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GOOD LABORATORY PRACTICE COMPLIANCE STATEMENT

Exygen Study Number 023-082, entitled “Analysis of Pooled Human Sera and Plasma
and Monkey Sera for Fluorocarbons Using Exygen Method ExM-023-071,” conducted
for 3M Environmental Laboratory, was performed in compliance with OECD Good
Laboratory Practice Standards (as revised in 1997), ENV/MC/CHEM(98)17 by Exygen
Research, with the following exceptions:

1. & 8.3 (5): The computerized system of data generation did not provide for the
retention of a full audit trail to show all changes or to associate all changes to data
to a timed and dated electronic signature.

2. £ 6.2 (4): The stability of the test items under storage or the study test conditions
was not known. Also the purity of C6 acid and THPFOS was not known.

3. £ 5.2 (3): The date of receipt of for the calf serum sample ID 0204718 was not
documented.

4. £1.2.2 (g): The instrument used for the analysis has not been qualified.

s/ P Deskod 30k
Eéﬁ/ly‘R. (ﬁcker Date
Study Diretlor
Exygen Research
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William K. Reagan, Ph.D. Date
Sponsor Representative
3M Environmental
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QUALITY ASSURANCE STATEMENT

The Quality Assurance Unit of Exygen Research reviewed Exygen Study Number 023-
082 entitled, “Analysis of Pooled Human Sera and Plasma and Monkey Sera for
Fluorocarbons Using Exygen Method ExM-023-071.” All phases were reviewed 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 Study Director and to management,

Date Reported to

Date Date Reported to Exygen Date Reported to
Phase Inspected Study Director Management Sponsor
1. Protocol Review 10/10/02 10/14/02 10/30/02 10/30/02
2. Extraction, 10/15/02 10/25/02 10/25/02 10/30/02
Fortification
3. Raw Data, Draft 10/25-28/02 10/25/02 10/30/02 10/30/02
Report Review
4. Final Report 10/30/02 10/30/02 10/30/02 10/30/02
Review
A P M 10/ 30] e,
Naomi Lovallo Date
Technical Lead-QA
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CERTIFICATION OF AUTHENTICITY

This report, for Exygen Study Number 023-082, is a true and complete representation of
the raw data for the study.

Submitted by: Exygen Research
3058 Research Drive
State College, PA 16801
(814) 272-1039

Study Director, Exygen

,fé1342ﬁkka/ ofzcls

E&ﬁ'ly R. Pecker Date
Scientist
Exygen Research

Exygen Research Facility Management:

Q%{A%éééé?%d g s

_~John M. Flaherty Date
Vice President
Exygen Research
Sponsor Study Monitor, 3M: .
%W - 6,/ G Ao
William K. Reagan, Ph.D. Date

3M Environmental
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PROJECT PERSONNEL

The Study Director for this project at Exygen Research was Emily R. Decker. The
following personnel from Exygen Research were associated with various phases of the
study:

Name Title
Paul Connolly Technical Leader-LC/MS
Emily Decker Scientist
Xiaoming Zhu Technician
Rickey Keller Sample Custodian
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1.0 SUMMARY

Exygen Research conducted a quantitative screening on various human serum, human
plasma, and monkey serum samples for the determination of perfluorcoctane sulfonate
(PFOS), perfluorohexanoate (C6), perfluoroheptanocate (C7), pentadecafluorooctanocate
(CB), heptadecafluorononanoate acid (C9), nonadecafluorodecancate (C10),
perfluoroundecancate (C11), perfluorododecancate (C12), tetrahydroperfluorooctane
sulfonate (THPFOS), and tetrahydroperfluorodecane sulfonate (THPFDS) according to
protocol ExP-023-082 (Appendix A). This screening was performed on an instrument
that had not been used for routine fluorochemical analysis prior to this study. The
method used for this study has not been validated at the levels reported for C8 and PFOS
and not validated at any level for the other anions. These levels were completely
dependent on instrument sensitivity.

Recoveries for fortified samples are given in Tables I-III. Residues of each anion in
human serum are summarized in Table IV. Residues of each anion in human plasma are
summarized in Table V. Residues of each anion in monkey serum are summarized in
Table VL

2.0 OBJECTIVE

The objective of this study was to screen human serum, human plasma, and monkey
serum samples and quantitate to the lowest possible level according to instrument
sensitivity.

3.0 INTRODUCTION

This report details the results of the analysis for perfluorooctane sulfonate (PFOS),
perfluorohexanoate (C6), perfluoroheptanoate (C7), pentadecafluorooctancate (CR),
heptadecafluorononancate (C9), nonadecafluorodecanoate (C10), perfluoroundecanoate
(C11), perfluorododecanoate (C12), tetrahydroperfluorooctane sulfonate (THPFQOS), and
tetrahydroperfluorodecane sulfonate (THPFDS) in human serum, human plasma, and
monkey serum samples.

The study was initiated on October 09, 2002, when the study director signed study plan

number ExP-023-082. The experimental start date was October 15, 2002, and the
experimental termination date was October 23, 2002,

4.0 TEST SYSTEM

Pooled human serum samples were purchased by the sponsor from Sigma-Aldrich,
Milwaukee, WI, Lampire Biological Laboratories, Pipersville, PA, Bioresource

Exygen Research. Page 11 of 111
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Technology, Inc., Fort Lauderdale, FL, and Golden West Biologicals, Temecula, CA.
Pooled monkey serum samples were purchased by the sponsor from Lampire Biological
Laboratories, Pipersville, PA. Pooled human plasma sampies were purchased by the
sponsor from Lampire Biological Laboratories, Pipersville, PA, Bioresource Technology,
Inc., Fort Lauderdale, FL, Golden West Biologicals, Temecula, CA, and Innovative
Research, Inc. Southield, MI. In addition, blank matrix consisting of pooled human
plasma collected in rural China was provided by the sponsor. Also, calf serum was
purchased from Sigma-Aldrich by Exygen.

Exgyen ID Spensor [D Matrix Source
0203963 Lot 020821 Human Serum BioResource
0203964 Lot 22K0965 Human Serum Sigma-Aldrich
0203965 Lot G0140604 Human Serurn Golden West Biologicals
0204292 X328-A Human Serum Lampire
0204334 TCR-684 Human Plasma Golden West Biologicals
0204335 TN-A-06332 Monkey Serum Lampire
(0204450 TCR-674 Human Plasma 3M (plasma from rural China)
0204991 TN-A-6337 Human Plasma Lampire
0204452 TN-A-06333 Monkey Serum Lampire
0204493 TN-A-06336 Monkey Serum Lampire
0204718 NA Bovine (Calf Serum) Sigma-Aldrich
0204747 TCR-683 Human Plasma Innovative Research

Samples were received frozen on dry ice and then placed in frozen storage { €-10°C) until
samples were logged in by Exygen personnel. All records conceming sample receipt,
processing and storage can be found in the raw data package associated with this study.

5.0 TEST ITEMS

The analytical standards PFOS, C6, C7, C8, C9, C10, C11, C12, THPFOS, and THPFDS
were received at Exygen on September 30, 2002 from 3M Environmental Technology and
Services. The available information for the reference material is listed below. The
reference material was stored frozen.

Compound Exvgen Inventory No. Lot No. Purity (%) Expiration Date
PHAA (C6) SPO002086 NB 117735-32 TBD 01/0t/10
TDHA (C7) SP0002091 PU/O7219EU 99.5 01/01/05
PFOA (C8) SP0002087 210002 »97 07/19/07
PFNA (C9) SP0002085 H7568 >99 07/19/07
Cl10 SP0002090 R11K . 98 12/01/10
Cl11 SP0002093 ULlIN >99 07/19/07
C12 SPO002089 R24K 96 12/01/10
PFOS SP0002084 217 86.9 08/31/06
THPFOS SP0002088 Q7591 Unknown 06/07/05
THPFDS SP0002092 PMR-269-83 94.7 08/22/12
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The molecular structures of the anions are given below.

Name: PFOS
Chemical Name: Perfluorooctanesulfonate
Molecular Weight: 499, as shown

F _F _F _F
F | F | F | F

Name: Co
Chemical Name: Perfluorchexanoate
Molecular Weight: 313, as shown

F F 0
F | F

Name: C7
Chemical Name: Perfluoroheptanoate
Molecular Weight: 363, as shown

Name: C8
Chemical Name: Pentadecafluorooctanoate
Molecular Weight: 413, as shown

Exygen Research. Page 13 of 111
000330



Exygen Study No.: 023-082

Name: C9
Chemical Name: Heptadecafluorononanoate
Molecular Weight: 463, as shown

Name: C10
Chemical Name: Nonadecafluorodecanoate
Molecular Weight: 513, as shown

Name: Cl11
Chemical Name: Perfluoroundecanoate
Molecular Weight: 563, as shown

Name: C12
Chemical Name: Perfluorodedecanoate
Molecular Weight: 613, as shown

Exygen Research. Page 14 of 111
000331



Exygen Study No.: 023-082

Name: THPFOS
Chemical Name: Tetrahydroperfluorooctane suifonate
Molecular Weight: 427, as shown

F F _F _H
F | F | F | H

Name: THPFDS
Chemical Name: Tetrahydroperfluorodecane sulfonate
Molecular Weight: 527, as shown

6.0 DESCRIPTION OF ANALYTICAL METHOD

Analytical method entitled “Method of Analysis for the Determination of
Perfluorchexanesulfonate (PFHS), Perfluorcoctanesulfonate (PFOS) and
Pentadecafluorooctanoic Acid (PFOA) in Rat Liver, Serum and Urine’” was used for this
study. For this study, several modifications were made and have been documented in the
protocol/protocol deviations.

6.1 Extraction Procedure

a. Measure 2 mL of serum sample into a 15 mL disposable centrifuge
tube and fortify, if appropriate.

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

c. Centrifuge tubes at ~3000 rpm for ~ 5 minutes. Carefully decant
supernatant into a 50 mL disposable centrifuge tube and add 35 mL of
water.

d. Load the sample onto a conditioned SPE column. Discard the eluate.
Any analyte residues will be trapped on the SPE column at this point.

e. Elute with 5 mL of methanol and then evaporate to less than 1 mlL
using a nitrogen evaporator. Bring final volume up to 1 mL with
methanol.

f. Analyze samples using electrospray LC/MS/MS.

The volume of sample used and the volume of methanol used for elution were different
than those cited in the method. This was done to allow for lower quantification limits for
the anions in this study.

Exygen Research. Page 15 of 111
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6.2 Preparation of Standards and Fortification Solutions

Individual stock solutions of all of the anions were prepared on October 02, 2002, as
specified in method ExM-023-071. The stock standard solutions were prepared at a
concentration of ~ 100 pg/mL by dissolving ~10 mg of the standard (corrected for purity
and salt cortent when appropriate) in methanol.

From these solutions, a 1.0 pg/ml. mixed fortification standard solution was prepared by
transferring the appropriate volume (~0.4 - 1 mL) of each of the stock solutions into a
100-mL volumetric flask and bringing the volume up to the mark with methanol.

The 0.1 pg/mL mixed fortification standard was prepared by transferring 10 mL of the 1.0
pg/mL mixed fortification standard into a volumetric flask and bringing the volume up to
100 mL with methanol.

A set of calibration standards were prepared by dilution in the following manner:

Initial Conc. (ng/mL) Volume (mL) Diluted to (ml.) Final Conc. (ng/mL)

100 1 10 10.0
100 0.5 10 5.0
100 0.2 10 2.0
100 0.1 10 1.0
5.0 1 10 0.5
2.0 1 10 0.2
1.0 1 10 0.1

The stock standard solutions and all fortification and calibration standard solutions were
stored in a refrigerator (6° + 2°C) when not in use.

6.3 Chromatography

Quantification was accomplished by electrospray LC/MS/MS analysis. An API 4000
Sciex system was used in this study because of its greater sensitivity and also because it
had not been used for fluorochemical analysis prior to this study. Peaks were detected in
the control matrices corresponding to some of the target anions, especially for C8,

6.4 Instrument Sensitivity

The smallest standard amount injected during the chromatographic run had a
concentration of 0.1 ng/mL., which corresponds to a concentration of 0.05 ng/mL (ppb) in
the extracted samples. Residues were calculated below this level where the response of
the anion was approximately three times the signal to noise ratio. The results were
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reported as Not Detected (ND) if the response was approximately less than three times
the signal to noise ratio and Not Quantifiable (NQ) was used for negative results. All
other responses were reported.

6.5 Description of Instrument and Operating Conditions

Instrument; PE SCIEX API 4000 Biomolecular Mass Analyzer, (LC/MS/MS #8)
SCIEX Turbo Ion Spray Liquid Introduction Interface
Turbo Ion spray temperature = 350 °C
Auxiliary gas flow = ~ 7.0 L/min
Harvard Infusion Pump

Computer: Dell OptiPlex GX 110
Software: PE Sciex Analyst 1.2
HPLC Equipment: Hewlett Packard (HP) Series 1100
HP Quat Pump HP Vacuum Degasser
HP Autosampler HP Column Oven
HPLC Column: Genesis C-8, Scm x 2.1 mmi.d. x 4 u (Exygen ID: 71A)

(JONESCHROMATOGRAPHY: Part No. FK5962E)
Column Temperature: 35°C
Mobile Phase (A) : 2 mM Ammonium Acetate in Type | Water
Mobile Phase (B) : Methanol

Time (min} % A % B Flow Rate (ml/min)
0.0 90.0 10.0 0.3
. 2.0 90.0 10.0 0.3
5.0 10.0 90.0 0.3
9.0 10.0 0.0 0.3
9.5 0.0 100.0 0.3
14.0 0.0 100.0 0.3
14.5 90.0 10.G 0.3
20.0 90.0 10.0 0.3
Injected Volume: 15uL “

Jons monitored :
Anion Parent ion Daughterion Dwell (secs) Declustering Potential Collision Energy

Co 313 269 0.1 -20 -10
C7 363 319 0.1 20 -10
C8 413 369 01 -20 -10
C9 463 419 0.1 -20 -10
C10 513 469 0.1 -20 -10
C11 563 519 0.1 -20 -10
~ Ci12 613 569 0.1 -20 -10
PEOS 499 80 a.1 -85 -80
THPFOS 427 &1 0.1 -635 -60
THPFDS 527 81 0.1 -15 -66
- Exygen Research. Page 17 of 111
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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 weighted
linear regression) by Analyst software using seven concentrations of standards prepared
in methanol. The residue concentration for the samples was determined from the
following equations:

Use Equation 1 to calculate the amount of anion found (in ng/mL, based on peak area)
using the standard curve (1/x weighted linear regression parameters) generated by the
Analyst software program.

Equation 1:

Analyte found (ng/ml.) = (peak area - intercept)
stope

Use Equation 2 to calculate the amount of analyte found (in ppb)

Equation 2:

Analyte found (ppb = ng/mL) = (analyte found (ng/ml) x FV (mL.) x DF
sample volume {mlL.)

FV = final volume
DF = dilution factor

For samples fortified with known amounts of analyte prior to extraction, use Equation 3
to calculate the percent recovery (ppb = ng/mL)

Equation 3:

Recovery (%) =

[ total analyte found (ppb) - analyte found in control or sample (ppb)]
analyte added (ppb)

x 100

Note: Any analyte found in the control was subtracted from analyte found.
However, the response for the samptle duplicate was not used.
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An example of a calculation using an actual sample follows:

Human Serum Sample, Exygen ID 0204491 Spk J (Data Set: 101702A), fortified with 0.5
ng/mL (calculation is using values for C6):

Where:
peak area = 54636
intercept = 632.277
slope = 59435.9
dilution factor = 1
ng/mL added (fort level) = 0.5 ng/mL
avg. amt in controls = 0 (Not detected)
final volume = 1mL
sample volume = 2mL

From equation 1:

Analyte found (ng/mL) = [54636— 632.2771
59435.9
= (0.9 ng/mL
From equation 2:
Analyte found (ppb) = 0.9 ng/ml. x 1 mL
2mL
= 0.45 ppb (ng/mL)

From equation 3:

(0.45 ng/ml — 0 ng/ml) x 100
0.5 ng/mL

% Recovery

= 90%

Note: This example calculation was done using rounded numbers, and therefore
may be slightly different from the values shown in the raw data.

Exygen Research. Page 19 of 111

000336



Exygen Study No.: $23-082

7.0 EXPERIMENTAL DESIGN

For the screening of each sample, duplicate extractions were performed. Also, each
sample was fortified at 0.5 ng/mL and 5.0 ng/mL and then taken through the extraction
procedure. Two calibration curves were also taken through the extraction procedure, one
using calf serum and one using human plasma. These were treated as quality control
fortifications in the data set and were not used for the calibration curve. Since there was
residue detected in the samples for THPFOS and THPFDS, an additional analysis in
which a three-daughter ion confirmation was performed.

8.0 RESULTS

There was no significant residue detected in the reagent blank analyzed with these
samples. Also, there was no carry-over present for any of the anions in the instrument
blanks (methanol washes) analyzed in the analytical sets, except for C8 and C9, and this
is most likely contributed to those analytes being present in the instrumental system,
particularly in the mobile phase. This is especially evident with the absence of the anions
{except for C8 and C9) in the methanol wash analyzed after the injection of the 10 ng/mL
calibration standard. All fortifications were at a level equal to or less than the 10 ng/ml
standard. Since there was no carry-over observed after the injection of this standard, the
carry-over  present  after  proceeding  injections would be  minimal.
A representative chromatogram of a standard prepared in methanol can be found in
Figure 1.

Recoveries for fortified samples are given in Tables I-IIl. Recoveries outside the
suggested range of 70% to 130% were reported, however this method has not been
validated at these low levels and some of the recoveries were outside of this range
because the level of residue in the sample was significantly greater than the amount
fortified, especially for C8 and PFOS. Example chromatograms of fortified samples are
shown in Figure 2.

Residues of each anion in human serum are summarized in Table IV. Residues of each
anion in human plasma are summarized in 'Table V. Residues of each anicn in monkey
serumn are summarized in Table VI. Example chromatograms of a human plasma sample
are given in Figure 3. The detection of THPFDS in some of the samples warranted
further investigation. The presence of THPFOS and THPFDS was confirmed with a re-
analysis with additional daughter ion confirmation. A chromatogram detailing the three
daughter ion confirmation of THPFDS is given in Figure 4.
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9.0 CONCLUSIONS

The quantitative screening of these serum and plasma samples produced levels of certain
analytes at extremely low levels (< 100 ppt). These levels are based solely on the
instrument sensitivity and not the method recovery. The results contained in this report
should be evaluated as a quantitative screening. Contamination of these samples due to
instrument conditions is very limited because the instrument used for the analyses had
never been used for routine fluorochemical analysis prior to the initiation of this study.
No carry-over was observed throughout the injections of the analytical sets, which was
demonstrated with the absence of the target analytes in the methanol washes analyzed
after the injection of the highest level of calibration standard (10 ng/mL).

Two people took a set of 64 samples through the sample preparation procedure in
approximately 10 hours and the analysis by LC/MS/MS took approximately 48 hours.

10.0 CIRCUMSTANCES THAT MAY HAVE AFFECTED THE DATA

The method used in this study has not been validated for C8 and PFOS at the levels given
in this report and at any level for the rest of the anions. Residues were reported lower
than the lowest calibration standard.

11.0 RETENTION OF DATA AND SAMPLES

When the final report is complete, all original paper data generated by Exygen Research
will be shipped to the sponsor. This does not include facility-specific raw data such as
instrument 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 archives
of Exygen Research for the lifetime of the product. Sponsor permission will be obtained
before discarding.
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TABLES
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Table I Summary of Recoveries for Calibration Curve in Calf
Serum Compared to Standards in Methanol

% Recovery
Fort Level

Samnple ID Sponsor ID (na!mL) Co C7 C8 C9 Cl10 Cll Cl2 PFOS THPFOS THPFDS
XC101702-0 NA 0.0 -q - - - - - - e - -
XC101702-1 NA 0.2 85 11207 163 | 15111551 96 | 87 e 148 140
XC101702-2 NA 0.5 98 |111]127 | 132 | 135 [ 110111 | ** 159 144
XC101702-3 NA 1.0 SO [1131109| 1241 112 | 111|116 ** 141 120
XC101702-4 NA 1.5 1021131121127 121 120 121 *on 157 138
XC101702.5 NaA 20 102{108| 117|122 115 | 109 | 110 | ** 152 129
XCl01702-6 NA 2.5 97 199 1 111|107 103 98 | 98 b 141 122
XC101702-7 NA 3.0 95197 1109/ 1081104 [ 106} 105 | *+ 141 124
AVG: 96 109 122 124 121 107 107  ** 148 131
STANDARD DEVIATION: 6.2 82 19.1 150 186 82 115  »» 7.8 9.6
RELATIVE STANDARD DEVIATION: 6.5 7.5 15.6 12.1 154 7.6 10.7 »* 52 7.3

TableII  Summary of Recoveries for Calibration Curve in Human
Plasma Compared to Standards in Methanol

% Recovery
Fort Level
Sample ID SpousorID _ (ng/ml) €6 €7 C8 €9 Cl10 Cll Cl2 PFOS THPFOS THPFDS
XC101502-8 | TCR-674 0.0 -] - - - - - - X - -
XC101502-9 | TCR-674 0.2 90 [120| 126 | 86 | 33 [115{109| ** 142 133
XC101502-10| TCR-674 0.5 87 121|146 115] 84 [ 132|114 | =+ 160 142
XC101502-11] TCR-674 1.0 96 (113|121} 104 90 | 110 | 108 | ** 151 123
XCl101502-13| TCR-674 20 1071114 1291 107 1 1121141120 ** 150 137
XC101502-15] TCR-674 5.0 Q5197 |106] 97 ; 98 1101|104 | ** 127 113
AVG: 93 113 126 102 81 114 111 »* 146 130
STANDARD DEVIATION: 10.2 9.6 144 109 292 113 6.2 ok 124 11.6
RELATIVE STANDARD DEVIATION: 109 8.5 11.5 10.7 358 99 5.6 ** 8.5 9.0

** Recovery not applicable because the residues detected in sample were significantly
greater than the amount fortified.
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Table III  Summary of Recoveries for Laboratory Fortified Matrix
Spikes
Calf Serum
% Recovery
Fort Level
Sample ID Sponsor ID  (ng/iml) C6 C7 C8 C9 Cl10 Cll Cl12 PFOS THPFOS THPFDS
0204718 Spk A NA 0.5 98 | 110(99| 126 115 95 | 105 *k 144 126
0204718 Spk B NA 5.0 84 | 85 192 97| 95 | 96 | 100 ¥k 118 108
AVG: 91 98 96 112 105 96 103 L i3l 117
STANDARD DEVIATION: 9.9 17.7 49 205 14.1 0.7 3.5 * 18.4 12.7
RELATIVE STANDARD DEVIATION: 10.9 18.1 52 184 135 07 34 *x 14.0 10,9
Human Serum
% Recovery
Fort Level
Sample ID Sponsor ID (ng/ml) C6 C7 C8 C9 Cl10 Cll CIl2 PFOS THPFOS THPFDS
0203963 Spk C| Lot 020821 0.5 1141142 123 113312411511 160 ** 228 198
0203964 Spk D| Lot 22K0965 Q.5 44 | 92 | 144 | 91 | 96 1 110|107 | ** 133 117
0203965 Spk E | Lot GO140604 0.5 53 1120 376 1153 | 1181139132 | ** 265 149
0204292 Spk F X328-A 0.5 94 | 125 380 {188 | 1201128131 | ** 182 149
0203963 Spk M| Lot 020821 50 1061121 164 | 146|131 1371134 ** 321 168
0203964 Spk N| Lot 22K0965 5.0 T6 | 91 106 |98 97 1071113 103 118 109
0203565 Spk O Lot G0O140604 5.0 88 [109 158 | 119 110117115 ** 198 121
0204292 Spk P X328-A 5.0 38 1 98 [ 128 11051 103|101 | 109 | *=* 116 113
AVG: 83 111 197 129 114 124 125  ** 195 141
STANDARD DEVIATION: 24,3 17.6 113.1 326 140 177 17.8 ** 737 _31.4
RELATIVE STANDARD DEVIATION: 20.3 159 57.3 253 124 143 142 ** 31.8 223

¥

** Recovery not applicable because the residues detected in sample were significantly
greater than the amount fortified.
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Table III (cont’) Summary of Recoveries for Laboratory Fortified

Matrix Spikes
Human Plasma
% Recovery
Fort Level
Sample ID Sponsor [ID (nﬁ/mL) Cé6 C7 (C8 (€9 Cl0 Cll C12 PFOS THPFOS THPFDS

0204334 Spk H | TCR-684 0.5 69 | 04 1 211 11521107 93 | 103 ** 122 113
(204490 Spk J TCR-674 0.5 T8 781 73 | 84 |90 | 91 | 05 | ** 107 102
0204491 Spk ] | TN-A-6337 0.5 91 | 97 | 168 (140110} 91 | 93 ; *= 113 116
0204747 Spk G | TCR-683 0.5 BO | 124 | 406 | 182|143 132|120 *= 159 146
0204334 Spk R TCR-684 5.0 06 (100 | 131 (1101110 98 | 100 | ** 114 112
0204490 Spk U ;| TCR-674 50 86 [ 85 ] 92 |90 192|921 96| 65 109 102
0204491 Spk T | TN-A-6337 5.0 97 196 | 109 {101 | 95 | 86 | BR | *= 113 106
0204747 Spk Q TCR-683 5.0 82 | 85| 106 | 92 | 90 | 83 | B3 | #** 111 94

AVG: 86 95 162 119 105 96 97  #» 119 111

STANDARD DEVIATION: 9.4 13.9 108.0 353 17.8 153 11.1 ** 17.0 15.7
RELATIVE STANDARD DEVIATION: 11.0 14.7 66.7 29.7 17.0 16.0 [1.4 ** 143 14.1

Monkey Serum

% Recovery
Fort Level

Sample [D Sponsor ID (ng/mL) C6 C7 C8 (C9 CI0 Clt Ci2 PFOS THPFOS THPFDS
0204335 Spk I | TN-A-06332 0.5 10691 | 68 | 52 | 88 | 85 ; 95 | *» 114 129
0204492 Spk K | TN-A-06333 0.5 122 1112] 129 134 | 117 | 129|125 | =** 162 155
0204493 Spk L | TN-A-06336 0.5 123 (98| 97 | 102|115 93 | 94 | ** 132 120
0204335 Spk § | TN-A-06332 5.0 100193 97 | 107 ! 108 105|100 *=* 107 104
0204492 Spk U | TN-A-06333 50 B8 |85 [100| 94 | 97 | 93 | 101} ** 124 116
0204493 Spk V | TN-A-06336 5.0 115100116 1114 | 109 | 106[ 107 | ~** 141 120
AVG: 109 97 106 101 106 102 105  *=* 130 124
STANDARD DEVIATION: 13.7 9.3 206 274 11.1 155 11.5 ** 19.8 17.2
RELATIVE STANDARD DEVIATION: 12.5 9.6 204 27.2 10.5 15.2 10.6  # 15.3 139

** Recovery not applicable because the residues detected in sample were significantly
greater than the amount fortified.
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Table IV ~ Summary of Residues for Human Serum Samples

Amount Found (ng/mL.}

Sample ID Sponsor ID C6 C7 C8 C& Cl10 (1l Cl2 PFOS THPFQS THPFDS

0203963 Lot 020821 {0.0261] ND [2.85|0.683;0.228; 0.371 {0.0333| 32.0 ND 0.0743
0203963 Dup| Lot 020821 ND | ND |2.93|0.684] 0.22 | 0.373 (0.0282]| 33.3 ND 0.0599

0203964 Lot 22K0965 | ND [(0.0940|1.45(0.307|0.107(0.094210.0122| 8.64 ND 0.0402
0203964 Dup{ Lot 22K0965 | ND [0.0976[1.45/0.276/0.108| 0.115 (0.0172] 8.95 ND 0.0412

0203965 | Lot GG140604 (0.0687) 0.145 15.93|0.508(0.214| 0.207 |0.0199 29.7 | 0.0440 | 0.0846
0203965 Dup| Lot GO140604 (0.0884 ] 0.170 j6.00[{0.557(0.204] 0.236 [0.0184| 29.3 | 0.0436 | 0.0944

0204292 X328-A ND {0.115|3.58/0.63410.189( 0.137 [0.0169| 16.6 | 0.0221 | 0.0791
0204292 Dup X328-A ND | 0.12 }4.21|0.772{0.221] 0.149 {0.0490| 20.6 | 0.0394 | 0.0946
Table V' Summary of Residues for Human Plasma Samples

Amount Found {ng/mL)

Sample ID  Sponsor I C6 C7 C8 C9 Ci0  Cll Ci2 PFOS THPFOS THPFDS

0204334 TCR-684 § ND | 0.0925| 2.57 | 0.174 | 0.108 [0.0797) ND | 14.8 | 0.0140 | 0.0539
0204334 Dup| TCR-684 | NI ; 0.0875( 2.64 | 0.198 | 0.120 {0.0695! ND | 149 | ND 0.0609

0204490 TCR-674 | ND | ND |0.0887] NQ {0.02520.0458) ND | 4.78 | 0.0115 ND
0204490 Dup; TCR-674 | ND | ND ([0.130| NQ |0.0167 |0.0357| ND |4.84| ND ND

0204491 | TN-A-6337| ND | ND | 2.23 | 0.166 | 0.0840 (0.0501| ND [ t1.4] ND {00252
0204491 Dup| TN-A-6337 | ND (0.0309 ; 2,38 | 0.208 | 0.0958 ]0.0346; ND | 12.6| ND ND

6204747 TCR-683 | ND | 0.0897 | 2.09 | 0.287 | 0.121 [0.105 | ND | 14.1 | 0.0193 | 0.0843
0204747 Dup| TCR-683 | ND [ 0.0876; 2.92 | 0416 | 0.163 | 0.178 | ND | 19.4 | 0.0292 | 0.109
Table VI  Summary of Residues for Monkey Serum Samples

Amount Found (ng/mL)  ©

SampleID  SponsorID C6 C7 C8 (C9 Cl0 Cl1 €12 PFOS THPFOS THPFDS

0204335 |TN-A-06332) ND | ND | 1.25| 3.24 { 0.286 | 0.540 |0.0363| 17.2 ND 0.0141
0204335 Dup{TN-A-06332) ND | ND | 1.72 | 4.37 { 0.396 | 0.650 {0.0464| 22.4 ND ND

0204492 [TN-A-00333| ND | ND | NQ | NQ 1 0.103 [ 0.137| ND | 165 ND 0.0130
0204492 Dup|TN-A-06333] ND | ND | NQ | NQ [0.08380{0.114 | ND | 16.4 ND ND

0204493 [TN-A-0633¢) ND | ND | NQ | NQ | ND [0.0939/0.0227| 14.8 ND ND
0204493 Dup|TN-A-06336) ND | ND | NOQ | NQ | ND {0.106 |0.0321] 18.1 ND ND
ND = Not Detected
NQ = Not Quantifiable (negative residue calculated)
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FIGURES
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Figure 1 (cont)
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Figure 1 (cont)
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Figure 1 (cont) Chromatogram Representing 0.1 ng/mL Calibration
Standard
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Exygen Study No.: 023-082

Figure 2  Chromatogram Representing a Fortified Human Plasma
Sample at 0.5 ppb (Exygen ID: 0204490 Spk J, Sponsor ID:
TCR-674)
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Exygen Study No.: 023-082

Figure 2 (cont’) Chromatogram Representing a Fortified Human
Plasma Sample at 0.5 ppb
(Exygen ID: 0204490 Spk J, Sponsor ID: TCR-674)
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Exygen Study No.: 023-082

Figure 2 (cont’) Chromatogram Representing a Fortified Human
Plasma Sample at 0.5 ppb
(Exygen ID: 0204490 Spk J, Sponsor ID: TCR-674)
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Exygen Study No.: 023-082

Figure 2 (cont’) Chromatogram Representing a Fortified Human
Plasma Sample at 0.5 ppb
(Exygen ID: 0204490 Spk J, Sponsor ID: TCR-674)
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Figure 3
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Figure 3 (cont’)
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Exygen Study No.: 023-082

Figure 3 (cont’) Chromatogram Representing a Human Plasma
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Exygen Study No.: 023-082

Figure 3 (cont’) Chromatogram Representing a Human Plasma
Sample (Exygen ID: 0204490, Sponsor ID: TCR-674)
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- Exygen Study No.: 023-082
L -
Figure4 Chromatogram Representing a Sample Analyzed for Three
Daughters for THPFDS
(Exygh en ID: 0204292 Dup, Sponsor ID: X328-A).
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APPENDIX A

Exygen Study Plan
ExP-023-082
(Exygen Study No. 023-082)
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Exygen Study No.: 023-082

Study Plan; ExP-023-082
Exygen Study No.: 023-082

STUDY PLAN
Study Title:

Analysis of Pooled Human Sera and Plasma and Monkey Sera
for Fluorocarbons Using Exygen Method ExM-023-071

Study Plan Number: ExP-023-082

Exygen Study Number: 023-082

i : Study Sponsor;
Exygen Research 3M Environmental Laboratory
3058 Research Drive Building 2-3E-09
State College, PA 16801 St. Paul, MN 55133-3331

Phone: (814) 272-1039 Phone: (651) 778-6565

Page ! of 59
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Exygen Study No.: §23-082

Study Plan: ExP-023-082
Exygen Study No.: 023-082

1) Emily R. Decker, Study Director, Exygen Ressarch

2) William K. Reagen, Sponsor Study Monitor, 3M

3) Exygen Research Quality Assurance Unit

Exygen Research. 000360
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Exygen Study No.: 023-082

Study Plan: ExP-023-082
Exygen Study No.: 023-082

Study Title: Analysis of Pooled Human Sera and Plasma and Monkey Sera for
Fluorocarbons Using Exygen Method ExM-023-071

Study Plan Number; ExP-023-082
Exygen Study Number: 023-082

This study plan was andited by the Quality Assurance Unit of Exygen Research.

Uu{,n.,.‘. Q-Mu/ (.0{ { '{/ 2
Naomi Lovallo Date
Technical Lead-QA
APPROVALS
/S«DQQ Lecker fafoz
Decker, Study Director "Date
Exygen
w At /oo

ohn Flaherty, Vice Président, Facility Management Date
Exygen "
William Reagen, Spensor Study Monitor Date
M

Page 3 of 59
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Exygen Study No.: 023-082

12-@89/.82 14:26 ASD INF TECH 2-26-81 + «B8142311580 NDL215  Pee2

g ; .

] i :

i . : .. .
i . 5 . Srody Plare: ExP-(23-082

b ; Exygen Smdy No.: 023-082

g ! Sihdy Title: Apalysiz of Pooled Human Sers and Plasma and Morkey Sera for
S Fluarocarbons Using Exygen Method ExM-023-071

RN ' 1.} SuutyPlan Number: ExP-023-082

e Exygen Study Number: 023-082

A
: ! 'E_Il
1, R . : _
o " s study plan was ancited by the Quality Assurance Unit of Exygen Rescarch.
{0
q D i MemiLovallo - S
3__ : JL ical Lead-QA
, g
. ' ' :;:.?'
i
- . Date
‘ 10/ 05 o>
Date
; -
v oo
i . Page 3 of 59

N
|
i

B S Dt ol I

S e e

N S e

N [N X
"TTURECEIVED TIME  OCT. 9. 4:13PM PRINT TIME ©CT. 9. 4i{14PM
Exygern'Research. Page 45 of 111

0N0362



Exygen Study No.: 023-082

Study Plan: ExP-023-082
Exygen Study No.: (23-082

DISTRIBUTION

STUDY PLAN APPROVAL

TABLE OF CONTENTS

INTRODUCTION
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OBJECTIVE
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STUDY DIRECTOR

SPONSOR
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Exygen Study No.: 023-082

Study Plan: ExP-023-082
Exygen Study No.: 023-082

The purpose of this study is to perform analysis for perfluorooctane sulfonate
(PFOS), perfluorohexanoic acid (C6), perfluorcheptancic acid (Ch,
pentadecafluorooctanoic acid (C8), heptadecafluorononancic acid (C9),
nonadecafluorodecancic  acid (C10), perfluoroundecancic acid (C11),
perfluorododecancic  acid  (C12), tetrahydroperfluorooctane  sulfonate
(THPFOS), and tetrahydroperfluorodecane sulfonate (THPFDS) in pooled
human serum and plasma and monkey sera using Exygen method ExM-023-
071 entitled ‘Method of Analysis for the Determination of
Perfluorohexanesulfonate (PFHS), Perflucrooctanesulfonate (PFOS) and
Pentadecafluorooctanoic Acid (PFOA) in Rat Liver, Serum and Urine.”

The study will be audited for compliance with OECD Principles of Good
Laboratory Practice (as revised in 1997), ENV/MC/CHEM(98)17 by the
Quality Assurance Unit of Exygen Research.

The test iterns are perfluorooctane sulfonate (PFOS), perfluorohexanoic acid
(C6), perfluoroheptancic acid (C7), pentadecaflucrooctanoic acid {C8),
heptadecafluorononancic acid (C%), nonadecafluorndecancic zcid (C10),
perfluoroundecanoic  acid (C11), perfluorododecancic  acid  (C12),
tetrahydroperfluorooctane sulfonate (THPFOS), and
tetrahydroperfluorodecane sulfonate (THPFDS). All test items were received
from the Sponsor.

Name: PFOS
Chemical Name: Perfluorcoctanesulfonate

Molecular Weight: 499, as shown
F F F F
F F .
F SO

Exygen Research.
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Name: C6

Chemical Name: Perfluorohexanoic acid
Molecular Weight: 313, as shown

Name: C7

Chemical Name: Perfluorcheptanoic acid
Molecular Weight: 363, as shown

Name: C8

Chemical Name: Pentadecafluorooctanoic acid
Molecular Weight: 413, as shown

Narne: C9

Chemical Name: Heptadecafluorononanoie acid
Molecular Weight: 463, as shown

Exygen Study No.: 023-082

Study Plan: ExP-023-082
Exygen Study No.: §23-082
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Study Plan: ExP-023-082
Exyger Sudy No.: 023-082

Name: C10
Chemical Name: Nonadecafluorodecancic acid

Molecular Weight: 513, as shown

Name: C11
Chemical Name: Perfluoroundecanoic acid

Molecular Weight: 563, as shown

Name: C12
Chemical Name: Perfluorododecanoic acid

Molecular Weight: 613, as shown

Name: THPFOS _
Chemical Name: Tetrahydroperfluorooctane sulfonate

Molecular Weight: 427, as shown
F F F H

FIE|F | H .
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Exygen Study No.: 023-082

Study Plan: ExP-023-082
Bxygen Study No.: 023-082

Name: THPFDS
Chemical Name: Tetrahydroperfluorodecane sulfonate
Molecular Weight: 527, as shown

The purpose of this study is to perform analysis on four different lots of
pooled human serum, four different lots of pooled human plasma, and three
lots of pooled monkey serum for the target fluorocompounds using the
anatytical method, "Method of Analysis for the Determination of
Perfluorchexanesulfonate (PFHS), Perfluorooctanesulfonate (PFOS} and
Pentadecafluorsoctancic Acid (PFOAY) in Rat Liver, Scrum and Urine.”

Exygen Research

3058 Research Drive
Stats College, PA 16801
Phone: (814) 272-1039

O DYADIRECTCF

Emily Decker

Scientist .
Exygen Research

Phone: (814) 272-1039

tmily.decker@exygen.com

SEONSORZR

3M Environmental Laboratory
Building 2-3E-09

St, Paul, MN 55133-3331
Phone: (651) 778-6565
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Study Plan: ExP-023-082
Exygen Study No.: 023-082

William Reagen
Building 2-3E-09

St. Paul, MN 55133-3331
Phone: (651) 778-6565
wkreagen @mmm.com

It is proposed that the analytice! portion of this study be ~onducted from
October 14 to October 21, 2002, The actual erperimental start and
termination dates will be included in the final report.

All ~ommunications between the Testing Facility, method developers, and the
Sponsor will be directed through the Swdy Director {or designate) and the
Sponsor Swsdy Monitor. Communications will be fully documented by the
Study Director.

Pooled human sera and plasma and monkey sera are used as the test systems
in this study. The matrices will be provided by the sponsor. The matrices will
be representative of that for which this analytical method was designed.

Pooled human serum samples were purchased by the sponsor from Sigma-
Aldrich, Milwaukee, WI, Lampire Biclogical Lahoratorics, Pipersville, PA,
Bioresource Technology, Inc., Fort Lauderdale, FL, and Golden West
Biologicals, Temecula, CA. Pooled monkey serurn samples were purchased
by the sponsor from Lampire Biological Laboratories, Pipersville, PA. Pooled
human plasma samples were purchased by the sponsor from Lampire

Page 9 of 59
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Exygen Study No.: 023-082

Study Plan: ExP-023.082
Exygen Study No.: 023.082

In addition to the calibration standards described in Section 3.5.3, a set of
calibration standards will be processed through the extraction procedure
identical to the samples, using bovine serum and also a set using human
plasma. The fortification of the standards befors extraction is done
according to the following table:

Conc. Of  Fortification  Volume of Conc. of
Mixed Volume (L)  Control Extracted

Fortification Sample (mL) Calibration
Solution Standard
(ng/mL) (ag/mL)

1 400 2.0 0.2
10 100 20 0.5
10 200 2.0 L0
10 300 2.0 1.5
10 400 20 2.0
100 50 20 2.5

100 100 2.0 5.0

The testing facility will establish the relationship between the instrument
response and the concentration of analyte in order to assess the lincarity of the
system. A standard curve should be constructed with at least five standards.
The testing facility should also verify the ¢ndogenous levels of analyte in the
matrix control samples. This should be accomplished by analysis of a control
sample for cach matrix and examination of the region of analyte retention.
The potential exists for interference from fluorochemicals intraduced from
dietary material and other exogenous souxces. Samples are fortified with the
target analytes. The compounds will be made into solutions as per the
method, and added to the matrices via 2 micropipette. Fortified samples will
be processed through the described procedures to ensure method accuracy and
to check for bias.

Recoveries should be between 70% and 130% of the fortified levels. The
sponsor may accept occasional recoveties outside of this range. The relative
standard deviation (RSD) for each fortification level as well as the overall
RSD, should be less than or equal ta 20%.

Any modifications to the analytical method will be documented in the study
raw data. Modifications deemed significant by the Sponsor or Study Director
will necessitate revision of the method.

Exygen Research.
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Exygen Study No.: 023-082

Study Plan: ExP-.(23-082
Exygen Study No.: 023-082

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

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

All aspects of this study shall be performed and reported in compliance with
OECD Principles of Good Laboratory Practice (as revised in 1997),
ENV/MC/CHEM(98)17. The final report or data package (supplied to the
Sponsor) shall contain 2 statement that the study was conducted in compliance
with current and applicable GLP standards and will outline any deviations in
the stady from those standards., This statement will be signed by the Study
Director and Sponsor,

A final report will be prepared by the study director or their designee at the
conclusion of the study. The report will include, but will not be limit>d to, the
following:

+ The name and address of the Study Director, Sponsor Monitor and of the
testing facility.

» A statement of GLP compliance (any related documentation, such as
chain-of-custody records, must be in the study records).

»« The signed and dated staternent by the Exygen Research Quality
Assurance Uit regarding dates of study inspections and dates findings
were reported to the Study Director and Management.

N Page 12 of 59

Exygen Research. ' 0003,...0 Page 54 of 111
[

i A e

ek ey T -



e e s = e T

Exygen Study No.: 023-082

Study Plan; ExP-023-082
Exygen Study No.: 023-082

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.

Any steps considered critical, i.e. steps where little variation is allowable
or directions must be followed precisely.

Description of the instrumentation used and operating conditions.

The number of worker-hours or calendar days required to complete one set
of samples,

All results from all sets analyzed Identify all control and fortified
samples, and in the data table include sample number, fortification level,
and unique identification number by sample set.

Representative chromatograms for each analyte in sach 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 zhromatograms,

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

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

Additions or corrections to the final report shall be in the form of an
amendment by the Study Director. The amendment shall clcarly 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 Study Monitor.

+.

Laboratory personnel will practice good sanitation and health habits.

Any health condition of laboratory personnel that may be considered to
adversely affect the study will be reported ta the Study Director.

Any injury to laboratory personnel occurring during the conduct of this
study will be reported to the study director.

Exygen Research.
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Exygen Study No.: 023-082

Study Plan: ExP-023-082
Exygen Study No.: §23-082

+ Every rcasonable precaution shall be taken tc prevent inadvertent
exposure of personnel and the environment to the test or reference
substance(s).

All significant changes to the study plan outlined here will be expressed in
writing, signed and dated by the Study Director and Sponsor Study Monitor.
Amendments useatly 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 Stady Monitor.

Records to be maintained include the following (as appropriate):

Sample tracking sheet(s)

Sample receipt records, storage history, and chains of custody
History and preparation of standards (stock, fortification, calibration)
Description of any modifications to the method

Instrument run sheets, bench-sheets or logs

Analytical data tables

All chromatographic and instrumental conditions

Sample extraction and analysis dates

A complete listing of study personnel, signatures and initials
Chronological presentation of all study correspondence

Any other documentation necessary for the reconstruction of the study

Chromatograms- All chromatograms will contain the following:

« Sample identification, date, Exygen study number, amrow or other
indication of the area of interest, and injection number corresponding to
the run.

« Additionally, fortifications will include the amount of analyte added and
the sample number of the sample that was fortified.

Exygen Research.
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Exygen Study No.: 023-082

Study Plan: ExP-023-082
Exygen Study Mo.: 023-082

« Analytical standard chromatograms will additionally include the
concentration (e.g., jg/mL).

»  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 conditiona sheet describing the instrument type and operating
conditions.

n

AL L A LA

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 Study Menitor,

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 Sponsor. 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 lifetime of the product and shall obtain
permission of the sponsor before discarding.

Page 15 of 58
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Exygen Study No.: 023-082

Study Plan: ExP-023-082
Exygen Study No.: 023.082

APPENDIX 1

METHOD

"Method of Analysis for the Determination of
Perfluorohexanesulfonate (PFHS),
Perfluorooctanesulfonate (PFOS) and
Pentadecafluorooctanoic Acid (PFOA) in Rat Liver,
Serum and Urine "

Exygen Research.
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LIST OF FIGURES (continued)
Figure 25. Representative Chromatogeam of a Control Liver Sumple Fortified
at 10 ng/g with PFOS 36 !
Figure 26, Representative Chromatograrn of a Control Liver Sampia Fortifie¢ E
at 10 ngfg with PFOA 37 If
Figus 27, Represeutative Chromatogram of a Control Liver Sample Fortified v
at 10 ng/g with PFHS 37 !
Figure 28. Representative Chromatogeamm of 8 Control Liver Sarple Fortified :
at 50 ng/g with PECS 38 - :
Figare 29. Representative Chromatogram of a Control Liver Sampls Portified
1t 50 ng/g with PFOA 33
Figore 30, Representative Chromstogram of a Control Semnm Sumple Fortiffed .
at 10 ng/mY. with PFHS 39 :
Figare 31. Reprasentative Chromatogram of a Control Serem Semple Fartified h
8¢ 10 ng/ml with PROS : 3y }
Figure 32, Representative Chromatogram of a Control Semem Sample Fortified k
At 10 ng/mL with PFOA 40 F
Figure 33. Representative Chromatogram of a Cottrol Seram Sample Fortified I‘
at 50 ng/mL with PFHS a0 '
Figure 34, Representativa Chromatogran of a Control Senum Sample Fortified .
2t 50 ng/mL with PFOS 4 E
Figure 35, Representative Chromatogram of & Contro! Serga Sampla Rortified
at 50 ngfml. with PROA 41
Figaro 36. Represcatative Chromatogram of a Control Urine Sampls Fortified
at 10 ngfml, with PFOS....... 42 )
Figure 37, Representative Chromatogram of a Control Utine Sampla Fortified . i
a2 10 ng/mL, with PROA 42 :
Figuro 8. Representative Chromatogram of a Conrel Utine Sampls Fortified f
at 50 ngfmL with PROS 43 :
Figuce 39. Represeatative Chramatogram of  Centrol Urine Sampls Fortified i
at 50 np/ml, with PROA 43 i
. r
i
i
Exygen Rosearch Prge5ol43 :
) Page 22 of 59
Exygen Research. 000380 Page 64 of 111

B T T p——

- g——— e e -

[N



Exygen Study No.: 023-082

Study Plan: ExP-023-082
Exygen Study No.; 023-082

Bxygen Method No: ExM-023-071

SUMMARY

Thia repart details a method of analysia foc residues of Perfiuorchexanesulfonats .
(PFES), Perfluomooctamesulfonats {(PEOS) and Pentadecafluorooctanode  Acid
(PEOA) in Rat Liver, Serom and Urine.

acetonitrile. The dcetonitrile extract is added to water and loaded anto a
conditloned C18 solid phase extraction (SPE) cartddge.  Analyws residues are
cluted with 2 mL of methanol. Quantification of PFHS, PROS and PEOA i
accamplished by Hquid chromatography/ftanderm masy spectrometry (LO/MS/MS)
analysis using multiple reaction monitoring (MRM),

The proposed limit of quantitation {(LOQ; the loweat fortification specified by the
method which gives adequate recovery according tw EPA puidelines) for this
method 1s 10 ng/g (parts-per-billion) each for PFHS, FFOS and PFOA.

m&mﬁcalﬁmitnfdemﬂonﬂ.omwﬂlbnbmdunmsimmnoinmﬁo
ind will be at least greater than 3 times the level of noise, based on the
instrumentation system used.  For all analytes, the lowest analytical standard
cocretpands to 0.1 ag/mt .,

Thiz method was developed using rat liver, serum and ugine, Typical percent
recoveries * standard devistions (at 10 and 50 ng/g) are shown below:

Forification | PFHS Recovery In Rat Fortification PFHS Hecovery in Rat
Level {ngfx} Liver Leovel (neiml) Serum

115% + 5.9% (1) 10 108% + 4.7% {rw)
98% £ 3.5% {n=l) 30 1% £ 9.6% {ned)

0
o

mﬁ"“ll PFOS Recovery | FOewlion | prong pacorerytn | PROS Recovery in
n inRat Liver . y Rat Sarum Rat Urioa
10 10
7]

FortFeation
Lerd

| (nefa)

96% % 2.3% {pud) B3% L OA% (nm3) | 93N +4.7% (=3} |
34% + 1.5% {n=d) 50 120% 3 21% (omd) | 79% + 1.2% (o3}

PFOA Recovery | P59 | 2o pocuvery in [ PROA Becovery in
inRat Liver s Rat Serum Rat Uripa .
W | AREnRi | 10 1782 1.3% (mm3) | 9% £ 2.9% (=)
S0 | 94%+2.5% (owd) |50 1% % 40% (un3) | 57% 3 2.1% (am3)

Representative calibration curves are shown in Figures 1.3, Representative
chromatograms are shawn in Figures 4 to 39,
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Exygen Study No.: 023-082

Study Plan: ExP-023-082
Exygen Study No.: 023-082
Exygen Method No: BxM-023-071
2. EXPERIMENTAL COMPOUNDS
Themmu!mPFHS.PFDSmdPFOAmgivenbelow. L
FFHS t
Chernical Mama = Pexflucrohexsnesulfonats E
Molecalar weight = 399, az shown ;
F 0;"

PFHS ia supplisd s th= pote-sivr valt (€ ¥13SCyK"), moiecuiar weight = 438 I
bros |
Chemical Name = Perfluarooctanesulfenate {
Molecular weight = 499, as shown |
PFOS 1a supplied s the potasaium salt (CyF1sSCa K molecular weight = 523 :
¥
o | !
"Chemieal Name = Pentadseaflosrooctanoic Acid N
Moleculer weight = 413, aa shown t
F ) ’
F 0 :
i
:
Exygen Research Page B ol 43 ;
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Exygen Study No.: 023-082

Study Plan: ExP-(23-082
Exygen Study No.: 023-082

Bxygen Method No: BxM-Z13-071
3. CHEMICALS AND SUPPLIES
AL CazMicALs -
Chemical Grade Sourcs Catalog No.
Mathanol (MeOH} HPLC EM Scienca M0475-1
Ammontum Acetats Reagent JT Bajeer 0596-01
Water . Typel Exygen NA
Acetonitr]s HPLC EM Scienca AXD145-1
Type I watexr = electrical registivity, minimum of 16,67 MSlfem 21 25 *C,
tiom a Labconeo Waterpro™ workatation,
32. STANDARDS
Standard TCR Number Puarlty (%) Sourcs
FPerfhucrohexanesolfonats SE-035 95.99 all isamers, M
(PFHS) : $4.36 straipht chain
Perfluorooctanesulfonate SD-018 869 3M
(PFOS)
Pentedecafluorooctanoic Lot No; 9 Aldrich
Acid (FFOA) 0831600 Chem
3.3. EQUIPMENT AND SUPPLIES
: . Equipment Suppller
Balance, analytical (display at least 0.0001 g Mettler
125-mL L DFE narrow mouth hattles Nalgene
Disposable glass micrapipets (50-100 & 100-200 uL) Drummond (YWR)
Tissumizer Tekmar
Wrist action shaker Bumrel! Scientifie
Sorvall RC 5C plus Centrifuge Dupont
50 mL disporabls polypropyiens centrifuge tabes VWR
"15 mL disposabla polypropyleac centrifuge tibes VWR
Viaiprep vacuum manifold Supeleo
Sep Pak Vac 6 cc (1) 1C18 cartridges (part # WAT Waters
035795
2-mL clear HPLC vial Kit {cat # 5181-3400) Hewlent-Packan]
Class A pipets and volumetric flasks varions suppliers
Standard lab equipment (graduated cylinders, various suppliers
disposable tnbes etz.)
Stand-alone drop-in guard eartridge holder (part Keystone Scientific
#344017400)
Hypercarb drop-in guard column (4 mmj {part # Keystone Scientific
§44017-400) :
HPLC Pump (LC-10AD) Shimadzu
LC/MS/MS and HPLC systetns As described in
section 4.5,
Exygen Rezearch Page 9 ol 43

T —

8 b ey ——— o

Page 25 of 59

Exygen Research. 000383

Page 67 of 111

B Ao Lo TP

- r— —

i e

e b o ey —t



Notes:

L.
2
3.
4,

5

Exygen Study No.: 023-082

Study Plan: ExP-023-082
Exygen Study No.: 023-082

Bxygen Method No: B -023-071

Ini order to avoid contamination, the use of dispoable [abwars (containers,
tubes, pipeties, ctc.) is highly recommended,
TeﬂmwTeﬂon-ﬁnedconﬂimuraqnﬁmshouldmthemed.
Itmaybenecemtocheckdwmlvmu{mnittﬂe,mthmon for the
mdmmmu(mmymmbywmmmm
Certain lo¢ numbers have been found to be unsuitable for wse,
Uledispuubhmicmpipettﬂm'pipeﬂutoﬂiquotmdudwluﬂm
when prepacing standards and samples for extraction.

Equivalent materialy may be subatituted for those specified in this method,

4. Sorutions

@

@)

2mMammnlﬁumxentainwmitprepAmdbyudglﬁng
0.134 g of sammonium acetate and dissolving in 1 L of water,

Hypmmhﬁlmdtypelwsteriaprepmdbyﬁlteﬂngtypelwm
thmughaHypemarbguudcolumnuaingaHPLCpumpu-zamUnﬂn.
Be.fnmuae.msh!heguardcuﬁdgewith~25mLofEPLande
aeewnitxﬂu,then-zsmLoftype[wm.ﬂ:enbegincullecﬁngme
filtered type I water eluste for use in the extraction, Repeat the wash after
filtering ~2L of water,

Note: The aforementioned example {s provided for guidance, allsmative volumes

myhepmparedulungasﬂmappmprlamnﬂmoﬂhemlvemmmmmam
maintained.

3.5, PREFARATION OF STANDARD SOLUTIONS )

L
2,

Analytical standards are used far three purposes;

Calibration Standards — These standards are prepared in methanol and are
used to calibrae the respanse of the detector used in the analysia.
Laberatory Control Spikes ~ These fortifications are prepared at
coneentrations camesponding to the LOGQ and 5x LOQ and are useq to
determine analytical recovery. Labomtory control tpikea are prepared in
control matrix,

Matrix Spikes - These fortifications are prepared by spiking into the Feld
samples at § known concentration. Matrts, spikes are used to svaloats the

effect of the sample matrix on analytical Tecovery and are prepared at the
clicnt's requast, .

The analyst may vary the absolute volumes of the standards as Iong a3 the correct
proportions of solute to solvent are maintained,
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Study Plan: ExP-(23-082
Exygen Study No.: 023-082

Biypea Mathod No; BxM-023-071

351 Stock solution

Prepare individual stock solutions at 100 pg/ml for PFHS, PROS and
FFOA by weighing out 10 mg of each analytical standard (corrected for
purity and If necessary, salt content) and dilute to 200 mL with methanol
in separatc 100-mL. volumetric flasks. The stock solutions (in 125-ml.
LDPE bottles) aro to be stored in a refrigerator at 2°C to 6°C and are
stable for & maximam pexiod of one year from the dats of preparation,

3.5.2. Fortificaion Solutions

2. Prepam a mixed fontification standard at 1.0 pg/ml (1000 ng/mi) of
PFHS, FFOS ad PFOA by adding 1.0 mL of each of the 100 pg/mL.
nuakmhﬂominmalw-vaoluimuicﬂukmdhﬂngupmvolume
with methagel,

b. Prepare a mixed furtification standwrd at 0.1 pg/ml (100 ng/ml) of
PFHS, PFOS and FPOA by diluting 10.0 mL of the 1.0 pigfml, mixed
fertification solution to 100 ml, with methanel in & velumetric fagk.

E;m]g:mhmdmdmiqoumofmnﬂ.lumwuﬁonapikedinml

8 of liver ar 1 mL. of serum/urine s equivalent to a 10 ppb (10 ng/ml. or

ng/g) fortification,

Stors ail fortification atandard salutions in a refrigeeator (in 125-mL LDEE
bottles) et 2°C 1a 6°C for a maximum periad of one year from the dates of
preparation. Nots also that additional cencentrations mey be preparcd if

3.5.3. Calibration Standards

LCMS/MS calibration stendards containing PFHS, PROS and PEOA are
preparcd a2 0.1,0.2, 0.5, 1.0, 2.0 and 5.0 ng/mL in methanol via dilution of
the 0.1 pg/mL mixed fortification solution (section 3.5.2.b),

" The following is a typical example; additicnsl concentrations may bhe

Exygen Rescarch

prepared as necded,

Initind Cone, Volome  Diluted to Final Conc,
(tg/mlL) (139_10-) (mL) (ngfml) .
100 . 5.0

100 .
100 2.0 100 20
100 1.0 100 1o
5.0 108 - 100 0.5
20 16.0 100 133
10 10.0 160 c.1

The standards may be used for & period of ane year (in 125-ml LDPE
battles) when stored refrigerated (at 2°C to 6°C).

Prgellaf43
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Exygen Study No.: 023-082

Study Plan: ExP-023-082
Exygen Study No.: 023-082

Exygen Method No: ExM-023-071

4. METHOD
4.1, PLow DIAGRAM

Theﬂowdhgnmoflhomﬂwdlsgivenbelw,foﬂowadby:daﬂﬂed
description of cach step,

Method Flow Diagram
Weigh 1 g of Hver or measure 1 mL of serum or urine
(fortify samples designated as matrix spikes and labaratory contral spikes)
Add 9 mL of water to liver, 19 mLuftrateru:mummdudne. homogenjze
Re.mmlml.mdndjs:nl.nfhm.shaka
&nul::tmgu
Decant mpmmli’nto 35 mL of water
!nadontocotditiuncdSPB i
Bt w2 L. methanl
I.CMS![\éAnnlyxia

4.2, SAMPLE PROCESSING

Forlivcrnmplu.phseﬁmmsmpluinafoodpmmmsndhnmogenin“dﬂ:

dry ice. ‘Ihenplace,nmplninconuhusmdlmuopcnhﬁ'omam,ga

ovemight to allow for CO; sublimation. Sulmdplucthnmpksinﬁnﬁcn

storags below —10°C vatll time of extraction. No sample processing is needed for

scrum and utine samples, However, frozen serum and urine samples must be
. ) kilowed to completely thaw ta 700m temperature befors use,

Exygeo Research Page 12 0f43
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Exygen Study No.: 023-082

Study Plan: ExP-023-082
Exygen Study No.: 023-082

Exygen Method No: Exb-023-071

43. BaTCH SET UOP

L Abatch of samples should not contain more then 20 field samples.

b Eachblmhufnmpluamlyzedmuatimludaulcmomumml(meﬂmd
blmkuingconuolmkix)mdhvomtﬂxconmlafmﬁﬂednknm
cancentrations (typically 10 and 50 ngfg for liver or ng/mL for senam and
urine) to verify procedyral recovery for the batch,

c A(Iemmﬁddmplainmhbatchmﬂwbewpumlyfcrﬁﬁedua
known concentration and carded through the procedure to verify recovery.
Additional samples In the batch may also be fortified if desired.

d. All samples tequire duplicats injections.

44. SAMPLE EXTRACTION

4.4.1,

peg P

Liver Extraction

Weigh 1 g of Iiver semple into a 50 ml. dispossble centrifuge tube snd
fortfy, if sppropriate. .

. Add water to the ssmple for a finsl volume of 9 mI. Cap tightly.

Hompgenize sample using a tigsuemizer for -1 minute,

Transfer 1 mi, of the sample wing & disposshls pipeits lnto 15 ml.
dispoesble centrifuge tubes. Add 5 ml, of ACN and shake for -20
minutes on & Wrist sction shaker,

Centtifuge twbes at ~3000 rpm for ~ 5 minotes. Carefully decant
supernatant jnto a 50 ml disposable centrifuge tubs and add 35 ml. of
water.

Load the sampla onto 8 conditioned SPE column (for conditioning detatls,
ges section 4.4.0.). Discard the eluate, Any analyta residues will be
trapped on the SPE colutnn at this poine,

Elute with 2 mL of methasiol. Collect 2 mL of elute into a gradusted 15
mL centrifuge tube.

Analyze samples using electroapray LCMS/MS. ) *

. Serum and Urine Exraction

MumrclmLofmmoruﬂnesamplcinwgSGdeispusable
ceatrifege tbe and forify, if appropriats.

. Add 19 mL of water to sample. Cap tightly and vortex for ~1 minuts.

Then continue with steps d-h in section 4.4.1,
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Exygen Study No.: 023-082

. ; Study Plan: ExP-023-082
. Exygen Study Na.: 023-082

Bxygen Method No: BxM-023-071

4.4.3. SPE Column Conditicning

PimthemndlﬁondSPEcolumonthanmmmmifold. Condition tha
SFE columna by passing ~ 10 L of methano] through the column followed
by ~ 5 mi, of water, Thewuhnmybepuﬂedﬁmashtlw&?ﬁcnlm:m
using vacium st a flow rats of ~1 drop/ssc ot may be allowed to pass through
the column nsgided, Discerd all washes, Do not allow the columa to dry,

4.5. QUANTITATION

451, LCMSMS Svstem and Oparating Conditions

Msss Spec:  Micromass Quattro Ultima (Micromass)
Interface; Electrospray (Mictomass)
Harvard infusion pump (Harvard Instrumnents), for tuning
: COMPAQ Profeasional Workstation AP200
Software: ‘Windows NT', Masalynx 3.3

HELC; Hewlett Packard (HE) Series 1100
HP Quat Pump
HF Yacuum Degasser
HP Antosampler
HP Column Qven
Notz: A4 x 10 mm hypercarh drop in guard cartridge is attached on-lie after
the purge valve and before the sample injector port to trap any residua
contaminanty that may be in the mobile phase andfoe HPLC system,
HPLLC Column; Genesia Cy (Jones Chromatngraphy), 2.1 mm x 50 mm, 44
Colomn Temperature: 35° ¢
Injection Volume: 15 uL,
Mobile Phase (A): 2 mM Ammonium Acetats in Type I water
Maobile Phase (B):  Mathanol -

Zime %A 2D Fow Rate (mL/min)
10 03 =

0.0 90

240 90 10 03
5.0 10 S0 a3
9.0 10 90 03
9.5 o 100 03
14.0 0 100 0.3
L4.5 %0 10 03
200 90 - 10 0.3

It may be necossary to adjust the HPLC gradient in arder to optimizs instrument
performance, Columns with differsnt dimensions (e.8. 2.1 x 30) and slso columns
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b. Use weighted §nesar standerd turves for quan(tation, Linear standard curves

Exygen Study No.: 023-082

. Study Plan: ExP-023-082
Exygen Study No.: 023-082

Hxygen Mathod No: BxM-023.071

from different manofactirers (I{ey;mnc Betasil Cyz ete.) could be ased, provided
equivalent chromatography is obtzined.

Tons monitorsd:

Approximate
Analvig Modo it
PFHS Negative 39080 ~8.2 min,
BFOS Negative 499599 ~B.8 min
FFOA Negative 413 — 369 ~8.6 win

Thcmdonﬁmmyvuy.onldaymdaybuh,depmdingmthebmhof )
nobile phass etz, Drift in retention times (up to £ 4 %} i3 seceptable within an
mnlyﬁcalnm.ailongnthndﬁftmﬂﬁmuthmugh!heanﬂmmﬂyﬁa and the
sunda:dsm!ncludcdathebeginningmdmdufﬂwmd}ﬁmlm

Note: An alternative LC/MS/MS system may be used once demonstrated o ks
equivalent.

nemspmmanhhmedfmmhmdymbyinﬁxﬁnga-l.opg!ﬂ
sundardmlucion(:tmpl.fmin,utingminnuionpmp]viaa"["'inwuu'em
of mabile phase containing 50% methancl and 50% 2mM ammoniom acetate in
water &t 02 ml/nin fow rate, Eachmnlywisinidallynmedfnslhupamtinn
and then tmned for the product ion, Oncet.halnsimmnmi:mned.thoopﬁmimd

parametsry are saved &1 a tune file, This wne fils is then nsed diring routins
aoalysis,. .

. e e ey

[

4.5.2. Calibration Curve Procedurey

a.Injnc:thesmoaliquot(behvcaulOmSDpL)ofmhcalibnﬁonmdnd .
(rmgingﬁomdminwmtlcwlamdudtothehlgiuatlwdmpnﬁ].inmdm :
LC/s/MS. ’

are generated for oach analyts by Huear regreasion using 1/x weighting of
pesk area versus calibration standard comcentration using Masslynx {or
equivalent) softwars systems, Any calibration standard found to bo a statistical
outller by uting sn appropeiate oudier test, may be excluded fromsihe
calcutation of the calibration curvs. However, the total mumber of calibration
standards that may he excluded must not exceed 20% of the total pumber of
standards injected.

| ———— = ————"

¢. The comelation coefficient (R} for calibration curves generated must be
20.9925 (R® 20.985). If calibration results fall outside these limits, then
epproprists steps must be taken'to adjust instament operation, ang the
standards or the relevant set of samples should be reanalyzed,
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Exygen Study No.: 023-082

- Study Plan: ExP-023.082
- Exygen Study No.: 023-082

Exygen Mathod No: ¥xbd-023-071

: Typical calfbration curves for PFES, PFOS and PFOA can be found in Figures 1-

. 453 Sampls Analysis

[ 3 Injeu&:emnﬁquot(bawmlomwumofuchmdard,umph,
recovery, control, ete. inta the LC/MS/MS system,

b. Standards correaponding to at Teast five or mom concentration levels (starting :
with the LOG level or below) muat be included in an analytical set,

C. An entire set of callbration standards thould be injected at the beginning of 1
- set followed by calfbration standards interspersed approximately every 5-10
mamplea (to sccount for a second set of extracted standerds). As an
aliemative, an entire set of calibmtion standards may be included at the
beginning and at the end of & sample set. In ejther case, calibration standards
- must be the first and last injection in « sample sat,

& The cancentration of cach sample/fortification/control is determined from the
standard curve, based om the pesk aron of each analyts, The standard
responses should bracket raponses of tha residus found in each sample set,

- Resuls may be quantitated up to 10% outsids the curve by extapaletion. If
necezsary, dilute the samplea to glve a response within the standard curve
ange, L

- e a n s mi——g——-—— s sa

- e Faortification recoveries falling within 70 to 130% & considered scceptable.,
, 1. Samples must be storcd refrigerated betwesn 2°C o 6°C antil analyais.

£ Samples In which elther no peaks ars detcoted or peaks less than the lowest

conceatration of the calibration standards are detceted at the comesponding
- snalyts retention time will be reported as ND (not detected), Samples in
i . which peaks are detected at the corresponding analyts retention time that ars
o lasas than the LOG and greater than of equal to the lowest concenteation of the
calibration standards will be reported 1= NQ (not quantifiahla).

The analysis performed during the method development incladed fortificatfons at
10 and 50 ng/g of PFHS in rat liver, 10 and 30 ng/ml. of PFHS in serum, 10 and
30 ng/g of PFOS and PFOA. in rat liver and 10 and 50 ng/mL of PFOS and FFOA
In serum and urine. Typical chromatograms can be found in Fignre: 4-39,
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Exygen Study No.: 023-082

. Study Plan: ExP-023-082
Exygen Study No.: 023082

Exyget Mothod No: BaM-023-071

4.6, ACCHPTANCE CRITERIA

The following criteria must ba met to ensars the presence of PRHS, PFOS and
EROA:

1. The chromatogram must show & peak of a daughter jor at 80 wmu from a
pmtufBmewPPﬁs,admghmrionnMmmfmmnpmof
499 wmu for FFOS, and a daughter jen at 369 ama from n parent of 413
amu for PEOAL .

2. Method blanks nvast xot contain analyte st levels greater than the LOQ. It
a blank contains the analyts wt lovels greater than 10 ng/ml, then a new
blank sample must be obtained and the entire set muat be re-cxtracted.

3. Recoveries of coatrol apikes and matrix spikey (if any) must be betwesn
70-130% of their known values, If a control spike fall: outside the
acceptabla limits, the entire set of asmples should be re-extracted. Any
matrix spike ontside 70-130% should be evaluated by the analyst to
datermine if re-sxtraction is warranted,

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

3. The correlation coetficient (R) for calibration curves generatsd must be
20.9925 R 20.985), If calibration results fall outside these limits, then
appropriate stepa must be taken to adjust instrument operation, and the
standacds or the relovant set of samples should be reanalyzed. '

6. Retention times between standards and samples must not drift more than
1 4 % within an analytical ran, If retention e drift exceads this Hmit
within an analytical ran then the set must be reanalyzed.

4.7. PERFORMANCE CRITRRIA

*a

‘The following two criterin must be performed once as a system mitability test,
before the commencement of analysis, when using an instumentation set-up that
has ot been used for this method.

Finst Critetjon:

Run 1 standard solution oo LC/MS/MS cotresponding to the estimated LOGQ
(10 ng/mL) in matrix and olitain & signal t0 noiss ratio for the analyte trarsition of
at least 9:1, compared to o reagent blank, If this criterion cannat be met, optimize
and change instrument opeeating parameters (or incrsase the injection volums, if
apprapriate).
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Study Plan: ExP-023-082
Exygen Study No.: 023082

Exygon Mathod No: ExM-(23-071

Second Criterion:
mmasuofmdudsofﬂveormemnmﬂmleveh,&omnmbdw!he
LOQ,np:nﬂmligbutmmmﬂmlwdtohelncludedinﬂmandyuis.
Generate a calibration curve for the analyts and abtain a linesr regression with 3
coefficient of determination (R”) of at least 0.985 for the analyte. Ones this
exiterfon is met, samples may be analyzed with standards interspersed.

4.4, Tz REQUIRED FOR ANALYSIY

Onepenonm,hkeuetoﬂﬂumplesthmughdwnmplapmpuaﬁnnpmudme
in approximately 4 hotrs, The LC/MS/MS analysia of the set {containing 20 field
samples, 1 matrix blank, 2 lsboratory control spikes, 1 matrix apike apd 12
standard injections) will take approximately 14 hours,

Pt DR = -

5. CALCULATIONS r
2. Use Equation 1 1o calculats the amount of analyts found (in ng/ml., based on '
pesk arca) using the standard curve (i/x weighted linear regression ;
perametery) generated by the Masilynx software program, !
Analytn found (ng/ml.) = {peak grea « intezcept) x DF x aliquot factor
slape
DF=fmrbywhiEhﬁwﬁnﬂwlumewudi]u:ed,ifuemwy.
Aliquot factor= 9 for liver, 20 for serum and wrine . !
b. For samples fortified with known amounts of malyts prior to extraction, use ;
Equation 2 to calculato the percent recovery, I'
Recovary (%) = o 1
[ sotal analyte found (ng/mL) - analytsfound in control (ng/ml)] <100 f
analyte added (ng/ml’) '
|
Note; Subtract analyte found in control (ng/ml) from analyte found (ng/mL), :
if ng/mL in coatrol is greater than 1OG, !
|
Baygen Rescarch : Pagn 12 of 43 }
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Exygen Study No.: 023-082

Study Plan; ExP-023-082
Exygen Study No.; 023-082

Exygen Method Ne: Bx-0a3-071

¢ Use Equation 3 to caleulats the ameount of analyta found (in ppb)
Equation 3:

S m T e

e g et e

Acaiyw fud (opfg oeogiml) = (amalvtn found ine/ml) g FY fml)
smmple weight (g) or sample valume (mL) Er
FY = final volume r
For reparting purposes, samples in which either no peaks ars detscted or peaks
less than the lowest concentration of the calibmation atandards arg detected at the
comesponding analyws retention time will be reportsd 28 ND (not detected),
Samples in which peaks ste detected at the conresponding analyie retention tme :
" that ure lese thun the LOG and greater than oc equal to the lowest concentrstion of i
the calibration standards will be reported 53 NQ (not quantifiable),

6. SAFETY }
The analyst should read the material safety data sheets for all standards and z
reagents before performing this method. Use mmiversal precautfona when :
handling standards and reagents, including working in fume hoady and wearing .
laboratery coats, eafety glasses, and gloves. i

i
i
i
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Exygen Study No.: 023-082

Study Plan: ExP-023-082
Exygen Study No.: 023-082

Exyyen Method Nox EaM- 023071 :
Table 1. Recovery Summary of PFHS in Rat Liver aod Serum

Recovery Summary of PFHS In Rat Liver

Sample ID Analyts Added (n Parcant
0201884 Spk 10 108
0201884 Spk B - 10 110
8201884 Spk C 10 128 ;
Aversge: 115 . !
Standard Daviation: 29 I
SsmplelD ___ Analyte Added (ngic) __Percent Hecovery (%)
0201884 l:ﬂ D 50 101 ;
0201634 Spk E 50 98 i
0201884 Spk F 50 84
Average; .
Standard Daviation: 3x
L
Recovery Summary of PFHS in Rat Serum |
Sumlu [12] Analyts Added {ng/mL) Percant Fluewm m :
0201662 Spk A 10 112 :
0201682 Spk B 10 I (L] :
£201662 Spk G 10 110 :
Average: 1408 i
Standard Deviation: 47
Sample (D __Analyts Added (ngimt) _ Purcent Racovary (%) ‘
0201852 Spk O 50 107 4
0201882 Spk E 50 104 r
0201882 Spk F 50 122
Averige: m i
’ Standard Devistion; .6 }
i
i
¢
1
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Exygen Study No.: 023-082

Study Plan: ExP-023-082
Exygen Study No.: 023-082

Exygen Method No: ExM-(23-071

Table 2. Recovery Summary of PFOS In Rat Liver, Serum and Urine

Ascovery Summary of PFOS In Rat Liver

i) Anaiyin Added Perceri Re
: (201634 Spk A 19 [T}
0201884 8pk B 10 113
(201 884 Spk C 10 138
Average; [
: Stundwrd Devistior: 14
1
i S fnuifs Added ngly) __ Parcent RecoveryDy)
H 201684 Spk O ] [ 7]
: Q201684 Bpk E &0 sa
: 201884 Spk F ED. 87
: Average (]
; Standerd Deviationt 1.8
- 1 Racovery Summary of PFOS In Rat Serum
: ) Sampls I3 Adsied Parcent
201882 Spk A 10 [T}
0201842 Spk B 10 85
201082 Spk © 10 k]
Averaga: [T]
: Standard Daviation: 5.3
Sumple ID Anxlyts Added {n Parcant
. ' (21682 8pk D 50 118
: 0201882 Spk E 50 122
f 0201542 8ok & 50 121
i Avetage 120
! Standard Devistion: 1

Recovery Summary of PFOS In Rat Urine

e . R RTONLTNOR - - = =

- r—— ——— g =

Sample ID Ansiyts Adided {ghnl) _ Parcent Rucovery (%)
C20168% Spk A 10 8
0201642 Spk B 0 80 .
) 5201832 Spk © 1% I
) Awerage: [
3 Etandard Devistlon: &7
""" | Sampls D Analyta Added Parcant Recovery (%) '
. | U201 862 Spk O 50 T ;
i i 4201682 Spk E 80 bl i
: i 0201682 Spk £ 50 78 :
g . Average: 19 :
- ! ! Standard Davistion: 12 i
; |
..... Bygen Resexch Pags2lofds !
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Table 3. Recovery Summary of PFOA in Rat Liver, Serum and Urine

Recovery Surumary of BFQA In Rat Liver

Exygen Study No.: 023-082

Study Plan: ExP-023-082
Exygen Study No,: §23-082

Exygen Mathod No: ExM-023-071

llmEol.'l Mllm Added mﬂz mmm
GRO1ER4 Spik A 10 o
02018084 Spk B 10 m
azo18a4 mc 10 ]

- Avarage: [ T3
Standard Devistion: il

Sumple I Amlyte Added (ng/g) Percunt Racovery (%)
201854 Spk D 50 [T}

0201884 Spk E &0 : ]
mmﬂs 52 04
Averaga: [

Standard Davisifont 2B

Recavery Surnmary of PFOA In Rat Searum
Slma: -] Ann!m Addnd msh_nLl Parcant m m

02nd32 Bpk A 1n 138
(01682 Bpk & 10 117

0201682 Sok C 10 118
Avsrage: 117
Standard Usvintan; R F

Rample (D o Adcied L Parcant Recovary (%)

aagisal % D 50 107
201882 Sph E 50 112
D21482 SpkF a0 115
Average: n
Standard Davistion: 48

Recovery Summary of PFOA In Rat Usine

1 —— T ——— 4

[ ————

S n Aroaiyte Added () Parcend Ancovery (%)
02016832 Bpk A 1o B
0201642 Spk 8 10 9t =
Q201882 Spk C 10 25
Avarags [T .
Stnderd Deviation: 25 :
Sampla 1D Anuivte Added {n_ahn!.) Purcent Recovery (%) !
0201682 Spk D 50 ]
(201442 Spk E 50 84 l
201582 SEk F 50 * .13 ‘
Avarage: a7 .
Stancard Deviation: 21 i
Exygea Research Page 22of 43 l
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Exygen Study No.: 023-082

Study Plan: ExP-023-082
Exygen Study No.: 023-082

BExygen Mathod No: BxM-0273-071

Figurel.  Calibration Curve for PFHS
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Exygen Study No.: 023-082

Study Plan: ExP-023-082
Exygen Study No.: 023-082

Exygen Method No: BxM-023-071

Flgure2, Calfbration Curve for PFOS
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Exygen Study No.: 023-082

Study Plan: ExP-023-082
Exygen Study No.: 023-082

Brygen Method No: BiM-Q23-071

Figure 3, Calibration Curve for PFOA

Compound t name; PEOA

Cosfficiert of Determination; 0.095845

Calbration curve: S1270.9 * X +-2075.38
Rasponss type; Bxdamal 54, Area

Curva typs: Linaar, Origin: Excluca, Walghting: 1/x, Az frans; None
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Exygen Study No.: 023-082
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Study Plan: ExP-023-082
Exygen Study No.: 023-082
Exyyen Method No: ExM.123-071 ‘L
Flgured. Representative Chromatogram of a 0.1 og/mL Standard
Containing PFHS .
i
ERIUASE, L1 pbul. Fe Peus- S0 .
--uuhuuq e wuﬁ
=
Figure5. Representative Chromatogram of a 0.1 ng/mL Staniard ;
Containing PFOS _ i
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Exygen Study No.: 023-082

Study Plan: ExP-023-082
Exygen Study No.: 023-082

Exygen Method No: ExM-023-071

Figure 6. Representative Chromatogram of a 0.1 ng/mL Standard

Containing PFOA
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Figmre7. Representative Chromatogram of a 0.5 ng/mi. Standard

Containing PFHS
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Figure 8.

Exygen Study No.: 023-082

Study Plan: ExP-023-082
Exygen Study Mo.: 023-082

Bxypen Method No: BxM-023-071

Represeniative Chromatogram of a 0.5 ng/ml, Standard
Containing PFOS
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Figure 9, Representative Chromatogram of a 05 ngfml, Standard

Containing PFOA :
Tk, L agtl FROA and PrOS

LCRORAIE FT .

LA I s (i, Sl K of B Chasmain M- 3

bt - “'&: E

- |

I

T Y 1y Rt R I iy S R T Ty S E

!

l

i

Exygen Rescarch Page 24 of 43 :

- Page 44 of 59

Exygen Research.

000402 | Page 86 of 111

TR T T

T



S o Pt Akt

Exygen Study No.: (23-082

Study Plan: ExP-023-082
Exygen Study No.: 023-082

Exygen Method Mo BxM-(2-071

Figure 10, Repreyentative Chromatogram of a 5.0 ng/ml. Standard
Containing PFHS
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Figure 11. Representative Chromatogram of a 5.0 ng/mL Standard .
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Exygen Study No.: 023-082

Study Plan: ExP-023-082
Exygen Stpdy No.: 023-082

Exygen Method No: ExM-023-071

Flgure 12. Representative Chromatogram of a 5.0 ng/mL Standard
Containing FFOA
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Flgure 13. Representative Chromatogram of a Reagent Blank Sample
Analyzed for PFHS '
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Exygen Study No.:

Study Plan: ExP-(23-082
Exygen Study No.: 023-082

Bxygen Method 2No: ExM-023-071

Figure 34, Répresentattve Chromatogram of a Reagent Blank Sampie

Analyzed for PFOS
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Flgure 15. Representative Chromatogram of » ngent Blank Sample

Analyzed for PFOA
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Exygen Study No.: 023-082

Study Plan: ExP-023-082
Exygen Siudy No.: 023-082

Exypen Mathod No: BxM-073-071

Figure 16. Representative Chromatogram of a Contral Liver Sample
Analyzed for PFHS
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Flgure 17. Representative Chromatogram of a Control Liver Sample
Analyzed for PFOS _—
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Exygen Study No.: 023-082

Study Plan: ExP-023-082
Exygen Study No.: 023082

BEypen Method No: Exi023-071

Figure 18. Representative Chromatogram of a Contrel Liver Sarnple
Analyzed for PFOA
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Figure 19. Representative Chromstogram of 2 Coxtrol Sernm Sample
Analyzed for PFHS < . :
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Exygen Study No.: 023-082

Study Plan: ExP-023-082
Exygen Smudy No.: 023-082

Exygen Method No: BxM-023-071

Figure 20. Representative Chromatogram c;fa Control Serum Sample
_ Analyzed for PFOS
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Figure 21. Representative Chromatogram of a Control Serum Sample

Analyzed for PFOA <
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Exygen Study No.: 023-082

Study Plan: ExP-{23-082
Exygen Study No.: 023-082

Hxygen Method Ne: BxM-023-071

Figure 22. Representative Chromatogram of a Control Urine Sample
Analyzed for PFOS
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Figare 23, Representative Chromatogram of 2 Control Urine Sample
Analyzed for FFOA
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Exygen Study No.: 023-082

Study Plan: ExP-023-082
Exygen Study No.: 023-082

Exygen Methad No: BxM-023-071

Flgure 24. Representative Chromatogram of a Control Liver Sample
Fortified at 10 ng/g with PFRS
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Figure 25, Representattve Chromatogram of a Control Liver Sample ]
Fortified at 10 ng/g with PFOS °
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Exygen Study No.: 023-082

Study Plan: ExP-023-082
Exygen Stady No.: 023-082
Exygen Method No: ExM-23-071
Figure 26. Representative Chromatogram of a Control Liver Sample
Fortified at 10 ng/g with PFOA .
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Fignre 27. Representative Chromatogram of a Contral Liver Sample .
Fortifled at 50 ng/g with PFHS - - '
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Exygen Study No.: 023-082

Study Plan: ExP-023-082
Exygen Study No.: 023-082

Exygea Method No: ExM-023.071

Figure 28. Representative Chromatogram of a Control Liver Sample

Fortifled at 50 ng/g with PFOS :
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Figure 29. Representative Chrotoatogram of a Control Liver Sample i
Fortified at 50 ng/g with PFQA, ° '
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Exygen Study No.: 023-082

Study Plan: ExP-023-082
Exygen Study No.: 023.082

Beygen Mathod No: BxM-(3.071

Figure 30. Representative Chromatogram of a Control Serum Sample

Fortifled at 10 ng/mL with PFAS
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Figure 31. Representative Chromatogram of a Control Serum Sample ,

Fortified at 10 ng/mL with PFOS ) ;
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Exygen Study No

Study Flan: ExP.023-082
Exygen Study No.: §23-082

Exygen Mathod No: ExM-023-071

Figure 32. Representative Chromatogram of 2 Control Serum Sample

- Fortified a¢ 10 ng/mlL. with PFOA
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Figure 33. Representative Chromatogram of a Contrel Serum Sample

Fortified at 50 ng/mil. with PFES
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Exygen Study No.: 023-082

Study Plan: ExP-023.082
Exyger Study No.: 023-082
Exygen Method No: ExM.023-071
Figure 34, Representative Chromatogram of a Control Serum Sample
Fortified at 50 ng/ml, with PFOS N
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Figure 35. Representative Chromatogram of a Contrel Serum Sample
Fortified at 50 ng/m, with PFOA. L
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Exygen Study No.: 023-082

Study Plan: ExP-023-082
Exygen Study No.: 023-082

Exygen Method No: Bxbd-033-071

Figure 36. Representative Chromatogram of a Control Ustne Sample

Fortified at 10 ng/mL with PFOS
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JFigure37, Representative Chromatogram of a Control Urine Sample

Fortiffed at 10 ng/ml with PFOA
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Exygen Study No.: 023-082

Study Plan: ExP-023-082
Exygen Smdy No.: 023-082

Baygen Method No: ExM-023-071

Figure 33. Representative Chromatogram of a Control Urine Sample

Fortified at 50 ng/ml, with PFOS .
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Figure 39. Representative Chromatogram of a Control Urine Sample

Fortified at 50 ng/ml with PFOA
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Exygen Study No.: 023-082

™
RESEARCH
Precise Research,
"-.!_Provaemls.

Page 1 of 1
PROTOCOL DEVIATION
Deviation Number: 1
Dats of Occurrance: 10/15/02

Exygen Study Number: 023-082 Protocol Number: ExP-023-082

i
Anatyticat Procedure Summary-il. Calibratfon Standards

Did not prepar:',*.{axtracted standards in human plasma at 1.5 and 2.5 ppb levels,

k3

Protocol deviation Issued:"'-.‘

Recorded Brﬂm M Date: lq'zaldz
[ IMPACTONSTUDY

Mo negative impact because only had limited sample available and the linear range of the curve
was still established without those two levels.

n ’ A’ - -

Principal Investigator Signatfure Date

)R DNeclley " w30l

Exygen Research.

/.
anagernent Signaturs * n  Date
(Sponser} ‘
. Date
Exygen QAU Review - NOC  jaiT/n.
UNFams P ROT O OL_DEVIATION doc & DEBIA00275
* 1058 rch Drive
Sutengalege, PA 16801, USA
T: 80.281.3219
F 8142721019
exypen.com
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Exygen Study No.: 023-082

R E S EARCH
.. ®, Page _1_ of _1_
PROTOCOL DEVIATION
Daviation Number. 2
", Date of Qoourrence; 10/17/02

\__
Exygen SmdyNumber: 023-082 Protocol Number; ExP-023-082

Analytical Pruoedure Summary-l. Method Summary.e.

Eluted with 5 rnL of methanol and evaporated to less than 1 mlL using a nitrogen evaporator and
then brought ﬁnal volume up to 1 mL with methanol.

S

Protocol deviation issued.:“-\_

Recorded By: WQ@—’M Date: /232

IMPAGT ON STUIDY
No negative impact because final (anentration remaired the same, but complete elution of
the analytes was established. .

niA

Principal | tor Signatire B ©
3 L Deck ol }o/ 30107-

Stu i naju Date ,
., ofoz/os
ManGgement Signature %, Date
{Sponsor} |
Dal:e
Exygen QAU Review ‘1 e L[4 ZEZ 2z
UNFoma\PROTQGOL, DEVIATION.G96 Rl ) BI2Z57200218

10158 Research

State College, BiM%a01, usa

T, B00.281.3219
8142721 019
EXypen.com
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Exygen Study No.: 023-082

RESEARCH

Page 1 of _1_
PROTOCOL DEVIATION
b Deviation Number. 3

Data of Qccurrence: throughout study
Protacal Number:  ExP-023-082

Exyge:{"snsdy Number: 023-082

ESCRIPTION
1. Analytical ‘Procedure Summary-method Section 4.5.3.d---several samples were quantified
abgve 10X of the curve,
2. Analytical Fracedure Sumrnary-Method Section 4.5.3.e-—-the acceptance critieria for QC spike
recoveries could riot always be met,

1:2.Protouol deviation issbed.

5,

Recorded ay/ﬁ%w Date: L'_ﬁq&yl

U IMPACT ONSTUDY
1.Mo negative impact because residue was < than 15% above the curve for C6 and C8 for sample
(0204493 Spk V and for C8 for samples 0203965 and 0203945 Dup. Also, the samples that were
quantified outside the curve for THPFOS and- THFFDS were anly fortification recoveries and the
maferity of the recoveries were > 100%.

2.lmpact not determined only documented sinr:e thls method has not been validated for these
arions at these levels. K

i — .

Pdm Signatura 5 Date
Sthey Dirsctg) Signaty Date
Al -

Exygen Research. 000420

Management Signature~” % Date
(Spensar) |
Date
Exygen QAU Review . &/ fo  iglvioz
U\ oma PROTOCOL_DEVIATION, 06 E : WIER0025

gg”mﬁ'mmmam UsA

T: 800.261.3219
F: 8142721019
exygen.com
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Exygen Study No.: 023-082

]

RESEARCH

e

'\

Page 1 of _1_
PROTOCOL DEVIATION
Deviatlon Nutnber: 4

Date of Qcourrence: throughout study

Exygen'Study Number; 023-082 Protocol Number: ExP-023-082

DRESCRIFTION OF DEVIATION
1. Analyteal-Procedure Summary-Method Sectian 4.5.3.g---saveral samples were quantified
below the curve and ND was used for when no peak was detected and NQ was used for negative
results, All other results were reported,

2.Analytical Pmce&qm Summary-Method Section 4.5.3.c--a second set of calibration standards
was not analyzed in aset.

1-2.Protocel deviation Issupd
-._\‘

EY

Recorded By&.u,Q}é_l Decke, Date: (0/3 o/,;rz
IMPACT ON S}

LUDY,
1.Ho negative impact because no claim of, quanttative accuracy has been established.

2.No negatve impact because the exh’acteél:;tnndards were analyzed throughout the set which
provide a QC check on the fhital calibration.

k3

NM- ) I“'-._ i o ..

Principgl Investigator Signature Dxate
f@éﬁ‘bl
Date’
yﬂﬁagemant Signature " Date
{Sponsar)
=, Date
Exygen QAU Review NiL iefzgfor
U FormaP ROTOCOL, DEVIATION doe g B I002/8
3&52?‘!2&&#!11 Drive
Collegs, PA 16801, USA
T: 800.2813219
F 814272,1019
Exygen.com
Exygen Research.
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Exygen Study No.: 023-082

RESEARCH
%, Proven Results.
\.“ Page 1 of _1
% PROTOCOL DEVIATION
Daviation Number: 5

Date of Occurrence: throughout study

Exygen Study Number: 023-082 Protocol Number: _ExP-023-082

1.Analytfcal Procedure Summary-Method Section 4.5.1---the tranisition monitored for PFOS was
49980 _

1.Protacel deviation issu;"d,_:

Recorded B{ﬁ?‘ﬁﬁm Date: ’?%z

| STUOY.
1.Mo negative impact. i
L. H’fq' .‘.."._ - £
Prinelpal stigator Stgnature Date
Ve ' f°f30ﬁ>2
dyiDie Date '
EyA Y.
Mdnagement Signature” Data
{Sponsor) K
. Date
Exygen QAUReview :_ NLC fp]3aim.
U Fomm P ROTOCOL_DEVIATION. ot 1] WISZ0ZS

3058 Research

Drive
State College, PA 16801, USA

T: 800.281.3219
£ 8142721019
exygEn.com
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