-1039
State College, PA 16801 Fax: 814-231-1580

é RESEARCH

PROTOCOL AMENDMENT
Amendment Number:_t

Effective Date: 01/19/05

Exygen Study Number;_P0001131  Client Study Number:___None
Page 1 of 1

DESCRIPTION OF AMENDED SECTION
1) Analytical Procedure Summary V0001780:Section 9.1

2) Verification of Analytical Procedure

-AMENDED TO
1) Add fo Section 9.1: Section 9.1. 6 Altemate weights of standards may be used to
prepare alternate concentrations of stock solutions as necessary. Alternate levels of
fortification solutions may also be prepared.
2) Low and high spiking levels of the analytes for each matrix may be aitered depending
on sample size available for extraction and/or to cover analyte concentrations expected
in the samples.

RATIONALE

1) Higher concentrations of standards need to be prepared in order to spike the sample
botties at higher levels.
.-"- 2) The sample size available for small mammal liver and serum was smaller than

expected. Spiking at the pre-determined levels in the protocol puts the spiked
concentration lower than the detection limit. Also, the analyte levels in the ground water
samples are expected to greatly exceed the pre-determined spiking levels listed in the
protocol.. When the levels in the samples greatly exceed the spiking levels, an accurate
recovery value cannot be calculated for the QC sample. Higher spiking levels in the
hottles will cover the analyte concentrations expected in the water samples.

IMPACT ON STUDY
The LOQ is 100 ng/g for a 0.1 g sample of small mammal liver and is 1000 ng/mL for a
0.01 mL sample of small mammal serum.
Higher levels of spiking for the water samples will ensure that more QC recovery data
can be used.
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° 3058 Research Drive Phone: 814-272-1039
State College, PA 16801 Fax: 814-231-1580
RESEARCH
PROTOCOL AMENDMENT
Amendment Number: 2 Page 1 of 1
Effective Date: 03/07/05

Exygen Study Number P0001131  Client Study Number: None

DESCRIPTION OF AMENDED SECTION
1) Report, page 11 of 65
2) Test Materials, page 6 of 65: PFOS transition monitored 489 -> 99.

AMENDED TO

1) Instead of one final report, interim reports will be issued.
2) PFOS transition monitored may also be 499 -> 80.

~ RATIONALE
1) Due to the excessive sizes of the data sets, interim reports will be issued to allow the
client to receive data in a timelier saaner Manne™ osfetfos RRX
2) The APt 4000 LC/MS/MS systems detect the 499 -> 80 PFOS transition with greater
sensitivity than the 499 -> 99 transition.

. IMPACT ON STUDY

1) The client will be able to receive and review the data more quickly.

2) The 499 -> 80 transition can be detected with greater sensitivity; therefore, giving
better chromatography.

Study DE&NM b?teallq'lo_é_—
44(4/ i/‘"/f

ncipal Investigator Signature Date
/] Vlk
Stud \Wamem Signature Date
A_og 8-Aun-og
- Exygen Manag nature Date
Wnctd) 9 ‘ 3/wfos
Sponsor Signgtlire (if required) Date =
Exygen QAU Review /06'/05
.\_
LIBRARY 1D: V0001226-8 ADMINISTRATIVE FORM
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JUL.25.2085 ©:56AM  EXYGEN RESEARCH ) N.724  P.3
: :‘ ® 3058 ResearchDrive  Phone: 814-272-1039
A ’ State College, PA 16801  Fax: 814-231-1580
RESEARCH
PROTOCOL AMENDMENT

Amendment Number: 3 Pagatef1

Effective Date: " ___07118/06

Exygen Study Number P1137 Client Study Number: NA

DESCRIFTION OF AMENDED SECTION

Verification of Analytical Procedure, page 10 of protocol.

ANENDEDR TO .
The fleld duplicate can be used for the lsboratary spikes and replicate when the primary
sample volume is limited.

BATIONALE
The sample stre for & water sample s 200 ml. i @ sample she requires re-axtraction for
any reason, there woukl riot be anough of the primary sampie 1o tepeat two lsboratory
spikes and & replicate. The fiefd duplicate is technically the same sample as the primary
sample and therefore, can be used for laboratory spikes and replicates as needed.

' No negative impact on the study, Using the duplicale sample aliows for the full QC of
the sample site to be completed.
_h

Al g AT g

Dato
2~ -48

Date
?f2sfos
Dste

Exygen QAU Review (P g1 W/oa/o8

LIBRARY 1D: V00012268 ADMINISTRATIVE FORM

N

-
- -

et ¢ 17404 b mmae s s ann

Exygen Research Page 102 of 118



Interim Report #26 — Analysis of Groundwater Samples Exygen Study No.: P0001131

' A
11223-2005 04:22p8  From~MESTON SOLUTIONS + T-677  P.003/003 F-713
2T NOV 22,2005 4:5BPM EXYGEN RESEARCH : MR T

* 1039
3038 Research Drive Phone! B14-272-103
State College, PA 16801 Fax; §14-231-15%
RESEARCH

PROTOCOL AMENDMENT 1
Amendment Number: 4 Page 1 of 1 1
Effective Date: 11722005

Exygen Study Number P1131 Client Study Number: NA

DESCRIPYION OF AVENDED SECTION

nalytical Procedure Surpmary: VO0D1780:"Method of Anslysis for the Determination of
:ommmzidd (PFOA) in Water by LO/MS/MS," Section 11,0 of the mathod.

AMENDED T
Seciion 11.0, Samples may be diluted before gaing through the extraction pracedure.

" RATIONALE )
¥ 8 40 mL portion ef will not logd anto the Cya SPE eartridge, a pre-dilution cfn
.| be prepared and extracted.

“TMPAGT.ON STUDY _
No negative impact on the study. Mora usable data may be obtained.
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CHEM EHSR 236 1B 651 733 1958 11/23 '05 14:12 NO.979 03/03
JU4-2993 @5:12 FROM:3M ENV. LAB 651 778 6 . TO: 96517331938 viarq
hmv 22.2005 4:5EPM  EXYGEN RESEARCH NO.514  P.3

3058 Research Drive Phone: 814-272-1039
State College, PA 16801 Fax: 814-231-1580
RESEARCH

PROTOOOL AMENDMENT
Amencment Number. Page 1 ¢f1

Effective Date.
Exygen Study Number #1131 Client Study Number;

'):Lr; A0y I)a i d'}_.(ﬂ

Analytical Procedure Summary: VO001780:"Method of Analysis for the Determination of
Perfiucrococtanoic Ackd (PFOA)thMWWMSIMS.' Section 11.0 of the method.

8action 11.0. Sammples mey be diuted before going through the extraction procedurs.

~ RATONALE
if & 40 mL portion of sample will not load onto the Cy, SPE caririige, a pre-dilution can
| ba prepared and extracted.

" IMPACT ON BTUDY
No negative impact on the study. More usabie data may be obtained.
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3058 Research Drive Phone: 814-272-1039
State College, PA 16801 Fax; 814-231-1580
R £ ﬂ EARCH . )
PROTOCOL AMENDMENT
Amendment Number: - Page 1 of 1
Effective Date: 05/1 7/06 ’
Exygen Study Number P0001131 Client Study Number: NA
ESCRIPTION DED SECTION

Appendlx I Analytlcal Method V0001782

AMENDER TO

_| As per client request, samples in login L4026 ﬂ\a! have been tagged for m—extractlon by
the spansor will be re-extracted using the following mathod:

Direct (njection Method: Before the samples are weighed for the extraction, they are
mixed thoroughly by vigorously shaking the container. A one-gram portion of sediment
is weighed into a 15-milliliter centrifuge tube for the extraction. Ten milliliters of 1%
acetic acid in methanol is added to each sample. The samples are then shaken by
hand, vortexed, and sonicated for thirty minutés. The samples are then centrifuged for
~10 minutes at ~3000 rpm. Each sample is analyzed by LC/MS/MS slectrospray. .

RATIONALE
More usable data will be obtained by using an aitemate mathod.

IMPACT ON SYUDY

No negawmpact on study.
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* 3058 Research Drive  Phone: 814-272-1039
State College, PA 16801 Fax: 814-231-1580

RESEARCH
PROTOCOL AMENDMENT
Amendment Number: 8 Page 1 of 1
Effective Date: 07/06/06
Exygen Study Number P0001131  Client Study Number: NA

DESCRIPTION OF AMENDED SECTION

Appendix |, Analytical Method V0001782.

AMENDED TO

As per client request, sediment samples re-tagged for re-extraction by the sponsor will
be re-extracted using the following method:

Direct Injection Method: Before the samples are weighed for the extraction, they are
mixed thoroughly by vigorously shaking the container. A one-gram portion of sediment
is weighed into a 15-milliliter centrifuge tube for the extraction. Ten milliliters of 1%
acetic acid in methanol is added to each sample. The samples are then shaken by
hand, vortexed, and sonicated for thirty minutes. The samples are then centrifuged for
~10 minutes at ~3000 rpm. Each sample is analyzed by LC/MS/MS electrospray.

RATIONALE
More usable data will be obtained by using an alternate method.
IMPACT ON ST!
No negative impact on study.
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01-08-2007 03:58m  From-MESTON SOLUTIONS + . =021 P.002/005 F-058

®  3038ResearchDrive  Phone: 814-272-1039
State College, PA 16801  Fax: 814-231-1580

RESEARCH
. PROTOCOL AMENDMENT
Amendment Number: 11 Page 1 of 1

Effective Date: 12/21/08 .
Exygen Study Number _ P0001131__ Client Study Number: __ P0001131 .

Protoco! Distribution Section: .
2) John M. Flaherty, Principal investigator, Exygen Research

T

. . - .
2) Charles Simons, Principal investigater, Exygen Research

. —FATIGRALE - ,
John Flaherty retiad and Chas Simons hss taken over John's rcle as Principal
investigator for the study. .

IMPACT QN STURY
No negative impact.
] ¢
i/
ﬁﬁl&—-
=
Sedin)- U
Date
Ja« 8,
b o)
LIBRARY (D: V00012268 ADMINISTRATIVE BORM

RECEIVED TIME JAM. 8.  4:02PM PRINT TIME JAN. B.  4:84PM
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Interim Report #26 - Analysis of Groundwater Samples Exygen Study No.: P0001131

SEP.20.2085 1:52PM EXYGEN RESEARCH NO. 377 P.2

* 3058 Research Orfve  Phone: 814-272-1039
State College, PA 16801  Fax: 814-231-1580

RESEARCH
DEVIATION FORM
Page 10f 1
Qeneral:
X _ Project Specific Devistion ____ Facllity Deviation Date of Occunence: _03/16/05
Exygen Project # : P760/P1131 Deviation # : 11
Client Project # : NA Reference # : 05-122
Reauletery Driver: | Reviation Tyne: (include Vi for methods and SOPs)
cMP Protocal Mathod X _ sopP
X aLpP
Other | Vi 0001658-3
— None Notebook reference:  NA
Sample Description;
Login #: NA Container # : NA Lot#: NA

Summary of Deviation:

This deviation pertains to all safl and sediment samples snalyzed for percant solids before 07/07/05.
a. No blanks or duplicates were run as required by section 8.3.
b. Some sample weights exceed the allowable range (> 10g).

Causs: Preparation Analysis instrument ___ Client Request _X_ Other

|mpact;

Thera has been no negative impact on the study. All of the parcent solic values that were determined
during the time period in question are considered valid, aithough the SOP was not followed. In the
newly revised version of the SOP blanks and duplicatas are no longer required. Also, in the new SOP,
the allowable amount of sample to be used is <20 g. All of the samples In question in this deviation
weighed less than 20 g. The technician analyzing the samples for percent solids was following the
new procedure before it was formally approved,

—

Corrective Acfions:
A new version of the SOP has been issued and approved (V0000427-3).

" Exygen Mafiage

4‘4&/’/ 7 / Wf :h.rswa.r

747 > ” Sponsor Representative Date
ﬁ; 'é% Sponsor Management Dale
LIBRARY ID: V00016408 ADMINISTRATIVE FORM
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Interim Report #26 — Analysis of Groundwater Samples

Exygen Study No.: P0001131

SEP.20.2085 1:S2PM  EXYGEN RESERRCH N0.377 P.3
* 3058 Research Drive  Phanie: 814-272-1039
State College, PA 16801 Fax: 814-231-1580
RESEARCH
DEVIATION FORM
Page 10f1
General:
_X _ Project Specific Deviaton ___ Facility Deviation Date of Occurrence. _06/29/08
Exygen Project # : P760/P1131 Deviation # 272
Client Project # : NA Reference#: 046 ~/33 ,')7;/.9L
Reguiatory Driver: Deviation Tvpg: (include Vit for mathods and 8OPs)
GMP X Protocol Method S0P
X_ GLP . — -
Other Vi NA
——.  Nome Notabaok reference: NA
Samole Descrivtion:
Login #: 1. 4254/1.4258 Container #: C0056480-85 Lot#: NA

samples,

Cause;

Preparation ____

The protocol statas that control and fortified control samples of each matrix will be analyzed; however,
control ciam was not obtained. Fish was usad as the control for the analysis of these six clam

Anglysls _

Instrument ___ Client Request _X_ Other

impact
No negative impact on this study.

e
Deviation Issued.

/W—-— o
éo?’ -
Date - Spnnsor Representative Date
f/.zo/-r e
Date Sponsor Managernent Dats
LIBRARY ID: V0001640-6 ADMINISTRATIVE FORM
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Interim Report #26 — Analysis of Groundwater Samples Exygen Study No.: P0001131

SEP.28.2085  1:52PM EXYGEN RESEARCH NO.377 P.4

* 3058 Research Drive Phone; 814-272-1039
State College, PA 16801  Fax: 814-231-1580

RESEARCH
DEVIATION FORM
0 10f1
——- Pageiofl
X__ Project Specific Deviation Facility Deviation Date of Occurrence: _12/27/04
Exygen Project # : P760/P1131 Deviation # ; 33
mmn
Clisnt Project # : NA Reference#: 05 =/37 4f,
| Regulstory Driver: Deviation Tyne: (include V# for methods and SOFs)
. GMmP Protocot Method X _ sop
X GLP '
— Other Vi#: 202-20 Section 5.2.3
— None Notebook reference: NA
Samplig Pescription:
Login#: NA Container #: NA Lot#: NA

Summary of Devigtion;

SL2114 (30% Dimethyldichtorasilane in Toluene) was given the expiration date of 02/13/08, but
RES544 (Toluene) used to make SL2114 axpired on 03/28/04. SL2114 was used to silanized
glasaware prepered for the fish extraction from 12/27/04 through 01/07/08.

Cause: Preparetion Analysis Instrument Client Request _X  Other

Impagt:
No negative impact on the study. Tolusne was used only as a solvent for the glassware preparation.
Dimethyldichlorosilane, which is the coating agent, was not expired.

e
Deviation Issued.

L Sponsor Representative Date
(e /)\bgalL’\: 7/20/o5 A
Quality Assurance Dats Sponsor Manegement Dste
LIBRARY 1D: V0001640-8 ADMINISTRATIVE FORM

Exygen Research Page 112 0f 118



Interim Report #26 - Analysis of Groundwater Samples Exygen Study No.: P0001131

Q) * 3058 Research Drive ~ Phone: 814-272-1039
State College, PA 16801  Fax: 814-231-1580
L JRES

EARCH
DEVIATION FORM
Pagetol2
Genersl;

X . Projact Specific Deviation ____ Facility Deviation Date of Occurrence: _04/26/08
Exygen Project # : P760/P1131 Deviation # : 5
Client Project # : NA Referenca # : 08-076

Requlatory Driver: Deviation Type: (Include V# for methods and SOPs)
- X__ Protocol Method SOP
X GLP
_____ Ofher Vi NA
——  Hone Notebook reference: NA
Semple Description;
Login#¥: L0008191 Container # : NA Lot#: NA

Summary of atlon:

The three sediment samples in LB191 (C0172882 - C0172884) were originally extracted using the
sediment method V0001782. Poor recoveries were obtained for PFOS, PFOA and C PFOA.
Because of this, the study sponsor requested the use of an allemative extraction for these
compounds, as follows:

Direct Injection Method: Before the samples were welghed for the extraction, they were mixed
thoroughly by vigorously shaking the container. A one-gram portion of sediment was weighed into a
15-miltifiter cantrifuge tube for the extraction. Ten mililiters of 1% acetic acid in methanol was added
to each sample. The samples were then shaken by hand, vortexed, and sonicated for thirty minutes.
The samples were then centrifuged for ~10 minutes st ~3000 ppm. Each sample was analyzed by
L.C/MSIMS electrospray.

Using this method acceptable data was oblained.for PFOS, but the recovaries for PFOA and “'C
PFOA were stiil poor. Another altemative method was then used for PFOA and 13C PFOA, as follows:

Alternative SPE Method: The samples that were prepared in 1% acetic acid for the direct injection
method were used for this extraction. Five mililiters of each sample was aliquoted into a 50-mL
polypropylene centrifuge lube and the volume was taken 10 40 mL with water. The samples were then
centrifuged for ~10 minutes at ~3000 rpm. The supernatent was then loaded onto a Cys SPE cartridge
conditioned with 10 mL of methanat and 5 mL of water. The eluate was discarded. Approximately five
mililiters of methanol was added to the cartridge. Five milliilters of eluaie was collected into a
graduated 15 mL polypropylens centrifuge tube. Each sample was analyzed by LC/MS/MS

Y
Cause: ____ Preparstion Analysis ____ Instrument Ctient Request _ X  Other
Tmpact;
More usable data was obtained.

LIBRARY 10: V0001640-6 ADMINISTRATIVE FORM
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CHEM EHSR 236 1B

651 733 1958
_U-U1+300  03:bie  Froa-WSTON SOLUTIONS

Exygen Study No.: P0001131
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Interim Report #26 — Analysis of Groundwater Samples Exygen Study No.: P0001131

EHS OPNS ENVIRONMENTAL LAB B 651 778 4226 _.97/11/06 "]1,:{»6_. 1104707 No:681

" 3058 Research Drive Phone: 814 . 1039
State College, PA 16801 an swm 1580

RESEARCH B
-",';.f:é‘:ey’mfidn FORM :

i zs 'I = . = e : . -
_X_ Project Spoctﬂc Deviation __- Flclﬂy Dcvluﬂon un ofOocurronoQ _cl_g_/_z_gzgg____~ o
ExyntnPro)od# mnlpmg o bwumw _._!l,l___ s
'Emﬁnmm nmiuﬁ’m ﬂndvdvv#brmwwdsw —
o oM Préiscl  _X_ M-mod ' godt Tt
X oLP i ‘ - G
T oter  |vivoobod2rs '
—— Nane Nofsbook referance: NA
Login #: NA Containeri:"_ coo%’s'_sjuef' Lot#:’

Omsollnmpla (coo15u4s)wuwnlghodd~agfupmmwuduulym mhormnl-zl)g
which s stated in the method. - o ;

c-'é'u': . prasmon Anllvlll lnmmont f cum an._&- °""’ |

No nmtm lmpm. An sccurste pcmni solid numbor was obmnod by sllghuy albrlng e .

?ﬁ/fé / y/fﬂ//ﬁ—— lf-ag/f .za;( [
i - i7 ’ z/oz

*n‘!m .- v".,‘.
N[A

) Spqmor' Managsment
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EMS OPNS ENVIRONMENTAL LAB @ 651 778 4226 70?/11/0,6 1_1:4_6 3 :06/07 No:681

PN 1058 Researchrve  Phone: B1ATTE -
Sat Calleg, P 16301 Fax: BA-2311580

€ RESEARCH
uswmonrom -

X PrdldSpodﬁcDmtInn . Faciity Dvistion DuhofOewrrm M -

ExnonPrdwt# _g_gg_fgng___ a lentbn#
‘Cllent Préject#: NA A ..' ' '_R'mrono-'#: c 39
TR Biviation TR VW for methods and SOPa]

' Pretoco _webes o xsop ]

V#: 1800
Nons Nolstook reforéncs:

Login ¥: _NA : ..Cénhﬁorf:- NA .. L Lot

Peer review of raw dats was not docunmierited pbé SOP V1800 priorto 6/28/08. -

Caise: ___ Preparaton ___ Anatysie “ lnltnmont Clent Roqunl ..L.
m&mwﬂbomm'»somum«yovpiuk;édqi\a}évw-&bbfdr_e';iAln'cpocﬂEn.":f‘ A

SR
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EHS OPNS ENVIRONMENTAL LAB Bes1 778 4226 07/11/06 " 11:46 _‘:07/0.7 NO: 681

®  3ossResearchDrive  Phone: m.z‘n 1039
State College, PA 16801 le 814 231 15!0

- JRESEAR c H
DEVIATION FORM

X Project Spechic Devistion ___ F-dlﬂybwhﬂm .
Exygen Projact #: mnmm{ “ i
| Cilesit Projoct # : NA. - T
mnﬂiﬂm m Tinciade leormmodundsom;
oMP : pm ' ‘Vethod Sa-

— ——— N

m V#. NA
None . Nohbwk referance:

logn#: 10008121 Conlainer # cotmn_' ‘
N ‘L000808T - . CO169354
L C0174088 ;

i v el P " -
Snmplo'l ware filed to 250 mi. Innh'ld.of 200 mL.

cm. X Proparston ___ Andylis mtnmm o
. Samples could not b extiacted according to the protocol, i

Soking Iavels ware adjistad to accommodata the alfernative voima.

smdy,’ oo Sponsor

Cewm e e wemamam . . U R
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01-08-2007  03:5%pm  From=WESTON SOLUTIONS + T-021  P.005/005 F-058

. 3058ResearchDrive  Phane: 814-272-1039
State College, PA 16801 Fax: 814-231-1580

RESEARCH
DRVIATION FORM
Pegototi

Genergl:

X Prajact Specific Deviation Facifty Dsviation Date of Occurrance:  Nov. 2006 -
—_— . —_— : Sdan 2007
Exygen Projoct#: ____P0001131 Devigtion#: 10
Client Praject # : POO01131: Refaronce®: _(17-006.
RasuitoryDriver: | axition Tvpe: (nchvde VP for methods end 5GP%)

— GumP — . Protoool X_ Method SoP

X_ GLP : - ;

— Ottver v V0001780

Containes # : Lot#:

UBRARY 10: VOO21640-7
RECEIVED TIME  JAN.

Exygen Research

ADMINISTRATIVE FORM

8. 4:02PM . PRINT TIME JAN. 8. 4:04PM
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