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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
i Laboratory Practice Standards (as revised in 1997), ENV/MC/CHEM(98)17 by Exygen

Research, with the following exceptions:

i 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.
' I

i:iJ 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.

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

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

!(i En_ly_R. ]_cker Date
Study Director
Exygen Research

William K. Reagan, Ph.D. Date
Sponsor Representative
3M Environmental

• q

I
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:"i QUALITY ASSURANCE STATEMENT

,i.,! 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
""i conduct according to Exygen Research's Standard Operating Procedures, the Study

Protocol, and all applicable Good Laboratory Practice Standards. All findings were
•I reported to the Study Director and to management.

ii:'i Date Reported to
,>j Date Date Reported to Exygen Date Reported to

Phase .Inspected Study Director Management Sponsor

..... 1. Protocol Review 10/10/02 10114102 10/30/02 10/30/02

;-i 2. Extraction, 10115102 10125102 10125102 10/30/02
i Fortification

3. Raw Data, Draft 10125-28/02 10129/02 10130/02 10130/02
Report Review

4. Final Report 10130102 10/30/02 10/30/02 10/30/02
.i,:i'iil Review
LZ_

:.: Naomi Lovallo Date .

Technical Lead-QA
!

i
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:_,,,i CERTIFICATION OF AUTHENTICITY

:i 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
I (814) 272-1039

,:,.:i Study Director, Exygen

i..i E_I} R. ecker Date
Scientist

,! Exygen Research

Exygen Research Facility Management:

_i:_:_ fd"ohn M. Flaherty Date
_i_ Vice President

Exygen Research

i Sponsor Study Monitor, 3M:

..... William K. Reagan, Ph.D. Date
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i 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

i:! study:
I
/
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._ Paul Connolly Technical Leader-LC/MS

:,J Emily Decker Scientist

I Xiaoming Zhu Technician
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i:i!I 1.0 SUMMARY
1

Exygen Research conducted a quantitative screening on various human serum, human
::i plasma, and monkey serum samples for the determination of perfluorooctane sulfonate
:_I (PFOS), perfluorohexanoate (C6), perfluoroheptanoate (C7), pentadecafluorooctanoate

(C8), heptadecafluorononanoate acid (C9), nonadecafluorodecanoate (C10),
-_ perfluoroundecanoate (Cll), perfluorododecanoate (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

,:j dependent on instrument sensitivity.

Recoveries for fortified samples are given in Tables I-III. Residues of each anion in

i:.i 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 VI.

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.
_kS!

3.0 INTRODUCTION

This report details the results of the analysis for perfluorooctane sulfonate (PFOS),
perfluorohexanoate (C6), perfluoroheptanoate (C7), pentadecafluorooctanoate (C8),

_, heptadecafluorononanoate (C9), nonadecafluorodecanoate (C10), perfluoroundecanoate
(Cll), perfluorododecanoate (C12), tetrahydroperfluorooctane sulfonate (THPFOS), and

i tetrahydroperfluorodecane sulfonate (TI-IPFDS) 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
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i

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 samples 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
:-i purchased from Sigma-Aldrich by Exygen.i

I

Ex_,en ID Sponsor ID Matrix Source
iili 0203963 Lot 020821 Human Serum BioResource

._ 0203964 Lot 22K0965 Human Serum Sigma-Aldrich

.i,:_,i 0203965 Lot G0140604 .Human Serum Golden West Biologicals
:::i!t 0204292 X328-A Human Serum Lampire

0204334 TCR-684 Human Plasma Golden West Biologicals
_ 0204335 TN-A-06332 Monkey Serum Lampire
=.._ 0204490 TCR-674 Human Plasma 3M (plasma from rural China)

0204991 TN-A-6337 Human Plasma Lampire
'i 0204492 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

_i 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 concerning sample receipt,

processing and storage can be found in the raw data package associated with this study.

i_i 5.0 TEST ITEMS

The analytical standards PFOS, C6, C7, C8, C9, C10, Cll, C12, THPFOS, and THPFDS
i_I 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 Exygen Inventory No. Lot No. Purity (%) Expiration Date
PHAA (C6) SP0002086 NB 117735-32 TBD 01/01/10
TDHA (C7) SP0002091 PU/07219EU 99.5 01/01/05
PFOA (C8) SP0002087 210002 >97 07/19/07

_i PFNA (C9) SP0002085 H7568 >99 07/19/07
i!i!t C 10 SP0002090 R11K 98 12/01/10

C 11 SP0002093 U 11N >99 07/19/07
C12 SP0002089 R24K 96 12/01/10

PFOS SP0002084 217 86.9 08/31/06

THPFOS SP0002088 Q75-91 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 .

F F_S03
• i

F F F F

ii:,iii
Name: C6•'LI

Chemical Name: Perfluorohexanoate

! Molecular Weight: 313, as shown

!_-; F F 0

F F 0I F I FII .
I F I F I
F F F

:_i Name: C7_, Chemical Name: Perfluoroheptanoate
J Molecular Weight: 363, as shown

i_ F F F 0

.F F_O.
__ F F F

Name: C8

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

•_ F F F 0

F O"

F F F F
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Name: C9

"_'i Chemical Name: Heptadecafluorononanoate
Molecular Weight: 463, as shown

,_ F F F F 0

"' F F_ 0i
I

' F F F F

Name: C10
Chemical Name: Nonadecafluorodecanoate

Molecular Weight: 513, as shown

E ,{

'[ :I F F F F 0

-'] F F_O'J F J F J 'F l 'F [J "
I r I F I r I I- I

...._:_ F F F F F

" ]

i Name: Cl1
Chemical Name: Perfluoroundecanoate

Molecular Weight: 563, as shown

li:,!,:_ F F F F F 0
"J F

0"

_ii F F F F F

' ; Name: C12._)

Chemical Name: Peffluorododecanoate

Molecular Weight: 613, as shown

F F F F F 0

F_@_@_
F O"

, F F F F F F
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Name: THPFOS

,.._:_ Chemical Name: Tetrahydroperfluorooctane sulfonate
I

'_ Molecular Weight: 427, as shown

F F F H
/F/F/F/H

(:! F F_S 03"
!'_] F F F H

Name: Tt-IPFDS

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

L_iil F _ F F F Hr F F F H

F F__@_@_S03"t" t

L.I F F F F H

• 6.0 DESCRIPTION OF ANALYTICAL METHOD
i .l

Analytical method entitled "Method of Analysis for the Determination of
Perfluorohexanesulfonate (PFHS), Perfluorooctanesulfonate (PFOS) and
Pentadecafluorooctanoic Acid (PFOA) in Rat Liver, Serum and Urine" was used for this

_'_t study. For this study, several modifications were made and have been documented in the
_:_ protocol/protocol deviations.

_1 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 mL
using a nitrogen evaporator. Bring final volume up to 1 mL with

. ,i methanol.

_'_:l 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.
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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

i] specified in method ExM-023-071. The stock standard solutions were prepared at a
concentration of - 100 _tg/mL by dissolving ~10 mg of the standard (corrected for purity
and salt content when appropriate) in methanol.

i ! From these solutions, a 1.0 _tg/mL mixed fortification standard solution was prepared by
transferring the appropriate volume (~0.4 - 1 mL) of each of the stock solutions into a

i21 100-mL volumetric flask and bringing the volume up to the mark with methanol.
i

.... The 0.1 i.tg/mL mixed fortification standard was prepared by transferring 10 mL of the 1.0

i:i:_;t:___ pg/mL mixed fortification standard into a volumetric flask and bringing the volume up to
_:_ 100 mL with methanol.

_:i:J 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

!_!i_il 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

i

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.

.... !

_'i!i 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

Exygen Research. Page 16 of 111



Exygen Study No.: 023-082

t

reported as Not Detected CN-D) 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 AP14000 Biomolecular Mass Analyzer, (LC/MS/MS #8)
_:! SCW_,XTurbo Ion Spray Liquid Introduction Interface

Turbo Ion spray temperature = 350 °C
Auxiliary gas flow = - 7.0 L/min

i Harvard Infusion Pump

.... Computer: Dell OptiPlex GX 110

i,' Software: PE Sciex Analyst 1.2

_-_, HPLC Equipment: Hewlett Packard fliP) Series 1100' [

....._ HP Quat Pump HP Vacuum Degasser
HP Autosampler I-IP Column Oven

HPLC Column: Genesis C-8, 5 cmx 2.1 mm i.d. x 4 g (Exygen ID: 71A)
(JONESCHROMATOGRAPHY: Part No. FK5962E)

Column Temperature: 35°C
Mobile Phase (A) : 2 mM Ammonium Acetate in Type I Water

'_ Mobile Phase (B) : Methanol

ii:t Time (rnin) % A % B Flow Rate (mL/min)0.0 90.0 I0.0 0.3
_--_ 2.0 90.0 10.0 0.3

5.0 I0.0 90.0 0.3

"l_!:] 9.0 10.0 90.0 0.3
9.5 0.0 100.0 0.3

14.0 0.0 100.0 0.3

.._ 14.5 90.0 10.0 0.3
i 20.0 90.0 10.0 0.3

Injected Volume: 15 gL
Ions monitored :

Anion Parent ion Daughter ion Dwell (secs) Declustering Potential Collision Energ2L

i C6 313 269 0.1 -20 -10
, C7 363 319 0.1 -20 -10

C8 413 369 0.1 -20 -10
C9 463 419 0.1 -20 -10

', C10 513 469 0.1 -20 -10
!_i Cll 563 519 0.1 -20 -10

C12 613 569 0.i -20 -10
PFOS 499 80 0.1 -85 -80

THPFOS 427 81 0.1 -65 -60
THPFDS 527 81 0.1 -75 -66
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.... 6.6 Quantitation and Example Calculation

Fifteen microliters of sample or calibration standard were injected into the LC/MS/MS.

i The peak area was measured and the standard curve was generated (using 1/x weighted
F 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:

i

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)
slope

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

Equation 2:

_iI Analyte found (ppb = ng/mL) = (analyte found (ng/mL) x FV (mL) x DFsample volume (mL)

':_'=_ FV = final volume
_._""_ DF = dilution factorL,_u

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

Equation 3:

i Recovery (%) =
i

ii_iit [ total analyte found (ppb) - analyte found in control or sample (ppb)] x100
analyte added (ppb)

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

i ! 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

i_i! 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 = 1 mL
_'_, 2 rnL
_2i sample volume =

?ii From equation 1:

Analyte found (ng/mL) = [54636- 632.2771

_-] 59435.9
'Lt

= 0.9 ng/mL
1

From equation 2:

_._ 0.9 ng/mL x 1 mL
l,i_!_ Analyte found (ppb) = 2 mL

= 0.45 ppb (ng/mL)

_ From equation 3:

I % Recovery = (0.45 ng/mL - 0 ng/mL) x 100
0.5ng/mLi

! = 90%

Note: This example calculation was done using rounded numbers, and therefore
_:' may be slightly different from the values shown in the raw data.
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t

_:::i 7.0 EXPERIMENTAL DESIGN

For the screening of each sample, duplicate extractions were performed. Also, each
z_i:_i sample was fortified at 0.5 ng/mL and 5.0 ng/mL and then taken through the extractionLL,,I

• 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

:-q fortifications in the data set and were not used for the calibration curve. Since there was

residue detected in the samples for TI-IPFOS and THPFDS, an additional analysis in
which a three-daughter ion confirmation was performed.

v- I

,_ 8.0 RESULTS
d

There was no significant residue detected in the reagent blank analyzed with these

ii!i] 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.

_;s_l_i_ Recoveries for fortified samples are given in Tables I-III. Recoveries outside thesuggested 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

_i 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 anion in monkey

i serum 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-

i,;ii 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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i 9.0 CONCLUSIONS
i

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.

i
, I

!!
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.

? i

!j 11.0 RETENTION OF DATA AND SAMPLES

_?_I 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

....i of Exygen Research for the lifetime of the product. Sponsor permission will be obtained
before discarding.

,L:)!
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Table I Summary of Recoveries for Calibration Curve in Calf
__ Serum Compared to Standards in Methanoli

i*'_',':t %Recover),

Fort Level
i

SamplelD SponsorID (ng/mL) C6 C7 C8 C9 C10 Cll C12 PFOS THPFOS THPFDS

XC101702-0 NA 0.0 ....... ** i _
i

XCI01702-I NA 0.2 i 85 120 163J 151 155 96 87 ** 148 140
; I

XC101702-2 NA 0.5 198 111 127:132 135 110 111 ** 159 144

..... XC101702-3 NA 1.0 90 113 1091 124 112 111 116 ** 141 120
XC101702-4 NA 1.5 102 113 1211127 121 120 121 ** 157 138

i,i:/_I XC101702-5 NA 2.0 102 108 117] 122 115 109 110 ** 152 129
XC101702-6 NA 2.5 97 99 1111 107 103 98 ! 98 ** 141 122

XC101702-7 NA 5.0 95 ! 97 109 [ 108 104 1061 105 i ** 141 124!:i1
_ t AVG: 96 109 122 124 121 107 107 ** 148 131
L:J STANDARD DEVIATION: 6.2 8.2 19.1 15.0 18.6 8.2 11.5 ** 7.8 9.6

RELATIVE STANDARDDEVIATION: 6.5 7.5 15.6 12.1 15.4 7.6 10.7 ** 5.2 7.3

_:_ Table II Summary of Recoveries for Calibration Curve in Human
Plasma Compared to Standards in Methanol

% Recovery

Fort Level
_,! Sample ID Sponsor ID (ng/mL) C6 C7 C8 C9 C10 C11 C12 PFOS THPFOS THPFDS

XC101502-8 TCR-674 0.0 _ _ i .I
XC101502-9 TCR-674 0.2 90 120 126 86 33 115 109 ** 142 133I

XC101502-10 TCR-674 0.5 87 121! 146 115 84 132 114 ** 160 142
XC101502-11 TCR-674 1.0 96 1131 121 104 90 110 108 ** 151 123

i XC101502-13 TCR-674 2.0 107 1141 129 107 112 114 120 ** 150 137

., XC101502-15 TCR-674 5.0 95 97 I 106 97 98 101 104 ** 127 113
AVG: 93 113 126 102 81 114 111 ** 146 130

i 12.4 11.6
_i:i'ii STANDARD DEVIATION: 10.2 9.6 14.4 10.9 29.2 11.3 6.2 **..... RELATIVE STANDARD DEVIATION: 10.9 8.5 11.5 10.7 35.8 9.9 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
::I Spikes

Calf Serum

._ % Recovery

....i Fort Level

Sampled SponsorID (ng/mL) C6 C7 C8 C9 C10 Cll C12 PFOS THPFOS Tt-IPFDS

:i_ 0204718SpkB NA 5.0 84 85 92 97 95 I 96 [100 ** I 118 108 i
' AVG: 91 98 96 112 105 96 103 ** 131 117

STANDARD DEVIATION: 9.9 17.7 4.9 20.5 14.1 0.7 3.5 ** 18.4 12.7

r:i_"i RELATIVE STANDARD DEVIATION: 10.9 18.1 5.2 18.4 13.5 0.7 3.4 ** 14.0 10.9

ii:i Human Serum

% Recovery
" _!i

Fort Level

SampleID S_ponsorID (n _) C6 _ ¢8 C9 el0 Cll (212PFOSTI_FOS TI-IPFDS
0203963 SpkC Lot020821 ° 311241151116°1 ** I 228 198
0203964SpkD Lot22K0965 0_ 91t 96 [110 [ 107[ ** [ 133 117

_,,_, 0203965SpkE LotG0140604 0_311181139[1321 ** ] 265 149
i{4! 0204292 Spk F X328-A 0_8 [ 129 [ 128 [ 131 [ ** [ 182 149

:_ 0203963SpkM Lot020821 5_6[131[137[134[ ** [ 321 168
,iN 0203964SpkN Lot22K0965 5_8 I 97 110711131 103 I 118 109

_t 0203965Spko LotG0140604 5_91110111711151 ** I 198 121
_!_ 0204292 SpkP X328-A 5.0 116 113

AVG: 83 111 197 129 114 124 125 ** 195 141

STANDARD DEVIATION: 24.3 17.6 113.1 32.6 14.0 17.7 17.8 ** 73.7 31.4
=_J RELATIVE STANDARDDEVIATION: 29.3 15.9 57.3 25.3 12.4 14.3 14.2 ** 37.8 22.3

** 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
'_:':I Matrix Spikes

Human Plasma

% Recovery

" ] Fort Level

SamplelD SponsorID (ng/mL) C6 C7 C8 C9 C10 Cll C12PFO,' THPFOS THPFDS

0204334SpkH TCR-684 0.5 69 94 211 152 107 93 1103 I ** 122 113
0204490SpkJ TCR-674 0.5 78 78 73 84 90 91 I 96 I! ** 107 102

0204491SpkJ TN-A-6337 0.5 91 97 168 140 110 91 I 93 ** 113 116

0204747SpkG TCR-683 0.5 89 124 406 182 143 1321 120 ** 159 146

_ 0204334SpkR TCR-684 5.0 96 ::100 131 110 110 98 I100 ** 114 112
_::J 0204490SpkU TCR-674 5.0 86:85 92 90 92 92 I 96 65 109 102

0204491SpkT TN-A-6337 5.0 97 I 96 109 101 951 86 I 88 ** 113 106

i 0204747SpkQ TCR-683 5.0 82 I 85 106 92 901 83 I 83 ** 111 94
._I AVG: 86 95 162 119 105 96 97 ** 119 111

STANDARD DEVIATION: 9.4 13.9 108.0 35.3 17.8 15.3 11.1 ** 17.0 15.7

RELATIVE STANDARD DEVIATION: 11.0 14.7 66.7 29.7 17.0 16.0 11.4 ** 14.3 14.1

Monkey Serum

% Recovery

S.m_.p Spo_orm&__mI.____Z_C6 C7 C8 C9 Cl0ClXC12VmST_FOSr_ms
_] 0204335 SpkI TN-A-06332 0.5 114 129

0204492 Spk K TN-A-06333 0.5 162 155

0204493SpkL TN-A-06336 0.5 132 120
0204335 SpkS TN-A-06332 5.0 107 104

::" 0204492 Spk U TN-A-06333 5.0 124 116

_ TN-A-06336 5.0 141 120
: AVG: 109 97 106 101 106 102 105 ** 130 124

STANDARD DEVIATION: 13.7 9.3 20.6 27.4 11.1 15.5 11.5 ** 19.8 17.2

RELATIVE STANDARD DEVIATION: 12.5 9.6 20.4 27.2 10.5 15.2 10.9 ** 15.3 13.9

** 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)

i ! Sample ID Sponsor ID C6 C7 C8 C9 C10 C11 C12 PFOS THPFOS THPFDS

0203963 Lot020821 0.0261 ND 2.85 0.683 0.228 0.371 0.0333 32.0 I ND 0.0743

-_ 0203963 Dup Lot020821 ND ND 2.93 0.684 0.22 0.373 0.0282 33.3 I ND 0.0599
0203964 Lot 22K0965 ND 0,0940 1,45 0,307 0,107 0,0942 0,0122 8.64 I ND 0.0402

i

0203964Dup Lot22K0965 ND ;0.0976 1.450.2760.108 0.115 0.0172 8.951 ND 0.0412
0203965 LotG0140604 0.0687i 0.145 5.93 0.508 0.214 0.207 0.0199 29.71 0.0440 0.0846

0203965 Dup Lot G0140604 0.08841 0,170 6.00 0.557 0.204 0.236 0,0184 29,3 I 0.0436 0.0944
- 0204292 X328-A ND 10.115 3.58 0.634 0.189 0.137 0.0169 16.61 0.0221 0.0791

)_,_ 0204292Dup X328-A ND 10,12 4.21 0.772 0.221 0.149 0.0490 20.61 0.0394 0.0946

, _ Table V Summary of Residues for Human Plasma Samples'o:,.j

Amount Found (ng/mL)
i

Sample ID S _10 C11 C12 PFOS THPFOS THPFDS

0204334 - _ 14.8[ 0.0140[ 0.0539 [

0204334Dup TCR_06951 ND[14.91 ND [0.0609[
0204490 _4581 ND[4.7810.01151 ND [

0204490Dup _67[0.03571 ND14.841 ND I lVD I
!.:i_!,I 0204491 TN_50I I ND] 11.41 ND 10.02521
: ! 0204491Dup _5810,03461 ND 112,61 ND [ __hiD [

0204747 _ ] 14.11 0.0193 I 0:0843 I?z?q
!_'t _ TCR-683

ii! Table VI Summary of Residues for Monkey Serum Samples

Amount Found (ng/mL)

Sample ID Sponsor ID C6 C7 C8 C9 C10 C11 C12 PFOS THPFOS THPFDS

' 0204335 TN-A-06332 ND ND 1.25 3.24 0.286 0.540 0.03651 17.2 ND 0.0141

i 0204335DupTN-A-06332) ND [ND 1.72 4.37 0.396 0.650 0.04641 22.4 ND ND
!

0204492 TN-A-06333 ND ND NQ NQ 0.103 0.137 ND I 16.5 ND 0.0130

i 0204492DupTN-A-06333 ND ND NQ NQ 0.0880 0.114 ND I 16.4 ND ND

!_i 0204493 TN-A-06336 ND ND NQ NQ ND 0.09390.02271 14.8 ND ND

0204493Du[ TN-A-06336 ND ND NQ NQ ND 0.106 0.03211 18.1 ND ND

ND = Not Detected

NQ = Not Quantifiable (negative residue calculated)
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Figure 1 Chromatogram Representing 0.1 ng/mL Calibration
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Figure I (cent) Chromatogram Representing 0.1 ng/mL Calibration
Standard
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Figure 1 (cant) Chromatogram Representing 0.1 ng/mL Calibration
Standard
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Figure 1 (cont) Chromatogram Representing 0.1 ng/mL Calibration
+_+_ Standard
:+i !
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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
+_L_ Plasma Sample at 0.5 ppb

(Exygen ID: 0204490 Spk J, Sponsor ID: TCR-674)
IlSw, pler_'lolTo2-140- s*n_*lt_'St_" F_'m_m,_m_ql.v_r

_,: _ • C_nm_'_2044imSpaJ.0Jpl_ _ -
s_.el, zada., 41L
saa.el* _yp*l
¢on++nc=atlOnl 1.00_0 _/_ _4C0, 1._47T
CilGslaCed era. 0*000 a4/_

"1*! _:q, Tim, 03,40,_) _I IICO.

, _difLi4, _i
xo£,* _ela_old i 30.20 _l
ar_ _u:em_ld i 100.9| elm IIBI.
)_.l. saoo_ha,
IT wlna_l 10.0 IN

• *p. Vidtl_ i 0.20 _- le_o.
s*p. II*Lvht I o.01

Imp. AdS. l_Lol 4.00 • 11C0.
r,x_. v.l. largo, 3.00

$_lp 11 Zdell 411
lalJ_ le _Ii (Ic 9,1224

Con,n_l:ril_ toni 1.000 _ll/ll.t- 1114ci1_11t_4 C_m 0.0o0 no/a_, •

[C_* _tll I0111102 1.7d
J_lq. T_III * 63140111

1,1_4

Ilod_tied+ _'llnum,ch+Lne _o=, ImP4
_o_l. _n:elhoZa, 14o.17 _1
• r.. _*l_old, 12oi.11 _i 1.41+4

let Vtnd_, 3o.0 i_ 1._

s*p. W_dl:_ I o._o = I._14
s*_. Ilei_thl:, o.01
Ix_. i_l_lc l&c@.ol 5.00 • _,144
l_. Adl. 11_£o* I.oo

+.'+_l Imp. v.1. I_¢+o, ).oo 1.oe4
i_,+ U_* IlelatLve Itfl k

+++++_+ .... ,_,
l+lll ),5141) mmgl u 7_0+0 +mlv_m, 1.13?l*O0i ql
l_l_m ?ml I.I13 I_I
Ima +_i S.lO l_n _0.O

:.m,+ 1

_.0!'+?15t

_.:_
_.o

10m,0

•* ........... .+- ._..... ._,,.,.,_,_,,_*_-_._,_i z + + * + _ ,,_,o,,m,_.._,, ,m

_ 'm_o4_lO _pk,LU i_" ..emWlor, c-

sl_• _.l 1.0 Qcoo I_ LN4•colwen++r*l:/on, _II_L

J_q, Tl_ml O!114011l 11,

lul_Mnl e*_o_l l** 1100
_o_e. _*lhatal ?.zg

08

.....+_ " --";r_,;-=:_, ,,.,, ..
1000

•.xlll_ Id ITI l*ll i_II
i s*p. _tdtlt* o._0 _- Im_

i lep. l_£ght i 0.oi _

EX]II. IidJ, llaltIol 4.00 :I
Ix'D. vii. l_/ol l,O0 •

UI* I*]**t[n Ill [

• _ i Int. N* I(an_l :!g ........ _-,..Ill_lhl: t _.i)Ol*0li apl _ J
.. sq:icl: ?LIi, 1.17 i_11

2IO0 _.24

, Tim+, mm

Exygen Research. Page 34 of 111



o

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 3 Chromatogram Representing a Human Plasma
Sample (Exygen ID: 0204490, Sponsor ID: TCR-674)

I I _('1017ce.lacP _.._1_. "Sa._" Fa_'_i_mlmmml_waf
I _ Nsm_ "C6° _u): "3t:+_.0 m_r

Ulll¢tm Za4oxl li
IiI_Ig _al _ ?.M41
co_el_cr +t _._n x/_ _II
Caloulatld conl_ O.OOO mllnb _4_0+

+" ACq. _l_ll LOlZilO2
A,_q. TLm++ 01rOl+Z2 RI

ISl_ f LI4, _ a_O,I_himw rN_arl
SeLl. ?l_.ltso141 tJ.l.ll elm al_O, II.CO_I
a,lP_ _*.hold, S?2.0_ ,_+
IvJI. sv,_ll i 2leo O_4_Z

ImNotl<l CP, I*Sl 11111 -- 24_0.
lip. lScll_l_, I.Zoi_:"i
Ilp. Illiohl: i I.ol . _s3-i Exp. l_llk ll_+.o. S.0O

' l_p. Pd_. tl_+,o. 4,00 = 3000 1.1)07_. Vi_. I_=Lo, re.o• •

Uu h).auL_ l_Pl lkl -- IKO.

-] lnl:. _l, ]1o l,l_k IlmO.

++ - i •Ill•2 lO.lI_II

O
i l a 4 S / 7 • 8 I0 II

i PaatNam_ '07" ka_N):"3na.C_tL0ml+

c_lcu t_t:ml cm_o_ O.OOO _I/i_
&_cq. oll_e ¢ 10/lII01
l_q. _J141 OlI01112 _I

.; h_lo _b_eehOtd, _cll.I4

m_Ji. llo<,_ha, 4

+Otld ITI 1,71 i_1-n
II[+ l[d+_ 0 oe_o
_p. alel_mm + I;.oi

: Imp. _lk l_ttOl 5.oo

]nt). _d:l. x_t•, ./x+'°° _ I

Ia_. Val. lt_e£oa LO0

! u•e It•lacL_ I_i Io _. _OoQ

ht..l;L_ _, i.tn • 2Sco

,t_+?, Xl L_rl_++ Ilia I !.97

?Lu, Xl_ nJ+n

i_ t 3 S 4 i I ? I I tO It

i,oml.m_v.W"

sam, x+ zldex. 11
I_Xi _pII _s]C.l__ 9.0174
Com_I_sg _on I NI& _r71

ii.; j c.x_•_,_ co.., o.ooo m_/.,_ _co.
+]_:_ Aeq+ _Cll iOllllO2

_4gq. TJ_1141 0110] i_

"_ Moil• 'r_llholdl 141.70 ©_l 4_002
All• "_hzl.h_Id, 7of.st ape• ,

I? w£nd_, 30.0 I_ _ osmao

_.ao

IXp. t_Ik h_le, _.oo _ as•0

' use lleL•_++v• It?, 3000.

xeL+lh_1 4 .I11•+003 c p• _ I_e07t
a_•cc _'LI.• l I.?I I.L. 20_0 9.4&II

i !4 -
80Q _OT 7•3011 7N

1 2 1 4 i 4 7 8 i 10 l1

Exygen Research. Page 36 of 111



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

Figure 3 (cont') Chromatogram Representing a Human Plasma
Sample (Exygen ID: 0204490, Sponsor ID: TCR-674)

gl.,nWm+N_'10tTOl.la0" _m.,Cal_"_r,_e" R_'M+um_nmmm0.vt,+_
PI.III Nln_ '_1 r kllll<el_ "IIIo+0t_ 0 Ira"

S_le 1_,'ip.i unX.,_m O+114711

cax©.lat*d cOMl 0.000 nll/llt.
..... + A©II. _tr.e i I01t8101
L+(..:.+ Aaq. +till alt0l*l+J lm
!.'t

! _+ied, .87M
l'+_hla_ll Y*lltor | _,o
ll_lll 'r_lslaol+d * 20.20 c_l
&_ll _lllrllho 14 s 100.II _-,pl
mill. ImcChll i
r';" wirdov f )o.0 i_

I_ =I=,i<I ItTl 9.15 a.ta _? lel_* vldl:h i 0.20
!"+_ sep. bigh=l 0.01 100

It_. PuJt It_l:iol 5.00 _ &+le2l

Ixls, _11t . ILIgLOl 4.00 I 110z._lD. VAlo luLtl.o, LO0
UH lela_Lv* IT, No

140
X=_. "_yp*, u* _,*k O+4?+i IO+2_0

-_ _,,..,_+t.,,,rt..,, .,+.,. +.--"x"+,,'0. :

I171_

st.tin ,rt,,., IlIA
: m Tluml Ill&

11.3_07

_:*_it _'n'_
:_.' I t._O7 _,.l'/'ee :l.37,rJ l+_2,11z i+0057 ?.07 1.

! I $ 4 0 II 7 8 9 to 11

_ hklm_:"PFO_° kkm<Ng *4m._/l_.0 era"

hmx* _y_** Ul_mmm O+I:_Q
• ,_ coM_t+rltion, Ilia 1.714

¢*lcvla_ed C_l o.ooo rill IIii.

&eq* Dal_o I 10110103 I.E_4
A©q. Ti_* OllO]l_,_ I0111

: lloil* 'rl_relkoldl 240,17 +'pl 1.k+4.b

f JLlrii "PI_1iklo _(I l I;I0_. 80 Iml
t_m. _looCh,ll i 4 1._*I.

zz_e_*d ira-, _,II II,ILn 1+214.
• p Width* 0.2o
|ep. Rolsrh¢ i 0*0L
r,m. lhlllc IL*+I;iO, 5.0o *

1.0o4,hp* Ad_* Itlltc£ol 0.oo =
lXl_. vll. x+l_iOl 3.0o
_Jle fte_.l_:_ve ITl NO _ _O+O.

le¢en¢ton Till _._5 ILn
k¢ial 1012_1 _oI¢I _ 7_00O+.
Kliohl= I 1.7)30+001 epe _

:I ,,eoo.o.

.ct,lr_Nam_.lOl10,Z-180" ,Silllqpkll[_.Sll,lllt#_. Fde;'m41_wltl"
,=_t_ reel,ram"'r-el_FO,S" kk,.ll<_): *4.Tt.0,tll.0 irmr
Commlmr '0a_441)0" ,k,,-_++_"

smmx* XMIXl 10

s_,m?.. 'I'i_*, I/nk_ ll.S'/_l

Co_lnl;ra¢iOnl Ilia _E4

c.z©.z._._l con=, 0.oo0 ml / i,,i,, mo
:: ,1 J_q. _ll;.l L01XI/02._ _q. T_.m,, 01,03010 1'11

l<o<ll_ted, _.1 _ollun=hil_l I'_I:o_ l
_oi** "Pl_**laold i 7.11 CPll*

t Alrel 't"l;_lshold i 30.03 In;,. dso
II..ul. _r_oo=hl + I

30.0 ii
_4_e eel KTI 1.$0 II_II 400
sep. Wtdeh, 0.00
Sip. Heigh¢ i o.oi
L'CO* Pe*k It*l:2o, 0.00 * 060
I+,1_. X4_. It+,_iol 0.00 =
I_xp. Vii. Ita_Lo, :_.00

i Uoe ieI*¢ive &T* No _ 300

Ilglal:_, _ T.J,_ i

X*/,ghl: * 6.7].2.*0010 =p.
.,:._t+_.t,,,., 0.,_ .i. =co
ItlMl _P_,, 0,10

:. _ ._ &31

6O 7.mNrl

i 2 '+' - i - S s "_-- * s !0 *!
T_*,mm

Exygen Research. Page 38 of 111



°

Exygen Study No.: 023-082

Figure 3 (cont') Chromatogram Representing a Human Plasma
!__ Sample (Exygen ID: 0204490, Sponsor ID: TCR-674)
• i la,,mclm_'lOl?_e.lao • _1(_=* Rk*_n_r

I PMkNwe:_" Mau(_):l_7._Snl.oamu"J
" l _ _944S_ Jvv_41_ "

s*IwZe Ind.*i_t* TylNa m.lll_

eo_tracLoal X/A _
c=2_1*¢*d C_= e.ooo nel_

;ii ...............Acq. Tl'_a 06|O)_U III _0

xodilLmd*
leoLs* "tbr **botd = I.|0 al_ aDO
_ru ,r_=_14 = ILLJS =p,0

"_ r,]q_ ¢idt I'? I.]l i_lt, = = -
llep. Wld¢_I O.3o :s
.slip HiLfh¢ i 0.01 _t3

i ]_q). _ list.toe 5.00 •
_. J_tJ. ItAtLOI 1.oo = _0,
Zzp. vax. it_=to= 3.00 •
ulJo I*IicLIO i_1 _ 1_'

Ketahl: i llA
I1:_¢ ?_til II& 1_0,

liD, 1_3131 IOJl07

_'__"_*_ _0. _ .,,, ,._

?t
i=J

¸'¸¸'7

]

Exygen Research. Page 39 of 111



Exygen Study No.: 023-082

i

Figure 4 Chromatogram Representing a Sample Analyzed for Three
_+i Daughters for THPFDS

(Exygen ID: 0204292 Dup, Sponsor ID: X328-A).
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• StudyPlan:ExP-023-082
ExygcnStudyNo.:023-082

-_ STUDY PLAN

_:.

Study Title: !
i L

:.-: Analysis of Pooled Human Sera and Plasma and Monkey Sera _!
_,_.i for Fluorocarbons Using Exygen Method ExM-023-071 :

_ Study Plan Number: ExP-023-082
)

_ Exygen Study Number: 023-082

performing Laboratory: 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

,:.)

:L'/L
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Exygen Study No.: ff23-082

_,_v_I

: { : t

i

I 1) EmilyIL Decker, Study Director,Exygen Research t_'i:

* 2) William K. Reagen,SponsorStudyMonitor,3M

- _ 3) ExygenResearchQuality Assurance Unit
I

i

1

LJ i. ,
1

' Iil i! •I
' ii .

i

i

:

I

'.i
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StudyPlan:ExP-023-082
ExygcnStudyNo.:023-082

) .

i
>.:n I

I I StudyTitle:Analysisof PooledHuman Scraand Plasmaand Monkey Serafor _,
. FluorocarbonsUsingExygenMethodExM-023-071 _!

I

::: StudyPlanNumber.ExP-023-082/: :.I

',) ExygenStudyNumber.023-082
...L.

I

! ThisstudyplanwasauditedbytheQualityAssuranceUnitofExygenResearch._,,_
I I

!
' NaomiLovallo Dat_

i>"!
I TechnicalI._ad-QA
[
1
s

: APPROVALS

_._,_!

_z_lly P_Decker, StudyDirector Date

_,, { Exygen"

[ ¢,_ohnFlahexty,Vice Pz6sident,Facility Management Date
":"_ Exygcn

'. William Rcagcn,SponsorStudyMonitor Datei

l 3M

I-

: ___..,t___

)

, !

i
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•: A

_ The purpose of this study is to perform analysis for perfluorooctane sulfonatc
(PFOS), pcrfluorohexanoic acid (C6), peffluoroheptanoic acid (C7),
pcnt_decafluorooctanoic acid (C8), hcptadccafluorononanoic acid (C9),
nonadecafluorodecanoic acid (C10), perfluoroundecanoic acid (Cll),
pcrfluorododccanoic acid (C12), tetrahydroperfluorooctane sulfonatc

--.::_ (THPFOS), and tetrahydroperfluorodccanesulfonatc(THPFDS) in pooled

; human serumand plasmaand monkey sereusingE,xygenmethodExM-023-
_,,_:,I : 071 entitled '_Method of Analysis for the Determination of
!:"_ ' Pcrfluorohexanesulfonate(PFHS), Perfluorooctanesulfonate(PFOS) and

PentadecafluorooctanoieAcid(PFOA)inRatLiver,Serum andUrine."

i i The studywillbe auditedforcompliancewithOECD Principlesof Good
, LaboratoryPractice(asrevisedin 1997),F._NV/MC/CHEM(98)I7by the

QualityAssuranceUnitofExygenResearch.

The test items are perfluorooctane sulfonatc (PFOS), perfluomhexanoie acid
(C6), perfluoroheptanoic acid (C7), pentadeeafluorooctanoic acid (C8),
heptadecafluorononanoie acid (C9), nonadecafluorodecanoic acid (C10),

...... •. perfluoroundccanoic acid (Cll), perfluorododecanoie acid (C12),
_i tetrahydroperfluorooctane sulfonate ffHPFOS), and

tctrahydropcrfluorodccanesulfonatcCIT-IPFDS).Alltestitemswere received

from the Sponsor. I,

Name: PFOS

' Chemical Name: Perfluorooetanesulfonate i

_i_:] : Molecular Weight: 499, as shown i

F F F F ,.
] F -J F. J F. [FF F F F .

F _S03
I

,_ F F F F

i

t
i
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Exygen Study No.: 023-082

_i ",, . . Name: C6
, ChemicalName: Peffluorohexanoieacid
i

:_:,} ! MolecularWeight:313,asshown
! F F 0

'---FT iF"I"-o"
F F F

_:i!_ ' Name: C7
Chemical Name: Pcrfluorohcptanoie acid

-:,:_I Molecular Weight: 363, asshown
, l

F F F 0

",
:::l F i'

I 0 o

F F F i
i, I

i

_ Name: C8
Chemical Name: Pentadecafluorooctanoicacid

t%_b!t;bt

'!_'_!_ , Molecular Weight: 413, as shown

F F F 0

F (_'t'_'t'_'t" "O"
F F F F

Name:C9 "-
ChemicalName:Heptadccafluomnonanoicacid

' Molecular Weight: 463, as shown

F F F F 0

! F
;ii 1 0"

! F F F F

" Page 6 0f59 "
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i::] Name: ClO
; _ ' ChemicalName: Nonadecafluorodecanoicacrid

"7! ! MolecularWeight: 513, as shown

i F F F F 0

" ; "0"
/ I- / t"/I- /1" /

-_ F F F F F

Name:Cll

ChemicalName: Perfluoroundecanoicacid

!:_l'?i_ i MolecularWeight: 563, as shown
I
I

i F F F F F 0

i'_ii !I.! F F_
0"

, F F F F F

i': i
Name:C12

i_,_ • ChemicalName: Pcrfluorododccanoicacid

_-!I_' Molecular Weight: 613, as shown

! F F F F F 0

I F O"

I F F F F F F

,..... Name"TttPFOS
_ ChemicalName:Tctrahydropexfluorooctanesulfonam

_ MolecularWeight:427,asshown

F F F H
: i /F/F/F/H

......_, _ F S03"
.l

"_ i F F F H

t/.J '.
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• I

• _ Name: THPFDS
• ' ChemicalName: Tetrahydroperfluorodecanesulfonate

MolecularWeight: 527, asshown

: ,r,=,=,=,.F'FF F . !

F_503 I
: F F F F H

' .i 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 fluoroeompounds using the
. analytical method, "Method of Analysis for the Determination of i

Perfluorohexanesulfonate (PFHS), Perfluomoctanesulfonate (PFOS) and I
Pentadecafluorooctaaoic Acid (PFOA) inRat Liver, Serumand Urine." r.

i

!!_-'_il ExygenResearch
_ 3058 Research Drive

State College, PA 16801
Phone: (814) 272-1039

I
__ Emily Decker 1.

Scientist
: ExygenResearch

Phone: (814) 272-1039
emily.decker@exygen.eom

t

3M EnvironmentalLaboratory
:-_ _ Building 2-3E-09

St. Paul,biN 55133-3331
Phone: (651) 778-6565

• _o_,8o.:59 [
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Exygcn Study No.: 023-082

4;:'.
' i I

i

i WilliamReagen
I Building2-3E-09

•i : StPaul, MN 55133-3331
, Phone: (651) 778-6565|

.... wkreagcn@mmm.com

i

: !i:_ I

_ , o _I

iJ3 1 It is proposed that the analytical portion of this study be conducted from!

_-l i October 14 to October 21, 2002. The actual experimental start and
• 1 i terminationdates will be included in the final report.

I

• AllcommunicationsbetweentheTestingFacility,methoddevelopers,andthe

i_?i_'._ : Sponsor will be directed through the Study Director (or designate) and the' Sponsor Study Monitor. Communications will be fully documented by the
_='" StudyDirector.

:_:, Pooled human sera and plasma and monkey sera are used as the test systems i
inthisstudy.The matriceswillbeprovidedbythe sponsor.Thematriceswill

• i bereprcscn,tativeofthatforwhichthisanalyticalmethodwasdesigned. !

' i

i

..... Pooledhumanserumsampleswerepurchasedby thesponsorfromSigma-
Aldrich,Milwaukcs,WI,LampireBiologicalLaboratories,Pipersville,PA,

iiii BioresourccTechnology,Inc.,FortLauderdale,FL, and GoldenWest..... Biologicals,Temccula,CA. Pooledmonkeyserumsampleswerepurchased
bythesponsorfromLampireBiologicalLaboratories,PipersviUe,PA. Pooled

_ human plasma samples were purchased by th_ sponsor from Lampire

• Page 9 of 59
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'! • StudyPlan:ExP-023-082
ExygcnStudyNo.:023-082

• _, Biological Laboratories, Pipcrsville, PA, Bioresouree Technology,/no., Fort
' Lauderdale, FL, Golden West Biologieals, Temecula, CA, and Innovative

Research, Inc. Southield, NIL In addition, blank matrix consisting of pooled
_ human plasma collected in rural China was provided by the sponsor. The
! :! samples will be used as received. The receipt and processing of the matrices

• ; will be documented in the final report and raw data associated with the study.
The samples will be stored frozen at < -10*C.

_.r__*.L?__ _ - _ ,: _a___L,Z_ I

_:: Prior to analysis, each sample will be assigned a laboratory sample reference
number. The reference number will be unique and will distinguish each

'*_ laboratory sample that is processed throughout the analytical procedure.
'_ , Chromatographic data will be identified by the laboratory sample reference

' number,

:_'I Samplestorageconditionsand locationswillbe documentedthroughoutthe
i , validation.

_ Reference:Exygen Method Ex.M-023-071"Method of Analysisfor the

ij DeterminationofPerfluorohexanesulfonate(PFHS),Perfluorooctanesulfonate
(PFOS)and PentadecafluorooctanoicAcid(PFOA) inRatLiver,Serum and

Urine."A copyofthemethodcanbefoundinAppendixL The methodwill

be modified as follows:

Method Summary

L Serum

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

b. Add 5 mid 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

i 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. Flute with 1 mL of methanol. Collect 1 mL of elute into a graduated

!_,iit 15 mL centrifuge tube.f. Analyze samples using electrospray LC/MS/MS.

,., If.CalibrationStandards

• Page 10 0f59
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:!i_i
: ' 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 before extraction is done
according to the following table:

Cone. Of Fortification Volume of Cone. of

: Mixed Volume (IXL) Control Extracted--r
..,..

• Fortification Sample (mL) Calibration
_ Solution Standard

_!_ (n_/mL) (nfmL)
1 400 2.0 0.2
10 100 2.0 0.5
10 200 2.0 1.0

_ 10 300 2.0 1.5
10 400 2.0 2.0

!-_I 100 50 2.0 2.5
i 100 100 2.0 5.0

_!_ The testing facility will establish the relationship between the instrumentresponse and the concentration of analyte in order to assess the linearity of the
system. A standard curve should be constructed with at least five standards.

The testingfacilityshouldalsoverifytheendogenouslevelsofanalyteinthe
matrixcontrolsamples.Thisshouldbeaccomplishedby analysisofacontrol
sampleforeachmatrixand examinationoftheregionof analyteretention.

The potentialexistsforinterferencefrom fluorochemicalsintroducedfrom

dietary material and other exogenous sources. Samples are fortified with the
I

_.3 targetanalytes.The compounds willbe made intosolutionsas per the
method, and added to the matrices via a mieropipette. Fortified samples will
be processed through the described procedures to ensure method accuracy and
to cheek for bias.

Recoveries should be between 70% and 130% of the fortified levels. The

sponsor may accept occasional recoveries outside of this range. The relative4

_ i; ' standard deviation (RSD) for each fortification level as well as the overall
RSD, should be less than or equal to 20%.

l

i_i._i : 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.

!
B

• Page ll of 59
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--1

Control of bias will be addressed by taking representative sub-samples from a
:' homogeneous mixture of each matrix for untreated control samples, and by

analyzing at least two levels of fortifications.
.°.

!;_:ii
i ,,i _ "
i:'i?J

::*_ Statistics will be limited to those specified in the subject method and to the
';.I calculationofaveragerecoveries,asapplicable.

J

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 a statement that the study was conducted in compliance

ii_i_ with current and applicable GLP standards and will outline any deviations in
i i thestudyfromthosestandards.Thisstatementwillbe signedby theStudy
_-J 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 limited to, the
following:

• The name and address of the Study Director, Sponsor Monitor and of the
' testingfacility.

"i

I

'"" ] • A statement of GLP compliance (any related documentation, such as
1. chain-of-custody records, must be in the study records).

__ 1 • 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.

• Page120f59
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i!__:_ (" _ • 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

:. copyoftheanalyticalmethod.Any modificationstothismethodwillbe

incorporatedintothereport.Ifthemethodisphoto-reduced,theproject
numberandpagenumbermustbeincludedon eachpage.

• Any stepsconsideredcritical,i.e.stepswherelittlevariationisallowable
ordirectionsmustbefollowedprecisely.

"-,..

q

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

4

J i
i • All results from all sets analyze& Identify all control and fortified

i samples, and in the data table include sample number, fortification level,! and unique identification number by sample set.

"I
I

• Representative chromatograms for each analytc in each matrix, includingI

', ' chromatograms of a standard and a control sample, and a chromatogram at
: a fortification level. The location of the analytc peaks will be clearly

identified in all chromatograms.

_::._ * Allcircumstancesthatmay haveaffectedthequalityorintegrityof the
datawillbedocumentedinthereport.

• Locationswhereraw dataandthefinalreportam to be archive&• Additions or corrections to the final report shall be in the form of an
amendment by the Study Director. The amendment shall clearly identify

that part of thereport that is being alteredand the reasonsfor the,, alterations.The amendment willbe signedand datedby the Study

"_ Director and the Sponsor Study Monitor.

• i • Laboratory personnel will practice good sanitation and health habits.4

• Any health condition of laboratory personnel that may be considered to
_. adverselyaffectthestudywillbereportedtotheStudyDirector.

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

/ii "'

• Page13of 59
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ExygenStudyNo.:023-082

,,*_:i'i • Every reasonable precaution shall be taken to prevent inadvertent
•' exposure of personnel and the environment to the test or reference

substance(s).

' l

!

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

i_it Amendments usually will be issued prior to initiation of study plan change.
_i_:i However,when achangeisrequiredwithoutsufficienttimefortheissueofa

writtenamendment,thatchangemay be effectedverballywithsupporting
documentationsignedand datedby theStudyDirectorand followedwitha

'::'] writtenamendmentassoonaspossible.Inthiscase,theeffectivedateofthe
=..i1:_. writtenamendmentwillbethedateofthedocumentedchange.Copiesofthe

signedamendmentswillbeappendedtoalldistributedstudyplancopies.The
.... originalamendmentwillbe maintainedwiththeoriginalstudyplan.Any

deviationsfromthestudyplanorfromtheanalyticalmethodasprovidedwill
bedocumentedandreportedpromptlytotheSponsorStudyMonitor.

_',i_-_ " Recordstobemaintainedincludethe following(asappropriate):

• Sampletrackingsheet(s)
• Samplereceiptrecords,storagehistory,andchainsofcustody

• andprep atlonof tand d(stuok,for*i oadon,calib .on)
'_:'_'_r_i'_ • Description ofany 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

: • Chronologicalpresentation ofallstudycorrespondence
• Any other documentation necessary for the reconstruction of the study

1

i : Chromatograms- All chxomatograms will contain the following:
.....J

• Sample identification, date, Exygen study number, arrow or otherJ

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.

• Page 140f59
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• Analyticalstandardchromatogramswill additionallyincludethe

concentration(e.g.,l.tg/mL).

• As partofthedocumentationthefollowingsheetswillbeincludedineach L

analyticalset:arunsheetlistingthesamplestobe run in the set,and an !!

instrument conditions sheet describing the instrument type and operating
conditions. [

g,

.... i

The QA Unit of Exygen Research will inspect the study at intervals adequate
: to assure compliance with OLP's, and will report thefindings of audits to the
i StudyDirector,ExygenManagement,andtheSponsorStudyMonitor.LJ i

I

All hard copy raw data, including, but not limited to, the original
chromatograms,worksheets,correspondence,and resultsshallbe included

• withthedatapackagesubmittedtotheSponsor.Thesewillbe archivedwith
theoriginalstudyplan,amendments,finalreport,andallpertinentinformation

• fromtheSponsor.

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

i permission of the sponsor before discarding.!
!

i

.... ! !

!

i.
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i :. Exygea _d No:.ExM-02.3..071J

i ' • 1. SUMMARY

report detailr a method of analy_ for t_dues of Pm_luomhexanesuifonate.
-_- (PFHS), Porfluorocctanesulfonate (PF'OS) and Pent___afluorooctanoio Acid

_:',_ (FFOA) in Rat Liver, Serum and Urine.

i:::!!! Resi___,_ of I_HS, PFOS sad PFOA are extracted from each malxix with
acetoni_8. The acetonit:file extract is _,.la_ to water and loaded onto a

conditioned C18 solid phase extraction (SPE) cartridge. Analyte rv.sidues are
:l eluted with 3 mL of methanol Quantification of PIfl_, PFOS and PFOA is

! [ accomplished by liquid chromatography/tandem mass spectron_tr7 (LC/MS/MS)
_ malysis using multiple reaction monitoring _lt.M).

The proposed limit of quantitatton (LOQ; the lowest fortification specified by ti_ :
_] method which gives adequate recovery according to EPA. guidelines) for this i i"

i method is I0 ngig (paxts-per-billion) each for PI_IS, PFOS and PFOA. ] I
¢ I

: The theoretical limit of detection (I._D) will be based on the signal to noise ratio [

I . and will be at least greater than 3 times the level of noise, based on the
: instnmaontation system used. For all analytes, tim lowest analytical standard [, i'

: . corresponds to 0.1 ng/roL, i

This method was developed using rat liver, sc_un and urine. Typical percent
recoveries + standard deviations (at 10 and 50 ng/g) are shown below:

!] : F'ottWw.at_m PPI_ Rc¢o,_ry inRat l_'tlficafion PFI_ RncovezytnRat

|

.... ." Level (n_/_) Live, Level (ne./mL) S_'um :
10 115%± 9.9%(u,,,3) 10 1011%-I-4.7% (n=3)

i [ _o, e.,ae_, reose=.,_y,, reos _ _ . ., ; I_w..l _ R_o,n=y Level ' I tlnRat IAvw l_tt Serum RatUrine

[ , 50 88_t± l._t (ha3) aO 120_± 2.1%(n,,3) 79'_ ± ta._ (u=3) ;

• l_ttion PI_3ARecover,/In PFOARe.eoverylnFoaifl_ou PFOk.Reco.my Level' _ inRat LIve¢ R_ ,_nm_ l_tt Udne r
(*e/_) (.e_L) I

10 98%± 3.1%(n,_3)! 10 117_ ± 1.5%(n,,_t) 89%± 2.5%(n-3)
30 94_ :1:2.3% (n=3) 50 111_, ± 4.0% (n-3) 87% ± 2.1% (n_3)

: i Rcprmentafl',,,e cah'bration curves are shown in Figures 1-3. Representative [
chroma_ograms are shown in Figarm 4 to 39.

iI
, I °

' t
:LL'.
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i

P

2. EXI_ERIMENThLCOM1)OLrblDS I

T/anstruclnt_ for PF/_, Eq=O$andPFOA arcgivcn below. I:!

,/_ ChcmicalName = Pcdluorohexmesulfonat=
,fill:i! Molecularwdght = 399,m shovm

4¢¢¢:L:'.i i 0_"
;i. !
L..! •

: _ is st_pl;edasthepotassiumsalt (C¢,P_SO.j'_, molecularwclght: 438 '

.PFOS

ChemicalNan_ = Pcrfluomoctanesuffonam i"
Molecularwcight = 499, as shown

t

F F F F

F F F O"

.,_"a f PFO$ is supplicdas timpotassium salt(C_tvSO3"K_molecularweight = 538 1

•i ._o_ . !
,_ "ChemicalName = l_ccaflucmocUmoic Acid t
" :'r1. _ _ wd_t -: ' 413, mshown ;I 'F F ,

I" O" : "

I "i
• i i !

i
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"'_i :" Kv/lleaMethedNe:Kv.M-t]_14171 :

3. O:mMICALS AND SUPPLIES
i.

3.1. CnwmraT_ •

"-=-. Chemical Grade Source Catalo_ No.
....,-, MethancdtSe,eOa) B_.t2 mvtSdeaee MX0475-1

j /_mmoninmAcetate l_agent JT Baker 0596-01
i:!!_! Water TypeI Exygen NA

Acctonitrlln HPLC EM Science AX0145-1

I Type I water= electricalresistivity,minimumof 16.67 M.O/cmat 23 °C,
from aLabconco WatezpmTM wodmtafloLI

LJ
3.2._,_,_ l

L

Standard TCR Number Purlt7 (%) Source [

!4] Purfluorohexane.sulfonate SE-036 99.99 all isomers, 3M f i, i (_HS) 84.36 straightchain
Pedluomoctanesulfonate SD-018 86.9 3M I i

Pcntadccafluorooctanoic Lot No: 96 Akkich :

Ii , XddfPFOA) OS316DO Ch_-, !.
3.3. Equn'MmcrANDSmu,L_s

Equipment Supplier
_ Balance.analytical (displayatleast 0.C001.g) Merrier
_,:J 12.%mLLDFE nacrow mouth bottles Nalgene

Disposable glass micropipets (50-100 & 100-200 ILL) Dr_mond (VWR)
I Tiasumi_r Tekmar

_t_,] I Wristaction shaker Bun-eliScientific :
I Sorvall RC 5C plus Cenlxifuge Dupe,at ,-

i I

' 50 mL disposablepolypmpyleuecentrifugetubes VWR [ '
I "I$ mLdisposablepolypmpyleae _ge tubes VWR [ 'I

j V'miprepvacuummanifold Supelco / r

; ' Sep PakVac 6cc (18) tC18 cartridges(part# WAT Watch ! '
'_,! 036795 :

2-mLdear EIPLCvial Kit (cat# 5181-3400) Hewlctt-Packard
ClassA pipets andvolumetricflasks varioussuppliers I: t
Standardlab equipment(graduatedcyl_._, ,_adaussuppliers ; ,

i dlsposabk tubesetc.)., Stand-alonedrop-inguardcartridgeholder(part Keystone Scientific
• I #844017-40O)

! Hypercarbdrop-inguardcolumn(4 ram) (part# Keystone Scientific i
844017-400) ,t

t
: HPLCPump(LC-10AD) Shimadzu .

I.C/MS/MS andHPLCs_tems As describedin
' _ - section 4.5.

.ExygenRmem'ch Page9of43
I
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iI 1. In ordnrto avoid cont_!=.tlon, the use of disposshln lshware (centaine_,
• , tubes, pipc_ etc.) is highly r_o_ i

2. Teflon orTeflon-Unedcontainersor equipmentshould notbeused.

....

.... 3. It may b©nec___aryto check tho solvents (acetonitrile,methanol) for tho
,-_-_ presenc_ of contaminants (especially I_OA) by LC/MS/IVISb_orn use.i"m_ Certainlot numbershavebe_nfound to be unsuitablofor use. t
+::,:_ 4. Use disposable micropipcttes or pipettesto aliquot standard solutions i

when pmpmlngstandardsand samples forextraction.
: 5. Equivalentmaterialsmaybo substitutedfor those specified in thismethod. :

'+i i

, 3.4. SOL_XONS

1+
'i _ (1) 2 1_ ammonium _Ut_ tll WR_I" |$ pl'cpalP, d by weighing ' ::

! 0.L54 gof .mmonium acetat_aed dissolving in I.L of water, t '
I (2) Hypercarb filtered type I water is prepared by filtering type I water _ "
' througha Hypercarbguardcolumn using a I-_LC pumpat -2-3 mL/min. L, I.i

Before use, wnsh the guard cartridge with -25 mY..of HPLC grade [acetunitrile, then - 25 mL of type I water, then begin collecting the
J filteredtype I watereluatefor use in the extraction. Repeat _c wash after :

filtering-21. of water.

!i_i(! Note: The _oremcntioned is volumesexmnp|c pmvid_for _danc_.altca'native
_._+ may be preparedas long as the appropriateratios of the solvent to solute are

maintained.

_,_,_
'" i

_! 3.._. ]_ILEPA._I.TXON0¥ SqCA/TDARDSOLUTIONS ' t )

! . t,_na_]_tica[$tandart_, uacdfor thl'c_pnrposes: t Ii_ ; 1. CalibrationStandards- These standardsarepreparedin methanoland are :
used to calibratethe mspomo of thedetector used in the analysis. . _ +

i.:i.l 2. LaboratoryControl Spikes - These fortifications am prepared at [concentrationscorresponding to the LOQ end 5X ]LOQand am used to
d_tnnninoanalyticalrecovery. Laboratorycontrol spikes arcpreparedin i• !

: oontrolmltTL_ .i"
I 3. Malxix Spike_-These fortificationsarcpx_parcdby sp_cinginto the field : '"
I samples at aknownconcentration. Matrix spikes areused to evaluate the

effect of the samplematrixc_ anal_e.icalrecovery and arepreparedat the i
L,t) •

,::_+ The analyst may vn.,_/theabsolute volumes of the standardsas long as the correct
proportionsof solute to solvent aremaintained. P

i_:'S;i _ ..

o_

.Exy_m_e,,_ Page10of43
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• . :

l

: £5d. Stoc.k_lutloni

P_-pam individual stock solutiom at 100 lag/mL for PPHS, PFOS and
: PPOA by writhing out I0 nag of each analyticalstandard(correctedfor ;

purity and if necessary, salt contenOand daqutoto 100 mL with methanol
"',-- in separam 1O0-mLvolumetric flasks. Tan stock solutions On 125-mL I_v

_,-_ , LDPE bottles) are to be stm_i in a refrigeratorat 2"C to 6"C and are

ii,!ii i stablefor a maximumperiodof one yearfrom the dateof preparation. [l
JJ.2. Fortifumton $obaton_

_ 'i ' a. Preparea mixed fortification standardat 1.0 p_'mL (111130ng/mL) of :
i PPH3, PPOS madPPOAby adding 1.0 mL of each of the 100 pg/mL

: J stock sohdom intoa IOOm/..volumetricflask:andbring upto volume '
with methanoL

....i b. lh_-p_rna mixed fortification standardat 0.I l_g/mL (1130ng/mL) of ; [
PPH3, PPOS and PFOA by diluting 10.0 mLof the 1.0pg/mL mixrxl
fot:tificationsolutionto 100mL withmethanolin a volumetricflask, i

Ex_ulc: one hundrai micro_tersof the 0.1 pg/mL sohtiou Ipikedinto 1 !
i g of liver or I mLof sennn/mine is equivalentto a 10 ppb (10 ng/mL or
• ' ng/g_fortification. ,

•: Storeall fortificationstandardsolutionsin a refrigerator(in 125-mLLDPE •
bottles) at 2_C to 6"C fora maximumpeflod of one yearfrom the date of ".

_:i:_,, preparation. Note also that additionalconcentrationsmay be preparedif :
_ n'e=_ary. ,

3._J.C_r._on Standar_

[ _ calibrationstandardscontainingPPH3. PPOS and PFOA am :
[ preparedat 0.1, 0.7.,0-_, 1.0, 2.0 and 5.0ng/mLin methanolvia dilutionof , ,
I the 0.1 I_mL mixed fortificationsolution(section 3.S.2.b). " ' iI t
I

The following is a typical example; additional concentrations may be I
@

r_ ; preparedu needed.
!

InitialCone. Volume Dilutedto FinalCone

¢ng/mL) fmL) fmL) (n_rnL)
1130 5.0 I00 5.0 ',

i 100 lO 100 2.0 :

, I.o I.o I
5.0 I0.0 100 0.5
zo o.o "

i ' I
i _ 1.0 10.0 100 0.1 !i

: The standardsmay be used for a period of one year On 125-mL LDPE
bottles) whenstoredrc_=atai (at2"Cto6°C). i

' i I

•: [
.F_tygenN PageII of43
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• +

4. METHOD

: 4.1.Ft.owDrAGa,tM i

The flow diagram of tho method Is given bdow, followed by a detailed |
i??! dcscciptionof each step.

ii' p
MethodRow Dlaeram I

_i t Wdgh.1gofllwrorre.sum1mLofscnunorurine 1
,.. (fortify samples designatedas maUixspikes andlaborator7 controlspikes) : [_

,I,
Add 9mY..ofwatertollvero19mL ofwatertoserumandurine.,homogenize r

+ Ii

R_.movoI mY..andadd 5mL ofACN, shako ;

+ i_tl_ge .
, !

Decant aupe.matantinto 35 mL of wa_'r

i:i_/iii Madontocon_tioncdSI_ t: J, :

J,
i _tStMS _aal_s

t iLI: !

i 4.2. S_Pao_

--!:'_! '! "Per [iv= samples, plac_ fmzcmsamples in a food processor andhomogenize with
t

i..,:! dry lee. Thmaplm .samples in con_ and leave op_ in froz_ storage [ !
o's=might to sllow f_r C02 subIlm_t4ou. Seal and place tim samples in frozm f
storage be.low-lOOCuntil_ of extraction. No sampleprocessing is needed for {

: serum and urine sarapl_. Hewer=, frozcn serum and mine samplca must b_
! allowed to eomplctdy thawto room tempe.returnbeforeuse.

: t

i i
' I

I 1
i :

"J "" I 1

| +

i
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_ ,. P.wgeaMethodNo:P.xM-023-071

4.% "nA'rce(Scru_

I,. A batchof samplesshould notcontainmorefilm 20 field samples. : i,

:.__. b. Each batch of samples analyzcd must include at lcaat one control (method
• blank using control match) and two matrix controls fordfled at t-.own |

concentrations(typically I0 and 50 ng/g for liver or ng/mL for serum and [,
, : =ine)toredly_.edural _ve_y forthebat_

":.3 ,.

i c. At least one field sample in each batch must tlso be separatelyfortified at a
i ] known concentrationand carried tin'oughthe procedure to verify recovery.

, Additionalsamples in the batchmay also be fot¢ified if desired.

i d. Allsamplesrcquircduplicateinjections.

: ! 4A. Sxt_t_Ex'r_crtoN
I
! i

4.4.1. Lfwr _ra_n 1

a. Weigh 1 8 of liver sample Into a 50 mL disposable centzhFugctube and
fortify, if appropriate.

• b. Add.waterto the samplefor a final volume of 9 mr- Captightly. ,
_ i c. Homogenize sampleusing a tissuemize_fo_-1 minute. ,

_ i d. Trander I m.L ofthesample usingi disposable pipette into 15 mr..
dlzpcsabl= centrifuge tub,'. Add 3 mL of ACN and nh_k_ for -20
minuteson awd_ action shaker.

,_,_ ; c. Ceutdfugc tubes at -3000 rpm for - 5 minutns. Ca_ful]y decant i
_ i s_atant into a 50 mL disposable centrifuge tube and add 35mL of iI

Water. t
I f, Load the sample ontoa conditionedSPE column (for conditioningdetails. |
i see section 4.4.3.). Discard the einate. Any analyt= residues will be /

i" trapI_don the SPEcolumn at thispoint..g. Eluto with 2 mL of methanol Collect 2 mL of elute into a graduated15
mL ccnt_fuge tube,

h. Analyze samplesusingelectmsprayLC/MS/MS.

i 4.4.2. ,ferumand Urine Extmcaon
t
I

! *

I a. Measure 1 mL of serum or urine sample into a _0 mL disposable
i_ t I centxL_getubeandfortify, if aI_propriate, t

_-_ i b. Add 19 mL ofwater tosample. Cap tightlyand'vortexfor-I minute. ,_
: Thencontinuewith steps d-hin section4.4.1. .

I
t

!

"; i i._._ygen_._trch Page13of43
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:. ]Exyge=MethodN¢ ExM-023-071 :
i b

i

i:;__! 4.4,3. SP[ Column Condftianln& I.
I"

•: [
• : Place the unconditionedSI_ colurrm_on the vacuummanifold. Conditionthe

:-% SPHcolumns by pasaing - 10 roT.of methanol throughthe column followed
_i::ilI by - 5 mY..of water. The washes may be pulled through the SPE colmnn
i :::.i " using vacuumat a flow rate of -1 drop/see ormay be allowedto pass through
__ tlm columnunaided.Diacaxdallwashes.Do notallowthecd,_ todry.

_:._ 4.5.QuAmrrrx_mN

4.3.1. LC/MS/MS _ and Opnmang C_ulh_.$ ',

MassSpe_ Mi_ma_ quaumUlthna(Micmmass) [
hterfa,:= ElectmspmyOal,:_mms) [

Harvardinf_on pump(HxrvazdInslxuments),for tuning
Compute. COMPAQProfessionalWockstationAP200 [

Software: W'mdowsNT,Manlynx3.3 I
I

HPI..C: ttewlett Packard(FIP)Se,d,es1100
J_eqmtPump
HP VacutunDegasser ,

HPColumnOven
_ _ Note: A 4 x 10mmhypexeazbdropin guardcartridgeIs attachedon-lineafter

the purgevalve and before the sample injectorportto trapanymaidue
_!_::_ covt--;nanta thatmaybe in the mobile phaseand/orHPLCsystem.
_] HPLC Column: GenesisC, (Jones Chromatography),2.1 nun x 50 rm,n_4ix.

Co]Lm_Tranpcxatm-a:35=C
Inj=ti_ Votume,:15_U
_obile Phase (A): 2 mMAmmoniumAcetatein Type] water

!_:1 MobilePhase (B): Methanol

i':'j T]rae _ A _ B _'lowR.ate(rnY.Jmi_)
0.0 90 10 0.3

2.0 90 I0 0.3
: 5.0 I0 90 0.3 ,

9.0 10 90 0.3
9._ 0 100 0.3

; 14.0 0 1130 0.3 * i
i _ t4_ 90 to 0.3

I [ 20.0 90 " 10 0.3

.... { It may be necessary to adjust thetIPLC gradient in order to optlm;., instrument :: 'perforrna_:e..Columnswith diff=eat dimev.sions(e.g. 2.1 x 30)and alsocolumns [ '

=
"; I _E_ge._Re=eaxch Pagn14of43 ,
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from differentmanufacturers(KeystoneBetasil Cmetc.) could be used,provided
- equivalentchromatographyis obtained.

I
Ions monitored:

-::. Approximate t
Analvte Mode TransitionMonitored Retention"rimo b

PFOS Ne_gative 499--t 99 -8.8 rain
_' PPOA Negative 413-_369 -8.6 rain

I

!ii ; The retention _ may vary, on a day to day basis, dependingon the batch of
i mobilephaseeta Driftinretentiontimes(upto4-4 _) acc_3table withinan

:I ! analy_calrun,U longu tlm_ coafinueathroughtheentireanallnhandthe
_mdardaareincludedatthebe_,,_,_g andend ofthemal_calnm

: _ : Note: An alternative LC/MS/MS systemmy be used once dexmmstmtedto be

i equivalent.

! The mass spectromet_ is _ed foreachaual_ by infusing u - 1.0 pg/mL
_ standardsolution(at 10 _ using m infusionpump) via a "T" intoa stream

of mobile phase containing50% methanol and 50% 2raM ammoniumacetatein
_ water at 0.2 mI3minflow ram. Each analymis initially tuned for theparent ion

and then tuned for_ production. Once the instt'umentis tuned,the optimized
parametersare saved as a rune file. This tune file is then used duringroutine

_ nnnlysis.

.... 4.3.2. C_ibration CurveProcedure.v

_1 t : a. Inject thesamealiquot(between10 to 50 ILL,)of eachcalibrationstandard ,
•' : (rangingfrom thelowestle,lel standardto thehighestkvd prepa.,_l),into t_. • '

I ! b. U_ wd_ted _ standardcurvesforquantimlcn.Lineerstandardcurves
,_ [ I are generated for each analyte by linear regression using 1/x weighting of I

: peak area versus calibration standard concentration using Masslynx (or i ;

i.:.I equivalent)software system. Any calibrationstandardfoundtobe astatistical I 'outlier by using an appropriate outlier test, may be excluded from the
- _ : calculationofthecalibrationcurve.Howcver, thetotal numberofcalibration I

: standardsthat may be excluded must not exc,_l_ 20% of the total numberof i
• i s_dara,inj=te¢ _ :
: [ I

i I c. The cozre.lationcoefficient OR)for calibration curvesgenerated must be t. ,i

( >0.9925 (R" >n.985). If calibrationresttl_ fall outsidetheselimits,then !
', I [ appropriate steps must be taken'm adjust instrument opention, and tim

..... t ', standardsor the relevant set of samplesshouldbe reanalyzcd. ; II

_._

•t
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! :- tmMmlu_No:/!xM_l

Typicalcah'bmtiot_cttrv_forI_'H.%I_05 andPFOAcanbefoundial_iguttsI- ii

i 3.
t

" _L. L

_ '., a Inject the same diqunt 0mtwtma 10 to 50 I_L) of each ttandard, sampl_,; i
recovery,conlrol_ etc. into the LOMS/M3 sy.tmm.

J f

b. Staada_ corrmpoudizg to at ltatt five or more couctmtration Icvch (starting !
' " 2 with the LOQ level or below) must be included in an analytical set.

,..1 c. An tntim set of ca_hration standards should be injected at the begirming of a : [.
I

set followed by calibration standards interspersed appro_rmttcly every 5-10

: ._ samples (to t_count for a emceed set of extracted standards). As an i _;
' altm-n_tlv_, an _tim set of cah'bration standm-ds may be included at the • _ [
i beginning and at the end of a sample set. In either case, calibration standards _ [.,

must be thefirst and _aatinjection In a sample seL I _:

cL The concentration of each sampledfortificafion/contzol is determined from the

standard curve, based on the peak m_a of each analyt¢. Tim standard I
i teapons_ should bracket responses of th_ residua found in each sample set.

Results may bn quantitated up to 10% outside the curve by extrapolation. If i

, ran_.. •

e. Fortification recoveries falling within 70 to 130% am considered acceptable.

._ f. Samples must be stor¢d xcfaigtm_d bctwcmt 20C to 60C until analysis. !

!!_i " g. Samples In which eithe* no peaks mm detected or peskn lem than th,_ lowest 'I

] concentration of tim calibration standards ar_ detected at the coxrcsponding t t' anal_c z_tcnfion tinm will be reported as _ (not detec_d). + Samples in ,
' which peaks am detected at thecotr_ponding analym retention tinm that are !'1

! less than tim LOQ and greater thin or equal to the lowest cmmmatratiem of the I " " i
calibration standards will be repotted as NQ (not quantifiable). I _,

i

'. The analysis performed during the nmthod development included fortifications at _
' 10 and _0 ng/g of _ in rat liver, 10 and 50 ng/mL of PFI_ in serum, l0 and ,
! 50 ng,/g of PFOS and FFOA in rat livex nnd 10 and 50 ng/mL of PFOS and PFOA ',

.. ] in serum and urine.. Typtcal chromatosrams can be found in Figures 4-39.

I
t
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4.6. Acczrr_cz Omlm_ z

The following ¢flteda must be met to enaure the Inmence of _, I'FOS and i•+-'. PFOA:

!_'+_I 1. The chromatogrammust show a peak of a danghterion at 80 ainufrom a

i:t : panmt of 399 ainufor PPHS, a daughte: ion at 99 mnufrom a pmcnt of
499 ainu for PFO$, and a daughterion at 369 ainufrom a parentof 413
ainu x'_ PF,OA.. + • _+

.,+

+ 2. Methodblanks umstnot contain analyte at levels g_mterthantheLOq. If
_++J a blankcontains the analyte at leveh greaterthan 10 ng/mL, then a new

blank samplemust be obtainedand tl_ ent_ set m_t be re-e.xWacted.
i

3. Recoveries of controlspikes and matrixspikes ('ifany) must be between [
i 70-130% of their known values. If a control spike falls outside the

L _ acceptable limits, the eutim set.of samples should be re-extracted. Any 1

matrix spllm outside 70-130% should be evaluated by the analyst to !
; determineff re-cxtractionis wan-anted. |

'_ 4. Any cah'l:_tinustmdant foundto be a statisticaloutlierby using the Huge
Enur Test, may be excludedfrom the calculation of the calibrationcurve.
However, the totalnumberofcalibrationstandanh that couldbc excluded

_ must not exceed 20% of the totalnumber,of s_ndards injected.
,_ :c

_J 3. The con_aticn coefficient (11)for calibrationcurv_ genera_d must be
; k0.99_ (R2_.985). If calibrationms.Its fall outside these limits, then

L.... ; appropriate steps must be taken to adjust imtn_nent ol_ation, and the ,, t:'
!_ ' I smndL-dsor the relevant set of samples shouldbe =analTzed. - i

' i 6_ Rctcntion timcabetween standardsaud samples mint rtot drift nmm than I
! ! .4-4 % within an analytical n.m. If retention time drift e.xceed.qthislimit +

within ananalytical me then the _t mustbe o-.anal_ed. ,
4.7. I'_JrORMANCZ_

+i_ . The following uvo criteriamust be peffonnsd once as a sDtem suitability teat,
; before the commencementof analysb, when using an instrumentationset-up that
; hasnotbeenusedforthismethod.

i Ph'stCrit_'ion:
!:! j Run a standard solution on _/M3 _onding to the estimated LOQ I
_::_ ] (10 ng/mL) in matrixandobtaina signal to noise ratio fortheanalyte tran_tionofL_.+

1 at least 9:1, comparedtoareagentblank. If thiscriterion cannotbe met, optimize
and change instram_ opcratingparamcters(or increase the injection volumc, if

"_'i_ ! sppropdate).

.Ew_enP.e_arch page17of43 ,
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i +
t

:.:, :. P.xyl_nblahed No:HxM-023.071 : +
! ? : !.

• !i

Run a set of standards of five or mote coucentnaion levels, from at o_ below the _ I

LOQj up to the highest concentration lcvd to be included in the analysi_
C-_¢_at_ a cahqrativn curvo fat the maly_ and obtain a linc_ regression with t

_t _=fficient of detetmi_tion_a) of at least0.985 for an_lytc.

=_._ 4.8. TIb_ll_utlI_ IVORAN,tLTSI$ *

..._ One person can.take a _t of 20 samples through the sample prcpantion procedure
_ in appmzlmn_|y 4 hours. The _ analysis of the set (containing 20 field

semplcs, I matrix H mp_ 2 laboratory control spikes, 1 mat_ spil_ and 12
• +, standard injections) _ tak= a_ately 14 hours. I

' ii 5. C_.A.L_TIONS •

a. Use Equa_on 1 to calculate the amount of analytc found (in ng/mL, based on

peak axe.a) ushag the standard curve (I/x weightcd linear xcgrcssion [paxamct=rs) generated by the MzsslFnx sot_axe program.

E__ation |; i

i_;i;i_ Anals'te found (agtmL) = (veak ere_,- ir+t_Xeept) xDI_ x aliquot factor
i_J alop_

' 1 DF = factor by which the final volume w_ diluted, if neccssary. :

_i_ t : Aliquot factor----9 for liver, 20 for sczum and urine !
_ b. For samples foxtified with known amounts of analytn pzior to extraction, use ! *I Equation 2 to calculatethe pc,cent recovery.

I t !
_uation 2: i ,

ii_!i!' :R_covcry(_) =

; [ total analytc found (ng/mL) - analyte found in control (ng/mL)],xlO0 1 :

+ [ analyt=*4_-d(ngnff.) :• t

::i ! I i
. i i ! Note.: SubWact anal_ found in con_'ol (ng/mL) from anal_te found (ng/mL), ': =

! if ng/mLin controlis grcztcrthanLOQ. ! ,, i 1
t '

- , • !

!i
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t

:. hyl_a l_aod No: K,M_3-071 : i

I c. UsnEqu_on3 toeal_latntheammmtofmalytnfoundOnl_b) .

. ==. _L_uation3: I

i_'_,? AneJ_ _ouad(:r/,. nS_.) - ,mare rotma,'ne/mL',x FV ¢,_t3 !
i samploweight(,!)ot samplewfluma(mL)

1:_¢= ritualvolmm

i •Por x_orttng purp,3__, sample_ In which either no peaks am detect=d or peaks
"!i:,,] ] Im than the loweat e,one=nlmtion of tlm cah'bradmt standards m detected at the

,_ con'enponding analyte retr.ation time will be t_portzd as bid (not d_teeted).
; Samples in which peaka _ detected at tim cmzcspond_ng analyte mt_ntion time ,.

- ' ', that nm leas than tim LOQ and grcatm- than or _xlual to the lowest con_ntration of ;

/

6. SA_-_-.TY I

TI_ analyst should read the material safe_ data sheets for all stan_ and |
r_agcnts before lx_forming this method. Use tmiversal Iatcautions when '
handling standaxdz mad reagents, including wcflting in fume hood_ and wearing

, laboratory coats., safety glasses, stud gloves, t

L_j ,

! . . }

l ;
'2 ..t _ !

• ! !
}

_i:! i ! '
t :

!!i t :, ,
•" I
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i;
Table 1. Recovery Sm'n'm_r 7 of PFHS in Ral Liver and Serum

• • |:

I
P•__-.. Recover/Summary of PFHS in Rat Liver I.

Sample ID Analy_ Added (ng/o) PercentRecovery _%) I
'_!/ 0201684Spk5 10 110

0201684Spk C 10 128
i ii i

; . Average: 115 !
....._ ; StandardOevlaUo.: 9._

f
•.2 SampleID Analyte Added(ng/g) PercentRecovery _PyS) :

: 0201684Spk D 50 101 -- i
o2o1684spkE 50 oa : (Y

!! 1" 0201684 SpkF 50 94 • tt

Average: 98.

j StandardDeviation: 3.5 -.
| "l
;

I

Recovery Summary of PFHS In Rat Serum !
=

Sample ID Analyta Added (n_/mL_, Percent Recovery([%)

_'*_l 0201682Spk;A 10 112 - )i_i_,, : : 0201682SpkB 10 "103 !
':..) . 0201682SpkC 10 ,,,,,.110

Average: 108 -
I StandardDevlstlon: 4.7 '

_:;J l Sample ID Analyte Added (ng/mL) PercentRecovery {%) .
_*::_1 ! '_o_se2spko so _o7 ' _"

! 020168_.SpkE 50 104 )0201682SpkF 50 122

_ "' ' Average: 111
;. i, Standard Deviation: 9.6

:

" ! t

, i i
_I ) | ,

'2..] 1 ' 1 •
_ i

_p 2o,_.4,, i'
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Table 2,. Recover7 S,mmnr_' ofl_OS in Rat ][.,ITez'_Serlzm add Ux'izle
[

Reco .v_.rySummary of PFOS In Rat Uver .J

. .._ mn:pI._ .._.11,.-,_ded_,,_) e....nt.-=,,,.,/_)
¢mo16848pkA 10 88

i.:\! c_o1.4 SFd(O lO lO5
::_4 A'vemge: 98

• 5bmclardDeviation: 8.5 t

..... ) SampleI0 Anal_eAdded(n_/g} PercentRecoveryI_%} I
i l '_Olea4s_o 6o *o' i I

;,:l ] C_01884SpkE 150 aa '
o2oIe84 SpkV 5o U :

Average: 18 i

' , Recovery Summary of PFOS In Rat Serum "
I r

, san:pie It) A.alyte Added(nstmt.] percentR_:ovetX _) i', T'
(201682SpkA 10 80
0201682SpkB 10 85

|

,(_018825pkC 10 99 ;ii i

Average: 88

' Standa.-dDevlstlom 9.8 '
i::3,I san:pieID AnalytoAddedIns/mL) Pe_o,nt Recovery_%_ '(_01682SpkD 50 118

0201822SpitE 5O 122
_-r_ ,0201682SpkF 150 121 .

;'i'_ Averagt 120 i

StandardDevlaUon: 2.1 •
t

Recovery Summary of PFOS In Rat Urine t

•J 0201682SpkA 10 98 "
O2O1682SpkB 1o 89

,02o1682SpkC 1o 111 I
L

j _tmldardDavlallom 4.7 lSampleID AmdyteAdded(n_mL} PercentRecovery(%)
I 1_.01682SpkO 50 80 ;

i i ! I _01682 SpkE 50 78 ;
_ : , Avarage: 79 ,

' StandardDeviation: 1.2 ;

!27
"; ! ,,_XZ_ l_,_trch PaSeZt of43 z
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Table 3. Reeovex7 $tmzmax7 of PFOA to Rat/Aver, Serum and Urine

! Recovery Summary of PFOA in Rat Liver

sample IO Anal_e Added (ng/gI Percent Recmmry (%)
!_,:#;\__/t 0201684 Spk A 10 9Ji

! 0201684 _k C 10 99
Avemg.e ,91

Standard DeviaUan: 3.1

'( :iii_ Sample ID An_l_ Added (nglg) Percent Recmmr_ _'/.)0201884 .SpkD BO 97 : .
..... 02ol e84 Spk z _ _ ]'

0201884 Spk F E0 94 ;

.*: Average: 94 I"
! mancU_o,vl,Uo_ _ i !

I t L

: . Recovery Summary of PFOA In Rat Serum

Sample IO Anal_4eAdded In_/mL} Percent Flecavar_(%) I
O201662Spk A 10 118 _.

- n°01662 Spk B 10 117

¢Z01682 Spk C 10 115 ;
Average: 117

Standard Deviation: . 1.5

.i , Sample In AnalyticAdded (nz_/mt) Percent Recover,./_'%1
0201682 ,Spko 50 107

t 0_01682 Spk E BO ! 12
?,_:'_ o:zole82 S.k F SO 1lS

!_ i Average: 111,_,_ : Standard Deviation: 4.0
I
I

! Recovery Summary of PFOA in RazeUrine

l t

•"!J Sample IO ArmletsAdded In_lmL) Percent Rs¢:over_,(%) . .;
0201882 Sp,kA 10 68
0201882 Spk B 10 91 "_

; 0201882 Spk C 10 89
• Average: 89
; Standard D_tlon: 2.5
I
|_ i Sample ID Anel_te Added (n_/mL) Percent Recmmry _%) :

1 I 0201682 Spk D 50 89
'. I I 0201M2 8pk E E0 88

_:! I 0201882 Spk F 50 85
A_mrage: 87

Standard DeMatlon: 2.1 !:

.¢
.]],x,Jgen1_s_z_ ?age 22 ot'43 i
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i

Figure 1. C_qlmrationCurve for PFHS

J_._n_ _ _t_ s_. _
r' _ _ Iq_l_41_IJnIuu', Odl_ll_'_--I_1_ Wl_lhlh_ _ _ trllnl_ _ '
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i--* I o
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I
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.l_gea Re._n_ Page23 0f43

°,

Page39of59

Exygen Research. Page 8"1of 111



Exygen Study No.: 023-082

Stud:/Plan: ExP-023-082
E_tygen Study No.: 023-082

L.,

I " '
!
i ,

i ""

t;

! l_l_--ex Callbrati;nCum_for PFOS
i "I
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