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EPA East — Room 6428 Attn: Section 8(¢)

Office of Pollution Prevention and Toxics, US EPA
1200 Pennsylvania Avenue NW
Washington DC 20460-0001

Re: TSCA 8(e) Substantial Risk Notice: Supplemental to Docket No. 8EHQ-0598-373;
Sulfonate-based and Carboxylate-based Fluorochemicals — Cordova, IL well water
sampling

To whom it may concern,

3M is submitting this notice to supplement its previous submissions on sulfonyl-based and
carboxylate-based fluorochemicals and more specifically, our September 5, 2006 submission on
water samples taken from groundwater wells and from the water distribution system at the 3M
plant site in Cordova, Illinois.

The data contained in the 2006 submission and in this submission have been generated as part of
an on-going site-related environmental assessment of fluorochemicals that 3M is performing for
its 3M Cordova, Illinois manufacturing facility. As part of this effort, which is being done with
the involvement and approval of the Illinois Environmental Protection Agency, 3M has recently
received the enclosed well water data taken from various sites on and in the vicinity of the 3M
plant. Off site data are limited to five commercial wells, referred to as Riverstone (C-1),
Westway (C-2), CFI (C-3), CFI (C-4), and CFI (C-5). 3M’s understanding is that none of this
water is used for drinking water purposes.

Enclosed please find a map depicting the sampling locations, a data summary table, and a final
analytical report (Interim Report #2-Analysis of 3M Cordova Groundwater Samples: December
2009; Analysis of Perfluorobutanoic Acid (PFBA), Perfluorooctanoic Acid (PFOA),
Perfluorobutanesulfonate (PFBS), Perfluorohexanesulfonate (PFHS), and
Perfluorooctanesulfonate (PFOS) in Groundwater Using LC/MS/MS for the "3M Fluorochemical
(FC) Assessment Work Plan for the 3M Cordova, IL Facility).

While 3M does not believe that any of these data taken alone or cumulatively meet the
“substantial risk” reporting threshold as defined by the EPA, we nevertheless recognize the on-

going work of the U.S. EPA to assess fluorochemical exposure pathways. Therefore, we are
placing these results in the 8(e) docket as a supplement to previous submissions.
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If you have any questions or would like any additional information, please contact Deanna
Luebker at (651) 737-1374 or djluebker@mmm.com.

Sincerely,

%LW(K. M/Wj

Jean B. Sweeney
Staff Vice President, 3M Environmental, Health and Safety Operations

Enclosures (3)
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Groundwater Sample Results:
March 2008 and December 2009

Table 1

3M-Cordova, IL
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WELL ID Average Sample Concentration (ng/ml, ppb)
Date Sampled PFBA PFOA PFBS PFHS PFOS
PLANT AREA WELLS
MW-1-88 Mar 2008 17.5 0.519 NR 0.63 0.142
Dec 2009 158 5.85 124 6.04 41.8
MW-1-90 Mar 2008 110 0.369 5.35 0.628 1.25
Dec 2009 426 5.38 95.8 6.79 37
MW-2-90 Mar 2008 53.1 2.36 0.937 2.29 4.46
Dec 2009 56.9 4.5 7.54 6.5 5.91
MW-9-90R Mar 2008 103 1.7 2.87 2.47 27.2
Dec 2009 372 6.09 76.1 4.82 107
MW-1-93 Mar 2008 22 0.709 0.47 3.78 4.52
Dec 2009 10.7 0.497 0.217 1.6 5.75
MW-3-94 Mar 2008 734 7.61 120 11.4 51.8
Dec 2009 290 6.66 238 8.97 76.2
FIELD AREA WELLS (SLUDGE INCORPORATION AREA)
MW-1-79 Mar 2008 135 6.6 2.5 9.72 22.2
Dec 2009 240 21 2.57 14.3 24.4
MW-3-79 Mar 2008 32 2.17 0.756 3.95 3.22
Dec 2009 81.1 4.1 19.8 7.55 16.9
MW-4-79 Mar 2008 1.22 0.032 0.025 0.0339 0.0786
Dec 2009 8.35 0.123 0.0533 0.046 0.174
MW-5-79 Mar 2008 0.4 < 0.0298 <0.0249 <0.0244 < 0.0250
Dec 2009 <2.5 0.0865 0.0267 <0.0250 0.0548
MW-2-81 Mar 2008 2.34 < 0.0298 0.26 <0.0293 < 0.0250
Dec 2009 6.04 0.0344 0.87 <0.0250 0.0538
MW-3-81 Mar 2008 41.3 3.56 0.189 4.32 5.94
Dec 2009 48.7 5.19 0.357 5.4 7.54
MW-4-81 Mar 2008 145 12.1 0.829 11.6 13.7
Dec 2009 165 6.26 7.73 6.99 21.5
MW-5-81 Mar 2008 0.135 < 0.0298 <0.0249 <0.0244 < 0.0250
Dec 2009 0.0891 <0.0303 <0.0255 <0.0250 <0.0253
MW-7-94 Mar 2008 53.7 2.45 0.821 4.98 11
Dec 2009 63.4 7.23 1.9 7.68 20.8
MW-8-94 Mar 2008 98.4 4 1.05 NR 1.34
Dec 2009 67.6 12.2 1.04 15.3 1.27
MW-9-94 Mar 2008 14.8 0.0986 0.199 0.763 0.0878
Dec 2009 63.5 4.8 0.894 6.91 1.93
‘ Former Ag. Well (#22580) Dec 2009 511 <0.0303 0.0604 <0.0250 <0.0253
PRODUCTION WELLS
PW-11 Mar 2008 2.22 0.0656 <0.0249 0.094 0.266
Dec 2009 2.09 0.118 <0.0255 0.111 0.278
PW-12 Mar 2008 3.89 0.5 <0.0249 0.53 2.91
Dec 2009 4.41 1.38 0.0387 1.23 11.3
PW-13 Mar 2008 60.9 4.16 1.82 4.84 11.4
Dec 2009 57.4 7.93 1.63 6.46 14.8
L\FOLDERS.C-A3M-C 2009 ing\2010 ing ReportiTable 1 2009-12-GW Results
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Table 1
Groundwater Sample Resuits:
March 2008 and December 2009
3M-Cordova, IL

WELL ID Average Sample Concentration (ng/ml, ppb)
Date Sampled PFBA PFOA PFBS PFHS PFOS
PW-24 Mar 2008 2.61 0.455 <0.0249 0.445 3.49
Dec 2009 1.45 0.347 <0.0255 0.408 0.727
PW-37 Mar 2008 1.39 0.449 <0.0249 0.283 0.383
Dec 2009 1.39 0.342 <0.0255 0.401 0.698
COMMERCIAL WELLS
Riverstone (C-1) Dec 2009 0.788 <0.0303 <0.0255 <0.0250 <0.0253
Westway (C-2) Dec 2009 4.51 <0.0303 0.145 <0.0250 <0.0253
CFI (C-3) Dec 2009 0.0767 <0.0303 <0.0255 <0.0250 <0.0253
CFIl (C-4) Dec 2009 0.211 0.0937 <0.0255 <0.0250 0.0413
CFI (C-5) Dec 2009 0.541 0.0357 <0.0255 <0.0250 <0.0253

NR - Not reported due to quality control failure.

L\FOLDERS.0-9\3M-Cordova\FC 2009 10 ing ReportiTable 1 2009-12-GW Results
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CONFIDENTIAL

Study Title
Analysis of Perfluorobutanoic Acid (PFBA), Perfluorooctanoic Acid (PFOA),
Perfluorobutanesulfonate (PFBS), Perfluorohexanesulfonate (PFHS), and Perfluorooctanesulfonate
(PFOS) in Groundwater Using LC/MS/MS for the “3M Fluorochemical (FC) Assessment Work Plan for
the 3M Cordova, IL Facility

Data Requirement
EPA TSCA Good Laboratory Practice Standards 40 CFR Part 782

Study Director
Jaisimha Kesari P.E., DEE
Waeston Solutions, inc.
1400 Weston Way
West Chester, PA 19380
Phone: 610-701-3761

Author
Susan Wolf
3M Environmental Laboratory

Report Completion Date
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GLP COMPLIANCE STATEMENT

Report Title: Interim Report #2 Analysis of 3M Cordova Groundwater Samples: December 2009

Study Title: Analysis of Perfluorobutancic Acid (PFBA), Perfluorooctanoic Acid (PFOA),
Perfiuorobutanesulfonate (PFBS), Perfiuorohexanesutfonate (PFHS), and Perfluorooctanesulfonate
(PFOS) in Groundwater Using LC/MS/MS for the “3M Fluorochemical (FC) Assessment Work Plan for
the 3M Cordova, IL Facility™.

This analytical phase was conducted in compliance with Toxic Substances Control Act (TSCA) Good
Laboratory Practice (GLP) Standards, 40 CFR 792.

Ko d_ St 2/%0

Gary A. Tohensto Sponsor Representative Date

7 212/
v Date

Jaisimha Kesari, P.E., DEE, Study Director

E07-0149; Interim Report #2 Page 3 of 145
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QUALITY ASSURANCE STATEMENT

Report Title: Interim Report #2 Analysis of 3M Cordova Groundwater Samples: December 2009

Perfiuorooctancic Acid (PFOA),
Perfluorobutanesulfonate (PFBS), Perfluorohexanesulfonate (PFHS), and Perfluorooctanesulfonate
(PFOS) in Groundwater Using LC/MS/MS for the “3M Fluorochemical (FC) Assessment Work Plan for

Study Title: Analysis of Perfluorobutanoic Acid (PFBA),

the 3M Cordova, IL Facility”.

This analytical phase was audited by the 3M Environmental Laboratory Quality Assurance Unit (QAU),
as indicated in the following table. The findings were reported to the principal investigator (P.L).
laboratory management and study director.

Date Reported to
Inspection Dates Phase Principal Testing Facliity Study Director
__investigator Management
1/22/2010, 112512010 and
112612010 Data and Report 1/28/2010 200172010 2/01/2010
M Q‘ 3 ’JD / b
QAU Repreggntative Date
E07-0149; Interim Report #2 Page 4 of 145
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Sponsor

3M Company
Sponsor Representative

Gary A. Hohenstein

Environmental Manager,

Special Projects, EHS Operations
Bldg 224-5W-03

St. Paul, MN 55144-1000

Phone: (651) 737-3570,.
gahohenstein@mmm.com -

Study Director

Jaisimha Kesari, P.E., DEE
Weston Solutions, Inc.
West Chester, PA 19380
Phone: (610) 701-3761
Fax: (610) 701-7401
Study Location

Testing Faciiity

3M EHS Operations ...

3M Environmental Laboratory
Building 260-5N-17
Maplewood, MN 55106

Study Personnel

William K. Reagen; Ph. D Laborato:y Manager :

Susan Wolf, Principal Inveatigator (stwolt@mmm.com); phone (651)-733-9851
Cliff Jacoby, Ph.D Technical Review

Jonathan Steege; analyst

Study Dates

Study Initiation: 11 April 2007

Interim Analytical Initiation: 08 December 2009

interim Analytical Completion: 14 January 2010

Interim Report Completion: Dats of Interim Report Signing

Location of Archives
All original raw data and the analytical report have been archived at the 3M Environmental

Laboratory according to 40 CFR Part 792. The test substance and analytical reference standard
reserve samples are archived at the 3M Environmental Laboratory according to 40 CFR Part 792

p-13
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The 3M Environmental Laboratory received one hundred forty-seven sampies including one set of trip
bianks from the 3M Cordova faciity from Weston personnel on December 1-3, 2009 along with their
chains of custody (3M C.0.C. #15119 - 15131). Samples were prepared and analyzed for
Perflucrobutanoate (PFBA), Perfluorooctanoate (PFOA), Perfluorobutane sulfonate (PFBS),
Perfiuorohexane sutfonate (PFHS) and Perflucrooctane sulfonate (PFOS) under 3M Environmental
Laboratory project number E07-0149.

The objective of this study was to analyze coliected groundwater samples from monitoring and -
production wells located at the 3M Cordova faciiity for the selected perfiuorocarboxylate and
perfluorosulfonate analytes. .

The 3M Environmental Laboratory prepared sample containers (250 mL polyethylene botties) which
were shipped to the 3M Cordova faciity prior to field sampling. Sample containers for each sampling
location included a field sample, field sample duplicate, and three field matrix spike samples. Each
empty container was marked with a fill to here” ine to produce a final sample volume of 200 mL.
Containers designated for field matrix spike samplee were fortified with an appropriate matrix spike
solution containing the analytes of interest, prior to being sent to the field for sample collection. See
section 8.9 of the report for field matrix spike levels. L

Samples were prepared and analyzed according to the procedure defined in 3M Environmental
Laboratory methods ETS-8-154.3, “Determination of Perfiuorinated Acids, Aicohols, Amides, and
Sulfonates in Water by Solid Phase Extraction and High Performance Liquid Chromatography/Mass
Spectrometry”, ETS-8-110.1 "Method of Analysis for the Determination of Perfuorinated Compounds in
Water, Soil and Sediment by LC/MS/MS”, and ETS-8-044.0 “Determination of Perflucrinated
Compounds in Water by LC/MSMS; Direct Injection Analysis™.

Table 7 summarizes the sample resuits using the analytical methods identified above. Al results for
quality control samples prepared and analyzed with the samples will be reported and discussed
clsewhereinthisreport. = * < S n v co

p-14
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There was no test substance or control substances for this analytical phase in the classic sense. The
study was purely analytical in nature. All materials used for this study are_ listed below and were
referance materials as desenbed herem

Chemical Name Perfluorobutanoate Perfluorooctanoate Perfluorobutanesulfonate

Chemical Formula .. CaFCO0" CiFsCO0" CFeSOy

Ientifier Ad,CAS#375224 | Ammonium Salt, CAS #335- s

Source  Sigma Oakwood M

Expiration Date 104/15/2017 09/2972012 01/102017

Storage Conditions Frozen Frozen Frozen

Chemical Lot Number 11921CH 3440 101

TCR Number TCRO7-0011 TCR07-0041 TCR-121

Physical Description Liquid White powder White powder

Purity 98.1% 99.5% 96.7%
Reference Substance : PFHS PFEOS ECF-PFOA . . m-rm
Chemical Narme Perfluorohexanesulfonate | Perfuoroociane suffonate | - Perfluorooctancate | Perflucrooctane sulfonate
Chemical Formula CeF 13S0y CesF 7804 CiF sCOO" CeF 1180y
Identifier Sodium Sat Potassium Sat Ammonium Salt, CAS # Polassium Salt,

CAS # 3871-99-8 CAS # 2795-39-3 335671 CAS # 2795-39-3
Source Wallington Waeliington ‘ U M
Expiration Date 04/02/2013 10/18/2013 02/27/2017 . 12/14/2016
Storage Conditions Frazen - Frozen Frozen Frozen
Chemical Lot Number LPFHXSAMOS LPFOSKBMOS 332 1
TCR Number TCR08-0018 TCR08-0001 TCR-123 TCR-696
Physical Description Crystalline Crystalline White powder White powder
96% 8% 95% 864
E07-0148; Interim Report #2 Page 10 of 145
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métestsystemforﬂissmdyiswatefsanplesmme3M'Cordova fadility collected December 1-3,
2009 by Weston Solutions, Inc. pérsonnel. Samples for this study are “real world” sampies, not dosed
with a specific lot of test substance. :

Sample Description Key Code.

. ;mmmber String Descriptor Example
2 ] © - | sampleTyPO - - GW= Ground Water
3 S Well Number | Example: MW (monitoring weid
‘ . _

71 Methods

All samples were prepared and analyzed initially by the procedure defined in method ETS-8-110.1
“Method of Analysis for the Determination of Perfluorinated Compounds in Water, Soil and Sediment by
LC/MSMS". Samples that could not be reported by ETS-8-110.1 were prepared and analyzed using .
ETS-8-154.3 “Determination of Perfiuorinated Acids, Alcohols, Amides, and Sulfonates in Water by Solid
Phase Extractions and High Performance Liquid Chromatography/Mass Spectrometry” or ETS-8-044.0
“Determination of Perfluorinated Compounds in Water by LC/MS/MS; Direct Injection Analysis®.

7.2 Sample Collecﬂbn o P

Samples were collected in: 250 mL Naigene™ (hngh-densuty polyeﬂiylene) botties prepared at the 3M
Environmenta Laboratory. Sample bottiés were retumied to the laboratory at ambient conditions on

December 4, 2009. Samples were stored refrigerated at the laboratory after receipt. A set of laboratory .

prepared Trip Blank and Trip Blank field matrix spikes were sent with each set of oplleaion botties
7.3. Sample Proparation s
731 ETS81104 '

" Samples were prepared by removing a 1 mL aliquot of the well mixed sample and diluting it with © mL of
methanol (dilution factor of 10).

732 ETS8-1643

Samples with concentrations <1 ppb were prepared by ETS-8-154.3, along with calibration standards,
method blanks, and associated quality control samples. Briefly, 40 mL of sample were loaded onto a
pre-conditioned Waters tC18 solid-phase extraction (SPE) cartridge (Sep-Pak, 1.0 g, 8 cc) using a
vacuum manifold. The loaded SPE cartridges were then eluted with 5 mL of methanol. This extraction
procedure concentrates the samples by a factor of eight. (Initial volume = 40 mL, final volume = 5 mL).

p-16
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733 ETS-8-044.0

p-17

Sampies, along with calibration standards, method blanks, and associated quality control samples, were
prepared by removing an aliquot of the well mixed sample and piacing it in an autovial for anaysis.__

7.4 Analysis

All samples and quality control samples were analyzed for the target analytes listed praviously using
high performance liquid chromatography/ tandem mass spectrometry (HPLC/MSMS). Detailed
instrument parameters, the liquid chmmatography gradient program, and the specific mass transitions
analyzed are described in the raw data hard cop»es placed in the finai data packet and are briefly .

described below.

Table 1. Instrument Parameters.

Instrument Name .. ETS Ginger : ETS Jonas
Analytical Method/Analysis | ETS-8-110.1 - Décember 11, 2009 and January 7, 2010 ' Ers}-a-o«.o - January 14, 2010
Date(s) ETS-8-154.3 - Dacember 22, 2009 and January 5, 2010 | ‘
| Liquid Chromatograph Agllent 1100 Agiient 1100
Guard column Prism RP (50 mm X 2.1 mm), 6 u Betagil C18 (100mm X 4.6 mm), 5
Analytical column Botasi C18 (100 mm X 2.4 mm). 5 Betasil C18 (100 mm X 48 mm), 5u |
| Injection Volume Sl 100t
Mass Spectrometer Applied Blosystems AP| 5000 Applied Biosystems API 5000
lon Source Turbo Spray Turbo Spray
Electrode 2-spray Z-5pray
| Polarity Negative Negative
Software - 1 Anaw1 42 Analyst 1.4.2
Table 2. Liquid Chromatography Condltlons
Step | Total Time " FlowRate | PercentA - | Percent8
e i) _| 3t smoniom ety | Hotancd |
ETS 81343 and ETS-$.110.1
0 0 300 20 10
1 2.0 300 80 10
2 145 300 10 20
3 155 300 10 20
4 185 - 300 , 80 10
5 20.0 300 - 90 10
‘ ETS-3-044.0
0 0 1000 97 39
1 0.5 1000 o7 30
2 110 1000 50 85
3 135 1000 50 85
_ 4 138 1000 97 .30
5 170 1000 . 97 0

EQ7-014¢; Interim Report #2
3M Cordova Groundwater - December 2008
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Table 3. Mass Transitions.
: : Mass Transition Reference
Ansiyte Matorial -
Qa3 _ Strueture
PFBA 213/160 Linear
413389
. _PFOA 413219 _ Linear
’ o s13/168 A
39999 Linesr
PFHS
49999
PFOS 498/30 Linear
. 499130 T
Note: The individual fransitions were summed to produce a “Yolai ion
chromatogrant” (TIC), which was used for quantitation. Dwel me
was 75 msec. L o

8.1 Calibration
811 ETS-8-110.1

ol B

Calibration standards were prepared by spiking known amounts of stock solutions containing the
analytes of interest into 25 mL of 90:10 methanol:reverse-osmosis (RO) purified laboratory water.
Linear PFOS and PFOA reference standards were used for the stock solutions. A total of fourteen
calibration standards ranging from 0.02 ng/mL to 100 ng/mL (nominal) were analyzed. A quadratic, 1
weighted, calibration curve was used to fit the data for each analyte. The data were not forced through
zero during the fitting process, Calculating the stendard concentration using the peak area counts and
the resultant calibration curve confirmed accuracy. of each curve point. Each calibration standard
included in the final calibration curve met the methodcaﬁbration accuracy requirement of £25%
(100£30% for the lowest curve point). Correlation coefficients (r) were greater than 0.895 for all
analytes. ‘ ST s : A

842 ETS81543

Samples were analyzed against an extracted surrogate-matrix matched external calibration curve
prepared in reverse-osmosis (RO) purified laboratory water. Calibration standards were prepared by
spiking known amounts of stock solutiohs intS 40 fil. RO water and camried through the solid-phase
extraction procedure. Each spiked water standard was then extracted in the same manner as the
collected samples. A total of twetve spiked standards ranging from 0.025 ng/mL to 25 ng/mL (nominal)
were prepared. A quadratic, 1/x weighted, calibration curve was used to fit the data for each analyte.
The data were not forced through zero during the fitting process. Calculating the standard concentration
using the peak area counts and the resultant calibration curve confirmed accuracy of each curve point.
Each curve point was quantitated using the overall calibration curve and reviewed for accuracy. Method
calibration accuracy requirements of 100+25% (100130% for the lowest curve point) were met. The
correlation coefficient (r) was greater than 0.995 for all analytes.

p-18
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813 ETS380440

Calibration standards were prepared by spiking known amounts of the stock solution containing the
target analytes into a laboratory-prepared synthetic groundwater containing calcium and magnesium. A
total of tweive spiked standards ranging from 0.025 ng/mL to 25 ng/mL (nominal) were analyzed. The
2.5, 10, and 25 ng/mL curve points were disabled for PFBS to meet method criteria. A quadratic, 1/x
weighted, calibration curve of the ratio of the standard peak area counts over the intemnal standard peak
area counts was used 1o fit the data for each analyte. The data were not forced through zero during the
fitting process. Calculating the standard concentrations using the peak area ratios and the resultant
calibration curve confirmed accuracy of each curve point. Each curve point was quantitated using the
overall calibration curve and reviewed for accuracy. Method calibration accuracy requirements of.
100£25% (100£30% for the lowest curve point) were met for all analytes included in the calibration
curve. The comrelation coefficient (r) was greater than 0.995 for PFES. '

8.2 System Suitability

Multiple injections of a calibration standard were analyzed at the beginning of the analytical sequence to
demonstrate overall system suitability. All compounds met the acceptance criteria of less than or equal
to 5% relative standard deviation (RSD) for peak area and less than or equal to 2% RSD for retention
time. ’

8.3 Limit of Quantitation (LOQ)

The LOQ for this analysis is the lowest non-zero calibration standard in the curve that meets linearity
and accuracy requirements and for which the area counts are at least twice those of the appropriate
blanks. The nominal LOQ for analytes by analysis date can be found in Tabie 4. s

Table 4. Limit of Quantitation (LOQ) - -

. - :

Analysis Dilutlon | PFBA | PFOA | PFBS | PFHS | PFOS
Analysis Date | Method Factor
| 12/11/00 ETS-8-110.1 10 250 | 0505 | 102 | 0.400 0.404
111110 ET7S-8-110.1 10 2.50 NA 1.02 NA NA
12/22/09 ETS-8-154.3 1| NA-| 00303 {00255, 00250 | 0.0253
1/5/2010 £7S:8-154.3 1 0.0300 NA NA NA NA - |
1/14/10 ETS-8-044.0 1. | NA NA | 0.0255 NA NA
NA = Not Applicable B ‘ o

8.4 Continuing Calibration

During the course of each analytical sequence, continuing calibration verification samples (CCVs) were
analyzed to confirm that the instrument response and the initial calibration curve were still in control. ‘All
CCVs met method criteria of 100% + 25% with the fo!lowing exceptions:

121 1/09 analysis - Séventeen CCVs were anaiyzed during,mé course of the run. One CCV foi' PFBS
bracketed reported sample sets COIL-GW-MW-3-94, COIL-GW-MW-1-79, COIL-GW-MW-3-79 and
COIL-GW-MW-4-79, had a recovery of 141%. :

12/22/09 analysis - Eleven CCVs were analyzed during the course of the run. One CCV for PFOA
bracketed reported sample sets COIL-GW-C3 (LS and MS), COIL-GW-C4, COIL-GW-CS, Equipment
Blanks, and Trip Blanks, had a recovery of 72.4%.

A method deviation has been included in the report.

E07-0149; Interim Report #2 Page 14 of 14§
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8.5 Blanks
851 ETS$-110.1

Several sbfven't blanks of 90:10 methanok:reverse osmosis purified water were analyzed throughout the
analyticatseguencgandwereusedtoevaiuatemethodpeﬁmnmcemdtodeteminemeLOQforeacn
analyte. Fceldmib bianks were also pmpared and,analyz‘ed with the sampies.

852 ETSS1543 IR |
Three types of blanks were prépared and analyzed with itie samples: method blanks, equipment bianks,

and field/trip blanks. Each blank result is reviewed and used to evaluate method performance to

determine the LOQ for each analyte .~ 1"

so Low

863 ETS80440 Co

Two types of bianks were prepared and analyzed with the samples: solvent blarks and field/rip bianks.
Solvent blank resits were reviewed according to the method and used to evaluate method performance
to determine the LOQ for each analyte. ER Ce '

8.6 Lab Control Spikes (LCSs)
861 ETS-8-11041

Lab control spikes were prepared in duplicate at two concentration leveis (nominal concentrations of5.0
ng/mL and 50 ng/mL. As the reference materials used for quantitation of PFOA and PFOS are
predominantly linear, and the analytes present in the water sampies were expected to be comprised of
branched isomers, LCS samples of both linear and branched PFOA and PFOS were prepared in
triplicate, at two concentrations to evaluate the potential for analytical bias. Method ETS-8-110.1 does
not specify the number of required LCS or the acceptance criteria, however, typical acceptance criteria
for LCS is an average recovery within 100% + 20%, with a RSD 520%. All LCS results met these

862 ETS81643. . A
Low and high lab control spikes were prepared and analyzed in triplicate. LCSs were prepared by
spiking known amounts of the analytes into 40 mL of reverse osmosis purified laboratory water to
produce the desired concentration. The spiked water samples were then extracted and analyzed in the
same manner as the samples. Analysis of triplicate LCSs at the two specified levels cross-validates the
analytical method as used here for any modifications/deviations from ETS 8-154.3. The method
acceptance criteria states that the average recovery of all LCS be between 80%-120% with a RSD
$20%. All LCS samples met method acceptance criteria with the exception PFBA which had an
average recovery of 126%. All LCS were used in the determination of analytical uncertainty. A method
deviation is filed withtherawdata. -~ --- . .. | ‘ :

. e v },, LT voe
As the reference materials used for quantitation of PFOA and PFOS are predominantly linear, and the
analytes present in the water sampi¢s are comprised of branched isomers, LCS samples of branched
PEOA and PFOS were prepared in triplicate, at two concentrations to-evaluate the potential for analytical
bias. The average recovery for the branched PFOS was outside of method acceptance criteria with an
average recovery of 126%. A method deviation is filed with the raw data.

p- 20
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863 ETS-30440

Low and high lab control spikes were prepared and analyzed in triplicate. LCSs were prepared by
spiking known amounts of the analytes into laboratory-prepared synthetic groundwater containing
calcium and magnesium, to produce the desired concentration. The spiked water samples were then
prepared and analyzed in the same manner as the samples. Due to the higher curve being disabled to
meet method acceptnace criteria, the high LCS at 5 ng/mL could not be calculated as the area counts
for these samples exceeded the calibration range. The method acceptance criteria, average of all LCS
should be within 100% £ 20% with an RSD 520%. The average recovery for the low set of LCS met
method acceptance criteria.: B ; ‘ '

The following calculations were used to generate data in Table 5 for laboratory control spikes.

Calculated Concentration , 100% .
Spike Concentration i

LCS Percent Recovery =

LCS% RSD = standard deviation LCS repficates , 100%
. average LCS recovery

E07-0149; Interim Report #2 Page 16 of 145
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Table 5 continued. Laboratory Control Spike Recovery

ETS-8-044.0
Analyzed 1/14/2010 PFBS

‘ Caiculated

Concentration | Concentration
1D (ngimt) | _(ngmi) | %Recovery

LCS-100113-1 0.204 0.213 104
LCS-100113-2 "~ 0.204 0.209 102
LCS-100113-3 0.204 0.212 104
LCS-100113-4 5.10 NAT 1 NA®
LCS-100113-5 5.10 NAPY - NA®
LCS-100113-6 1 s.10 NA® CNAB
lAverage + %RSD o 103% % 3.7%
NA = Not Applicable ‘

(1) The average recovery did not meet method acceptance cﬁetia of 100% £ 20%.

{2) No peak was detected in the sample. Sample was not used in the calculation of average and RSD.

{3} The area count for the sample was greater than tha highest curve point. A true concentration could not be
calculated. )

8.7 Analytical Method Uncertainty :
The analytical uncertainty was determined based on historical QC data that is used to evaluate method
accuracy and precision. The method uncertainty is calculated following ETS-12-012.2. The analytical
uncertainty was determined by the statistical evalugtion of the recoveries for the individual analyte as
determined for laboratory control samples. The standard deviation was calculated for the set of

recovery results (in %). The expanded uncertainty is calculated by multiplying the standard deviation

by a factor of 2, which correspond with a confidence level of 95%. A minimum of twenty data points is
needed to determine method unoertalnty by this method. -

Table 6. Analytical Method Uncertainty

Anatyte Anatytios Mthod | Meen Recovery |Btandard Deviation Method Uncertainty
: S - i) MU RN ¢ |

PFBA ETS-8-110.1 108 +15.3 +31

PFOA _ETS8110.1 117 + 107 +21

PFBS ETS-8-110.4 042 +970 +19

PFHS ETS8-110.1 950 +10.3 .+

PFOS ____ETS8-110.1 104 +10.1 +20

PFBA EVSS1543 - |° 108 |  s181 |+

PFOA ETS81543 | 187 L 121 +25 ‘

PFBS ETS8-154.3 110 +766 . +15

PEHS ETS-8-154.3 100 b +712 a4

PFOS ETS-8-154.3 a7 __+102 +20

PFBS ETS-8-044.0 102 i114 - . +23

8.8 Sample Results
Table 7 summarizes the sample results using the analytical methods identified above. All reswlts for
quality cortrol samples prepared and analyzed with the samples are reported in section 9 of the report.
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Table 7. Sample Concentrations
Sample Concentration (ng/imL)
SM LIMS 1D Sample Description PFBA | PFOA | PFBS | PFHS PFOS
Production Wells
E07-0149-118  [COIL-GW-MW-1-86-0-091203 188° 5.85 124 6.12 418
E07-0149-119  [COIL-GW-MW-1-88-DB-091203 156 5.4 123 .| 595 a7
Avorsgd 156" | 686" | 124" | 604" | 418"
%mosmmunpuomlicm] 'o.o. 0.17 0.81 . ‘2.8 0.24
£07-0149-123  |COIL-GW-MW-1-90-0-091202 4«0 [is2. .| e22 6.56 358
E07-0146-124  [COIL-GW-MW-1-90-DB-001202 431 5.60 90.4 701 | 383
, Aversgd 426" | sas™ | ess™ | ez | amom’
%RPD SampleSampleDuplicatd 26 | 45 | 76 | es | 73
E07-0149-128  [COIL-GW-MW-2-80-0-091202 565 | 451 | 78 6.47 5.80
F07-0149-120 _[COIL-GW-MW-2-90.08-081202 512 . | 449 721. | 653 6.01
f | Averngd ss.s“’ | aso™ | rea | ss0" | so™
mmphwkad 12 | o0 T2 0.92 38
£07-0149-133  |COIL-GW-MW-8-80R-0-091203 . 385. 5.79 s | a4t | 17
E07-0149-134  [COIL-GW-MW-0-90R-DB-091203 |~ 380 |' 6.39 747 5.22 26.4
Averagd 372"% | e09". | 764" | 482" | 107"
msa»wvsamplcm«J 7.0 9.9 37 11 19
E07-0140-138  |COIL-GWMW-1-03-0001202 | | 114 | 0803 | 0211 1.66 5.95
F07-0149-130  [COIL-GW-MW-1-9308-001202 - | 100 | 0480 | 0222 153 555
' ' Amg{ 107" | 0497® | 0217 | 160" 578"
msmpwsmhnpnuul 28 1 | 82 7.0
NA = Not Applicable '

NC = Not Calculated; ThasampbandsampleduplbanepmduoedonemunabovelheLOdeonemunbelwhoLOQ The

U]
@
&)

@
5

Wm«wmmm«ymmmmmo A true average was not calculated.

Reported sample concentrations weré fom method ETS-8-110.1, direct on-column injection of a samples difuted 1:10 with
methanol. Method ETS-8-110 is not included on.the 3M Eavironmental Laboratory's ISO 17028 scope of accreditation.
Samnples were extracted by solid-phase extraction ysing method ETS-8-154.3. ETS-8-154 is induded on the 3M
Environmental Laboratory's 1ISO 17025 scope of acoreditation.
Sunesamemuumaymwmmmamummhiesduetolwmaﬂ(mmm See tables in section 9
of the report for additional sampie comments, .
Therdaﬁveperearﬂdlfbrencs(RPD)dHnﬁtnm!meﬁodmptanceaibﬂaofszo%

Reported sampies were from method ETS-8-044.0, dinect injection analysis. ETS-8-044 Is included on the 3M Environmental
Laboratory’s 1ISO 17025 scope of acoreditation.

8]

E07-0149; interim Report #2 Page 21 of 145
3M Cordova Groundwater - December 2009



p- 27

CONFIDENTIAL

Table 7 continued. Sample Concentrations

Sample Concentration (ng/mL)

3M LIMS ID Sampie Description PFBA | PFOA PFBS | PFHS PFOS

Production Wells “ o

E07-0149-143 cou-evmw-a-u-o-om'zqa 293 680 | 241 9.17 780
07-0149-144  [COIL-GW-MW.-3.94-DB-091203 288 651 | 234 | em 74.4
, ' Avengd 200" | 66" | 238" | sor | 7e2v

%RPDSMMQMMA 24 | 44 | 20 48 a7

Field Wells o 4 »

[E07-0148-148 | |COIL-GW-MW-1-79-0-091202 ' 240 205 . 180 13.7 237
E07-0149-149  [COIL-GW- MW+1-79-DB-091202 L2209 | 214 3.34 148 25.1
: ‘ . Averagd ”240""’. 200" | 257" 14.39 24.4"

: msmmmpnow:cml 042 43 so™ 7.7 6.7

£070149-153  [COIL-GW-MW-3-79-0-091208 | sa 4.05 197 7.40. 18.9
E7.0149-154  |COIL-GW- MW:3-78-DB-091203 80.9 4.15 19.9 7.70 16.9
; 'Amgd st | 40 19.8" 7.65" 16.9"%

%RPD Semple/Sample Duplicatd 049 24 1.0 . 4.0 0.0

E07-0140-158  |COIL-GW-MW-4-78-0-081203 887 | 0123 | 00532 | 0.0445 0.176
E07-0149-159  [COIL-GW-MW4-7908091203 . |, 872 | 0123 | 00533 | 0.0474 0.172
‘ Aversgd 8.36" | 0.123% | 0.0633" | 0.0480% | 0.174%

%N’DSanpldSanploDupllcatJ .33 0.0 0.19 6.3 23

07-0149-163  |COIL-GW-MW-5-79-0-091202 ; ;_<'z.so‘ 0.0865 o.oévs_ <0.0260. | 0.0533
E07-0140-164  [COIL-GW- MW-5-79-DB-091202 <2.50 0.0865 | 00261 | <0.0250 | 0.0562
| _Averagd <2.60" | 0.0866™ | 0.02677 |<0.0260” 0.0848”

msmwa/smnomkml NA 0.0 4.5 NA 5.3

NA = Not Applicable

NC = Not Caicutated; ThesampleandsampledupllatapmdueadonemsuﬂabaveheLOdeoneresultbelowﬂnLOQ The
reported average concentration represents only the result above the LOQ. A true average was not calculated.

(1) Reported sample concentrations were from method ETS5-8-110.1, direct on-column injection of a sampies dikted 1:10 with
methanol. Method ETS-8-110 is notincluded on the 3M Environmental Laboratory’s 1ISO 17025 scope of accreditation.

{2) Samples wers extracted by solid-phase exiraction using method ETS-8-154.3. ETS$-8-154 is inciuded on the 3M
Environmental Laboratory’s 1ISO 17028 scope of accreditation.

(3) Some sample results may have adjusted analytical unceriainies due to fieid matrix spike recoveries. See tabies in section 9
of the report for additional sample comments.

(4) The relative percent difference (RPD) didnotmotmotrndacoaptanmmria of 20%.

(5) Reported sampias were from method ETS-8-044.0, direct injection analysis. ETse-ousw\dudedonNSMEmromnm
Laboratory’s ISO 17026 scope of accoreditation.
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Table 7 continued. Sample Concentrations ‘

| Sample Concentration (ngimL.)
3M LIMS 1D Sample Description PFBA | PFOA | PFBS | PFHS PFOS
Field Wells o , . .
E07-0145-168  [COIL-GW-MW-2-81:0-091202 - 6.18 0.0344 0891 | <0.0260- | 0.0537
E07-0140-160 (COIL-GW-AW:2-81-DB-091202 5.89 0.0343° | 0849 | <0.0250 | 0.0538
V L  Aversgd 604" -['0.0344% | 0.870" |<0.0250% | 0.05387
xmowusmmpnm] S48 | 0290 | 48 - |C NA | 019
E07-0149-173  [COIL-GW-MW:3-91-0-091202 | 483 | 583 0.352 5.70 795
EO70MB174  [COL-GWMW3S1.0B081202 ' | 481 | 474" | 0361 | 810 | 7.2
‘ . Aversgd 487" | 619" | 0367 | B4 | 7.54"
%N’DSmmldSmploDwItunJ_ 26 | 17 2.8 11 "
E07-0145-178  [COIL-GW-MW4-81-0001202" * . | 155 7| 6.30 778 | 708 | 220
[E07-0148-179 IL-GW-MW-4-81-08-091202 155 1 | 82t 767 - | 6.89 20 -
. lAveragd 155" | 626" | 7.73"? | 6.99" 215"
%mounmmw ) L 14 1.4 2.7 47
£07-0149-183  [COIL-GW-MW-3-81-0-091201- ' | 0.0791" | <0.0303 | <0.0255 | <0.0250 | <0.0253
E07-0149-184  [COIL-GW-MW-5-81-DB-091201 -+ | '0.0991 | <0.0303 | <0.0255 | <0.0250 | <0.0253
S Ahnqq 008917 |<0.0303% |<0.0265% |<0.0250” | <0.0263"
, %moscnm/sml&mﬁludf_'zzf" " | NA NA NA NA
E07-0149-188  [COIL.OWMW-7-940001202° © | | "634 | 7.23 1.54 7.53 211
[E07-0149-189  [COIL:GW-MW-7-84-0B-091202 " 834. | 722 | 226 7.83 20.4
' : © o Aversgd 63; 4“' 723" | 190" | 768" 208"
* %RPD sstm oauw{ 00 014 | 389 3.9 34
NA = Not Appiicable

Nc-NotcawaledThasampleandsampiadummmduoedmmmmeLOQandmemsunbebwmeLOQ The
reported average concentration represents only the result above the LOQ. A rue average was not caiculated.

(1) Rsmm«umpbwnmsmmmeﬂwdmﬂm direct on-column Injection of a samples diiuted 1:10 with
methanol. MsihodETS-&110lsnotM:dedmm3MEnWonmemalLobomorﬂISO17025wopedacam‘m

4] Remmdsamwammcbdbysoﬂd-phaaemcﬂohwmmeMErs-Msn ETS-8-154 is Incuded on the 3M
Environmenta! Laboralory’s 1SO 1702590@30130&%%

(3) Smesunﬂamuumwhmawunémmam:dmwﬁwmmmm Soetaﬂeshaecﬁons
of the report for additional sampie comments.

(4) The relative percent difference (RPD) did not meet method acceptance criteria of $20%.

(5) Repotbdumpleawamfrommmodﬂs&wo dracthjedbnanﬂysb ETS-8-044 is inciuded on the 3M Environmental
Labonmrfs 1SO 17025 scope of aomdnaﬁon ’
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Table 7 continued. Sample Concentrations -

A ‘ Samplo Concentration (ngimL)
3M LIMS ID Sample Description PFBA | PFOA | Pres | PrHs | Pros
Field Woils ' '
E07.0145-183  [COIL-GWEMWLE-84.0-091201 673 | 19 | 114 | 140 135
E070149183  |COL-GWMW.S040B001201 - |. 670, | 126 | o087 | 188 | 119 .
 Avengd 6767 | 1229 | 104 | 1830 | 127®
%nms-mpwsmwoomimul 089 | 49 | 2 | 4 T
EOT0M49-198  [COIL-GWAMW--40001201 . | 643 498, | 0908 | es9 212
EO7-0148199  [COIL-GW-MW-9-94-D8-091201 62.7 a6t | os82 | e® 174
. N _Averspd 6357 | 480" | 08949 | es1® | 193"
%RPD Semple/Sample Duplicatd 2.6 77 27 | o 20
F07-0148-203  [COIL-GW-MW:22560-0-091203 631 | <00303 | <0.0265. | <0.0250 | <0.0253
070149204  [COL-GWMW-2258008-091203 | . 491 | <0.0303 | 0.0604 | <0.0250 | <0.0253
| Averagd 6.41"  |<0.0303% | 0.06047 [<0.0260% | <0.0263%
%RPD Sampie/Sample Duplicetd 7.8 NA | Ne NA NA
Production Waells o
070149208 [COL-GWPW-11:0001201 . | 197 | 0118 | <0.0256 | 0111 | 0288
F07.0149200  [COIL-GW-PW-1.DB-091201 220 | 0118 | <00285 | 0410 | 0268
A 2007 | 0.118" |[<0.0265® | 0.114® | o278
%RPD SampieSample Duplicatd. 11 | 00 | NA | 00 72
070140213 |COLGW-PW-120001201 . | 488 | 142 | oos0s | 123 | 115
F07.0149214  [COIL-GWPW-1208001201 | 443 | 133 .| 003 | 122 | 114
. Aveagd 441" | 138" [o0ser® | 1230 | 4130
xmwmmo«um«] 65 9.1 0.2 35

NA = Not Applicable

NC = Not Calcudated; 'lhesampteandsampleduplmtapmdueedomrosutabovemeLOQandmresunbeIWmeLoc The
reported average concentration represents only the result above the LOQ. A frue average was not calculated.

1) Repomdumpbconeennﬁonswmmmmﬂoa d!maon-colunnlnlewonofaumplesdumedﬁomm
methanol. MsmmETS-s-ﬁOisnotmcludedontmaMEmmmaluboratory'slsc17025mpeofmeduaﬂm

@ Smnphswemeﬂactodbysoﬁdﬂseemwonmhgmmodﬂs-wﬁa ETS-8-154 is included on the 3M
Ervironmental Laboratory’s 1SO 17025 scope of accreditation.

(3) Some sample results may have adjusted analytical uncertainties dus to fieki matrix spike recovenes See tables in section 9
of the report for additional sample comments,

(4) The reiative percent difference (RPD) did not meet methad acceptance criteria of $20%.

(5) Reported samples were from method ETS-8-044.0, direct injection analysis. ETS-8-044 is included on the 3M Environmental
Laboratory’s ISO 17025 scope of accreditation, '

E07-0149; Interim Repost #2 Page 24 of 145
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Table 7 continued. Sample Concentrations

Sample Concentration (ng/mL)

M LIMS 1D Sample Description PFBA PFOA PFB3 PFHS PFOS

Production Wells i

E07-0140-218 (COIL-GW-PW.13.0-091201 57.9. 7.86 187 8.49 14.9

EO7.0149210  |COIL-GW-PW-13-DB-001201 '56.9 7.99 1.69 8.43 147
) o Aversgd 574" | 7.93" 163" | 646" 148"

%msawdsunpnouplmdffﬁ_.v BT 49 0.93 14

E07-0149-223  [COIL-GW-PW-24-0081201 ° “1,40 0344 | <0.0265 | 0.403 0.729-
E07-0149-224  |COIL-GW-PW-24-DB-091201 450 | 03s0 |<00255 | o412, | o725
Aversgd 1467 " | 0.347% |<0.0265™ | 0.408® | o0.721%

%MDSW&M - 89 47 - NA 2.2 085

E07-0149-228  |COIL-GW-PW37-0-091201 “141 | 0342 | <0.0255 | 0403 0.709
£07-0149-229  |COIL-GW-PW-37-DB-091201 1.3 0342 | <0.0255 | 0.398 -0.886
' OAvougcl 1307 | 03427 [<0.0256® | 0.401" | o0.6987

%Rmsmdsmtoowuwi 38 0.0 NA 1.2 33

Commercial Wells . g

E07-0148-233 . [cOLGW-C1-0081203 ' ;. | 0758 <0.0303 | <0.0255 | <0.0250 | <0.0253
F070149-24  [COLGW.CI-DB0BI1203 ~ ©  |70.819 | <0.0303 | <0.0256 | <0.0250 | <0.0253
Av&-gq ona“’ <0.0303% |<0.0256% |<0.0250 |<0.0263%”

%MWMDWJ "8.0:" NA NA" NA NA

EO70148238  [COLGW.C20.091203 - “432 | <0003 | 0144 | <0020 | <00253
[E07-0149-239  [COIL-GW-C2-DB-091203 ' | "hes | <0.0203 | 0.145° <0.0250 | <0.0253
7 Aversgd ‘481" [<0.0303% | 0,148 [ <0.0250% | <0.0283%

%RPD s-rwdsanpnoM ‘g2l NA 0.69 NA NA

NA = Not Appiicable

NC = Not Calculated; TmsamleW&mﬂeﬂuﬂwmmorﬁmwammLOQandonemutbemmeLOQ The

mpomdmgemmnmmenubﬁymmaMhLOQ A true average was not calculated.

n Rewhdmpbmwnﬂﬁonswmmwt'r&-&ﬁm dtoeton-eolunninjewono!asamplesddubﬂ 10 with
methanol. MeﬂndEts-&ﬁObndhdﬁaddnmwammumquOW&Smmdmm
@ Sanphsmexﬁadedbysoid-phasaaﬂadionwngmeﬁmmwﬁs ETS-B-thislndudedonheaM
Environmental Laboratory's ISO 17026 scope of accreditation.’
(3) Some sample results may have adjusied analytical uricertainties due to field matrix spike recoveries. SQtabbshsediono
of the report for additional sampie comments,
{4) The relative percent difierence (RPD) diﬂnotmeetmelhodmpmaiaﬂaofﬂo%

(5) Reported samples were from method ETS-8-044.0, direct injection analysis. ETS-&-O“nsiwdmedonmeSMEnWmmemal

Laboratory’s 1ISO 17025 scope of accreditation.

EQ7-0140; Interim Report #2
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Table 7 continued. Sample Concentrations o o

Sampte Concentration {ng/mL})
SMUMSID | Sample Description PFBA | PFOA | PFBS | PFHS | PFOS.
Commercial Wells ‘ o | L

EO7-0149-243  [COL-GWC3.0-091203 00756 | <0.0303 | <0.0255 | <0.0250 | <0.0253.:
Eo7o14p244  [cOLOWCIDBOSI203 00775 | <0.0303 | <0.0255 | <0.0260 | <0.0253

' Aversgd 00767 | <0303 |<0.02887 | <0.02807 | 002857

%RPD SamplaSample Duplicatsl 2.2 |  NA NA NA NA

E07-0149248  |COILGWCA-0-091203 0213 | 00031 | <0.0266 | <0.0250 | 00420
E070149-249  [COIL-GW.CA-DB091203 020 | 00943 | <00255 | <0.0250 | 0.0408

Averagd 0.211%" | 0.0937% |<0.0285” |<0.02607 | 0.0413%

%RPD Samplo/Sample, q 1.9 13 NA NA 34

070149263 [COIL-GW-C5-0-091203 ‘ 0543 | 00381 | <0.0255 | <0.0250 | <0.0263
£07-0149-254  |COIL-GW-C5-DB-091203 0538 | 00353 | <0.0255 | <0.0250 | <0.0253

CAveragg 0.8417 | 0.0367% [<0.0258™ |<0.0260" | <0.0263%
%ms.mpws-npnownum[ 0.93 22 | NA . NA NA

NA = Not Applicabie .
NC = Not Calcutated; The sample and sample dupficate produced one resutt above the LOQ and one resut below the LOQ. The

()
@
&)

4
6)

reported average concentration represents only the result above the LOQ. A true average was not calculated.

Reported sample concentrations weve from method ETS-8-110.1, dtadon-columninjecﬁono?asamplesdnubﬁ 10 with
methanol. Method ETS-8-110 is not included on the 3M Environmental Laboratory’s ISO 17025 scope of accreditation.
Samplesmemdedbysoﬂd‘omuemabnusmgmemodﬂs-&1“3 E7S-8-154 Is induded on the 3M
Environmenial Laboratory's ISO 17025 scope of accreditation.

Some sampie results may have adjusted analytical uncertainties due to field matrix spike recoveries. Seetablosinmo
of the raport for additional sample comments. : . .
MWMWdMan)dﬁMMmmmmamadszo%

Reported samples were from method ETS-8-044.0, dlrsdmeaionmatysls ETW!smdmedonmewsmimmemal
Laborulay’slSOﬂozsscopeofawadwﬁon :

E07-0149; Interim Report #2 Pege 26 of 145
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8.9 Field Matrix Spikes (FMS)

Low and high field matrix spikes were coflected at each samplmg point (with the exception of the rinse
blanks) to verify that the analytical method is applicable to the collected matrix. Field matrix spikes are
generatedbyaddingamemedvolumeafﬂeldsampleto a container spiked by the laboratory with the
target analytes prior to shipping sample containers for sample collection. Field matrix spike recoveries
within method acceptance criteria of 100£30% confirm that “unknown” components in the sample matrix
do not significantly interfere with the extraction and analysis of the analytes of interest. Field matrix
spakesare presentedin the section 9ofth|smport

FMS R ccov ery - (Samplc Concentration of FMS Avérage Concentration : Ficld Sample & Field Sample Dup.) , 100%
' prke Concentraton
Table 8. Field Matrix Spike Cohcenifatiqns~ o
. , o ) Final Concentration. (ng/mL.)
Location Description - .- . | PrBA | PFOA | PFBS | PFHS | PFOS
LowFleld Matrx Spke - | 100 | 0997 | 0999 | 100 | 099
MW-1-88, MW-1-93, and T —
MWLSTS Md FedMavixSpke | 100 | 997 | 9% | 100 | 099
High Field Matrx Spke | %00 | 49 | 500 | 500 | 500.
1:90, MW-2:90, MV.o- [Low Fiel MatrixSpike « . | 100 .| 0997 | 0980 | 100 | 09%9
R, MW-1-79, MW-3-81, e
%:t&a 1, MW-7-94, MW.E- Mid Field Maﬁix Spike  c:.] 100 9.97 . 8.99 10.0 999
04, and PW-13 o Field MatrixSpike | 100 | 101 | 102 | 100 | 101
" |owFelomatixSpiké’ | 100 | 997 | 99 | 100 | 98
V-394 " midFiedMabixSpke . | 100 | 101 | 102 | 100 | 101
| |High FieldMatrixspie | 500 | s05 | 510 | s00 | 505
MVV4-79, MW-5-79. MW-2- |Low Field Matrix Spike 0250 | 0249 | 0250 | 0250 | 0.260
1, MW-5-81, MW-9-94, ik A —+—
VW-225801", PW-11, PW- [Mid Fiekd Matrix Spike 100 | 0867 | 0999 | 100 | 0999
12, PW-24, PW-37, and
c1-C5 Migh Field Matrix Spike 10.0 9.97 9.99 10.0 9.99
Low Field Matrix Spike 0250 | 0249 | 025% | 0250 | 0.250
Trip Blank Mid Field Matrix Spike 100 | 997 | 999 | 100 | 999
High Field Matrix Spike 100 101 | 102 | 100 | 101

(1) Sample bottle E07-0149-0206 (COIL-GW-MW-22580-MS) was overfiled by mors than 10% (222 mL). Sempile bottie EQ7-
0149-0237 (COIL-GW-C1-HS) was overfilled by more than 10% (225mL). The true value of these two spikes has been
adjusted accordingly.

8.10 Laboratory Matrix Spike (LMS)

The high field matrix spike concentration was not sufficient for sample location COIL-GW-MW-1-88 for
PFBA and PFBS, for MW-1-90 for PFBA, for MW.9-80R for PFBA, for MW-1-79 for PFBA, and for MVW-
9-94 for PFBA. Laboratory matrix spikes where prepared on the sample prior to analysis by ETS-8-
110.1. The preparation of a laboratory matrix spike was inadvertnetly missed for location MW-8-84, A
protocol deviation is included in the raw data package. LMS recoveries on this sample are presented on
Table 9. Laboratory matrix spikes were prepared on the following samples:

E07-0148; Inlerim Report #2 Page 27 of 145
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Table 9. Lab Matrix Spike Concentrations.

Concentration
Concentration (ng/ml) {ng/mb)
| Description Semple ID PFBA PFBS
COIL-GW-MW-1-88; 100 ppb Lab Matrix Spike | E07-0148-118 100 102
COIL-GW-MW-1-90; 500 ppb Lab Matrix Spike | E07-0149-123 | 250 NA
COIL-GW-MW-9-00R; 50 ppb Lab Matrix Spike | €07-0149-133 500 NA
COIL-GW-MW-1-79; 250 pob Lab Matrtx Spike | E07-0149-148 250 NA

NA = Not Applicable

(LMS Sample Concentration - Average Conoentrauon Sample & Sample Dup.) , 100%

LMS Recavery = LMs Spska Concentraton

The tables below summarize the sample results and field matrix spike recoveries for the sampling
locations as well as the Trip Blanks, Results and average values are rounded to three significant
figures according to EPA rounding nies. Because of rounding, values may vary slightly from those .
listed in the raw data. Field matrix spikes (FMS) recoveries meeting the method acceptance criteria of

+ 30%, demonstrate that the method(s) were appropriate for the given matrix and their respective
quantitative ranges. In those instances where the most approgpriate field matrix spike recoveries did not
meet method acceptance criteria, analytical uncertainty has been adjusted accordmgly and the data
footnoted.

COIL-GW-MW-9-30R: The high field matrix spike was not sufficient for PFBA, therefore, a lab matrix
spike (LMS) at 500 ppb was prepared. The recovery of the LMS for PFBA was 148%. Since the LMS
was the only appropriate spike level as compared to the sample-concentration, the analyticai
uncertainty for PFBA has been adjusted to 100% % 48%. B ;

COIL-GW-MW-1-79: The MS sample for PFHS had a reoovery of 138%. The recovery of the HS for
PFHS was 20.8%. Since the MS was the most appropriate spike level as ‘compared to the sample
concentration, the analytical uncertainty for PFHS has been. adjusted 10 100% % 39%. ,

The high field matrix spike was not sufficient for PFBA, therefore a lab matrix spike (LMS) at 250 ppb
was prepared. The recovery of the LMS for PFBA was 145%. Since the LMS was the only appropriate
spike level as compared to the sample oonoentratnon the analyhcal uncertainty for PFBA has been
adjusted to 100% + 45%. ‘ «

COIL-GW-MW-3-79: The MS sample for PFOS had a recovery 9f69 1%. The recovery of the HS for
PFOS was 79.7%. Since the MS was the miost appropriate spike level as compared to the sample
concentration, the analytical uncertainty for PFOS has been adjusted to 100% % 31%.

COIL-GW-MW~4-81: The MS sample for PFBS had a recovery of 131%. The recovery of the HS for
PFBS was 106%. Since the MS was the most appropriate spike level as compared to the sample
concentration, the analytical uncertainty for PFBS has been adjusted to 100% & 31%.

COIL-C1: The LS sample for PFOS had a recovery of 66.9%. The recovery of the MS and HS for
PFOS was 80.2% and 85.4%, respectively. Since the LS was the most appropriate spike level as
compared to the sample concentration, the analytical uncertainty for PFOS has been adjusted to 100%
% 33%.
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CONFIDENTIAL

Laboratory control spikes and field matrix spikes were used to determine the analytical method
accuracy and precision for all analytes. Analysis was successfully completed following 3M
Environmental Laboratory methods described herein.

All remaining samples and associated project data (hardcopy and elactromc) will be archived according
to 3M Environmental Laboratory standard operating procedures.

Attachment A: Test Protocol

Attachment B: Test Protocol Amendment
Attachment C: Analyticat Method
Attachment D: Representative Chromatograms and Calibration Curves
Attachment E: Method/Protocol Deviations , , .

S
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JW‘V‘BF% | 9*/3/9;0/0
\ | . Date

-Susan Wolf, 3M PrincbaI.AnaW Investigator.

J SEH /0
William K. Reagen, Ph.D., 3M Environmental Laboratory Manager Date

35¥ Zol/io.

Date

T
212l

Jaisimha Kesari, Study Director
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3M ENVIRONMENTAL LABORATORY CONFIDENTIAL  oh Request Number: E07-0149

ANALYTICAL STUDY PROTOCOL

Study Title
Analysis of Perfluorobutanoic Acid (PFBA), Perfluorooctanoic Acid (PFOA),
Perfluorobutanesulfonate (PFBS), Perfluorchexanesulfonate (PFHS), and
Perfluorooctanesulfonate (PFOS) in Groundwater Using LC/MS/MS for the “3M
Fluorochemical (FC) Assessment Work Plan for the 3M Cordova, IL Facility”.

Data Requirement
GLP

Date:
April 11, 2007

Performing Laboratory
3M Environmental, Health, and Safety Operations
3M Environmental Laboratory
3M Center, Bldg 260-5N-17
St. Paul, MN 55144

Laboratory Project Identification
EO07-0149

Page 1 of 10
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Study Identification

Analysis of Perfluorobutanoic Acid (PFBA), Perfluorooctanoic Acid (PFOA),
Perfluorobutanesulfonate (PFBS), Perfluorohexanesulfonate (PFHS), and
Perfluorooctanesulfonate (PFOS) in Groundwater Using LC/MS/MS for the “3M
Fluorochemical (FC) Assessment Work Plan for the 3M Cordova, IL Facility”.

Test Substance . . The test materials are perfluorobutanoic
o " acid (PFBA), perfluorooctanoic acid
(PFOA), perfluorobutanesulfonate (PFBS),
perfluorohexanesulfonate (PFHS), and
perfluorooctanesulfonate (PFOS).

Sponsor : '3M Corporation
‘ © o St.Paul, MN 55144

Sponsor Representative +© Gary Hohenstein
3M Environmental Health and Safety
Operations :

. Bldg 42-02-E-27
" -St.'Paul, MN 55144
Phone: (651) 778-5150
Fax (651) 778-7203
gahohenstein@mmm.com

Study Director Jai Kesari
Weston Solutions
1400 Weston Way
West Chester, PA 19380
Phone: (610) 701-3761
Fax: (610-701-7401
j. kesari@westonsolutions.com

Page 2 of 10
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Principal Analytical Investigator (PAI} Susan Wolf

3M Environmental Health and Safety
Operations . a
3M Center, Bidg. 260-05-N-17

. St. Paul, MN 55144
Phone: (651) 733-9851
Fax (651) 733-4687

. stwolf@mmm.com

Study Location(s) - - . ST
Testing Facility 3M Environmental, Health, and Safety
- ~Operations
. - -:3M Environmental Laboratory
3M Center, Bidg 260-5N-17
. St,Paul, MN 55144

Proposed Study Timetable ~ .~,:
Experimental Start Date .~ = - Sample Receipt: Early April, 2007

Experimental Termination Date ., _May 31, 2007
17,
Page 30of 10
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1. Stuoy

Analysis of Perfluorobutanoic Acid (PFBA), Perfluorooctanoic Acid (PFOA),
Perfluorobutanesuifonate (PFBS), Perfluorohexanesulfonate (PFHS), and -
Perfluorooctanesulfonate (PFOS) in Groundwater Using LC/MS/MS for the “3M
Fluorochemical (FC) Assessment Work Plan for the 3M Cordova, IL Facility™.

2. PURPOSE

The purpose of this study Is to analyze groundwater samples from seventeen -
monitoring wells and five production wells from the 3M Cordova facility, for
perfluorobutanoic acid (PFBA), perfluorooctancic acid (PFOA), (PFBS), ,
perfluorohexanesulfonate (PFHS), and perfluorooctanesulfonate (PFOS). The samples
will be prepared and analyzed using the current version 3M Environmental Laboratory-
analytical method ETS-8-154. “Determination of Perfluorinated Acids, Alcohols, Amides,
and Sulfonates In-Water By Solid Phase Extraction and High Performance Liquid
Chromatography/Mass Spectrometry”. The targeted limit of quantitation will be
0.025ng/mL (ppb) for all compounds of interest.

3. ReGULATORY COMPLIANCE

The analytical portion will be conducted in accordance with the United States
Environmental Protection Agency Good Laboratory Practice Regulations for Non-clinical
Laboratory Studies, 40 CFR 792.

4. QUALITY ASSURANCE

The 3M Environmental Laboratory Quality Assurance Unit will audit the study conduct,
raw data, and final report to determine compliance with Good Laboratory Practice
Regulations, this protocol, and 3M Environmental Laboratory Standard Operating
Procedures.

5. TEST SUBSTANCES

Teost Substance PFBA PFOA PFBS
Chemical Name Perfluorobutanoic Acid Perfluorooctanoic Acid | Perfluorobutane sulfonate

Chemical Formula CaF,CQO° CsF15CO0° CaFeSOy
dentifier Acid Ammonium Salt Potassium Salt
CAS# 375-22-4 CAS# 3825-26-1 CAS# 20420-49-3
Page 4 of 10
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Test Substance PFHS PFOS
Chemical Name Perfluorohexane sulfonate | Perfluorooctane sulfonate

Chemical Formdla‘ - CeF13S0Oy CsF 1780y
) Potassium Salt Potassium Salt
identifier - S,
CAS# 3871-99-6 CAS# 2795-36-3

Samples for this study are “real world” samples, not dosed with a specific lot of test
substance, at any particular rate. . Therefore only the analytical phase of this study will
be performed under. the: GLP standards

1
The test substances for this study are not test substances in the classic sense, The
known source, expiration date, storage conditions, chemical lot number, TCR number,
physical description, and purity of the fest-sybstances that are being monitored in the
test system are not known as they would be known for the reference substances::

IR s
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7. TEST SYSTEM

The test system is groundwater. Additional sources may be added as requested.
Sections 40 CFR 792.120 (6), (9), (10) and (11) are not applicable as only the analytical
phase of this study is under the Good Laboratory Practices.

The test systems were chosen to access the impact of the reference substances in the
3M Cordova, lllinois facility, and are defined in the work plan. The samples willbe
collected by Weston Solutions and shipped to the testing facmty The controi samptes
will be prepared by the testing facility.

Prior to collection, each sample bottle sent to the testmg Iocatlon will be identified with a
laboratory sample reference number. This reference number will be unique and will
distinguish each laboratory sample that is carried through the analytical procedure.
Chromatographic data will be ldentaﬁed by the laboratory sample reference number

8. SPECIMEN RECEIPT o

The groundwater samples will be collected from seventeen monitoring wells and five
production wells from the 3M Cordova facility. Water samples will be collected by
Weston Solutions personnel and shipped to'the 3M:Environmental Lab.on ice. ‘Samples
will be kept refrigerated at 2°C- 8°C from the time of sample receipt until analysis.

t

9. EXPERIMENTAL DESIGN !

9.1 Preparatory and Analytical Method
Samples will be prepared and analyzed. using ETS-8-154: “Determmatlon of
Perfluorinated Acids, Alcohols, Amides, and: Sulfonates In Water By Solid Phase
Extraction and High Performance Liquid ChromatographylMass Spectrometry”.
Extracted calibration standards will be prepared in a similar matrix (Milli Q or matrix
matched water) to be determined along wnth* the QC sampies

All containers used for water sample collectton w:ll be shipped to the sample location. A
field duplicate and at least two levels of field splkes of each sample will be collected.
Some sites may have additional field spikes to bracket the possible concentration
ranges of analytes in a location. The field spikes will contain PFBA, PFOA, PFBS,
PFHS and PFOS. The field spikes will be used'to determine the precision and accuracy
of the method for each site sampled. Laboratory spikes and laboratory duplicates will
not be a component of this study but, |f necessary, can be done with approval or by
request of the study director.

Recoveries of field matrix spikes (FMS)' are anticipated to be between 70% and 130% of
the fortified levels. If the recoveries of the field spikes fall outside the acceptable range,
the sample result will be reported as “NR” (not reported due to QC failures).

Page 7 of 10
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For each extraction batch at least three method blanks will be prepared. In addition,
triplicate lab control spikes at a minimum of two different concentrations are to be
performed with each extraction batch.

9.2 Methods for Control of Bias

Control of bias is accomplished using laboratory control :samples (as indicators of
method accuracy. and precision) and blanks. Laboratory control samples are used to
determine the overall data uncertainty for each batch. Milli Q@ or matrix matched water
will be used to prepare the laboratory controi sampies. - Triplicate laboratory .control
samples at a minimum of two different concentrations are to be performed with each
extraction batch. The relative standard deviation of the pooled recoveries must be less
than or equal to 20% and the average recovery must be 80-120%. Low. lab control
spikes will be prepared at concentrations approximately five to ten times higher than the
targeted LOQ and high laboratory control splkes will be prepared at conoentraﬂons near
the mid-point of the calibraticn curve ‘ \ 4

For each analytical batch of samples, solvent and method blanks will be analyzed
Method blanks must be done with each extraction batch. A range of three to seven
method blanks must be prepared interspersed throughout the extraction batch and
analyzed throughout the analytical sequence: The mean area count for each analyte in
the method blanks must be less than 50% of the area count of the LOQ standard. If the
mean area counts of the method blanks exceed 50% of the LOQ standard, then the
LOQ must be raised to the first standard level in the curve that meets criteria.
Alternatively, the method blanks could be evaluated statistically to determine outliers or
technical justification to eliminate a blank may be made when determining the LOQ.
The criteria are then applied again to evaluate method blank compliance. If any method
blanks are removed from the LOQ determ:natnon documem in the rpport or the raw data
as appropnate \ wi

10. DATA QUALITY OBJECTIVES

Method performance criteria will be demonstrated for each analytical batch in
accordance with ETS-8-154. The appropriate laboratory control samples prepared with

p-73

each set of samples should verify the method’s ‘accuracy is 100% * 20%, and the

method'’s precision is within £20% relanve standard devnation

11. STATISTICAL ANALYSIS | o

Averages and standard deviations wxll be calculated Addmonal calculattons are
provided in ETS—8-43

12. RePORT

A report of the results of the study will be prepared by M Environmental Laboratory.
The report will include, but not be limited to, the following, when applicable:
12.1 Name and address of the facility performing the study, '

Page 8 of 10
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12.2 Dates upon which the study was initiated-and completed.

12.3 A statement of compliance by the Study Director addressing any exceptrons
to Good Laboratory Practice Standards.

12.4 Objectives and procsdures as stated in the approved protocol includang any
amendments to the original protocol.

12.5 The test substance identification by name, chemical abstracts number or
code number, strength, purity, and composition or other appropriate

* characteristics, if provided by the ‘Sponsor. . .
12.6 - Stability and the solubillity of the test-substances under the condrtrons of
.+ administration, if provided by the Sponsor. ;

12.7 - A description of the methods: used to: conduct the test(s)

12.8 A description of the'test system...- . -

12.9 - A description of any crrcumstanoes that may have affected the quatrty or .the
integrity of the data. - BALy Tl ‘ e T

12.10 The name of the Study Dtrector and the names of other scremrsts TR
professionals, and supervisory personnel involved in the study.

12.11 A description of the transformations; calculations, or operations performed-on
the data, a summary and analysis:of the- analytrcal chemistry data, and a
statement of the conclusions drawn from the analyses. A

12.12 Statistical methods used to evaluate the data, if applicable. - - o

12.13 The signed and dated reports: of.each of the individuat scientists or other
professionals involved inthe study, if applicable. E . %

12.14 The location where raw data and the final report are to.be stored. - Lo

12.15 A statement prepared by the Quality:assurance unit listing the dates that '
study inspections and:audits:were made and the dates of any findings
reported to the Study Director and Management. .

12.16 If it is necessary to make gorrections or-additions to a final report after it has
been accepted, the changes will be made in the form of an amendment
issued by the Study Director. The amendment will clearly identify the part of
the final report that is being amended, the reasons for the amendment, and
will be signed by the Study Director.

13. LOCATION OF RAW DATA, RECOROS, AAID FINA‘L REPORT

Orrgmal data or copies thereof wrll be avaalable at M Envrronmental Laboratory to
facilitate audits of the study during its progress. and before acceptance of the final
report. When the final report is completed, all original paper data, inciuding those items
listed below will be retained in the permanent record archives of 3M Envrronmentat
Laboratory following signing of the report
op o _
13.1 The following raw data and records will be retained in the study folder.in the
archives according to 3M Environmental Laboratory Standard Operating
Procedures.
13.1.1 Approved protocol and amendments
13.1.2 Study correspandence.
13.1.3 Shipping records.
13.1.4 Rawdata . ... .
13.1.5 Approved final report (ortginal signed copy)

, Page 90of10 .
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13.1.6 Electronic copies of data

13.2 The following supporting records will be retamed separately from the study

- folder in the archives according to 3M: Enwronmenta! Laboratory Standard
Operating Procedures: Cor

13.2.1 Training records

13.2.2 Calibration records .

13.2.3 Instrument maintenance logs . ‘

13.2.4 Standard Operatmg Procedures Equupment Procedures and Methods

13.2.5 Appropriate specimens =

14. DATA/ SAMPLE RETENTION

A portion of the test substance used in this study will be retalned fora period not less
than 10 years foilowung the application of the final test rule. The extracts will only be -
retained so long as their quality affords evaluatnon

15. PROTOCOL AMENDMENTS AND DEVIATIONS L

Planned changes to the protocot will be in the form of wntten amendments szgned by
the Study Director and the Sponsor's Representative. Amendments will be considered
as part of the protocol and will be attached to the final protocol.. Any other changes
(unplanned) will be in the form of written deviations, signed by the Study Director and
filed with the raw data. All changes to the protocol and the reason for the changes will
be indicated in the final report. :

16, SIGNATURES

Yz

Jai Kesari, Study Director - o Date

Gary A. Hohenstein, Sponsor Representative -~ -~~~ ‘ Date

W% o S50
illiam K, Reagen, 3M Environmental Laboratory Management Date

Page 10 of 10
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13.1.6 Electronic copies of data

13.2 The following supporting records will be retained separately from the study
folder in the archives according to 3M Environmental Laboratory Standard
Operating Procedures:

13.2.1 Training records
13.2.2 Calibration records .
- 13.2.3 Instrument maintenance logs
13.2.4 Standard Operat!ng Procedures, Equipment Procedures and Methods
13.2.5 Appropriate specimens

14. DA TA / SAMPLE RETENTION

A portuon of the test substance used m this study will be retained for a period not less
than 10 years following the application of the final test rule. The extracts will on!y be
retained so long as their quality affords evaluation.

15. PROTOCOL AMENDMENTS AND DEVIATIONS '~
Pianned changes to the protoool will be'ln the form of written amendments signed by

the Study Director and the Sponsor's’ Representaﬁve Amendments will be considered -

as part of the protocol and will bé attached to the final protocol. Any other changes
(unplanned) will be in the formi of writtén deViations, signed by the Study Director and
filed with the raw data. All changes'to'the protocol and the reason for the changes wiu
be indicated in the final report.

16. SIGNATURES

p-76

Jai Kesari, Study Dlrector o : Date .
ﬁm 4 Wv{ ﬁm! (7 2007
Gary A/ Hohenstein, Sponsor Representative” Date
William K, Reagen, 3M Enwro_nmonta! Laboratory Management . Date
Page 100f 10
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Study Title

Analysis of Perfluorobutanoic Acid (PFBA), Perfluorooctanoic Acid (PFOA),
Perfluorobutanesulfonate (PFBS), Perfluorohexanesulfonate (PFHS), and
Perfluorooctanesulionate (PFOS) in Groundwater Using LC/MS/MS for the “3M Fiuorochemical
(FC) Assessment Work Plan for the 3M Cordova, IL Facility”

PROTOCOL AMENDMENT NO. 2

Amendment Date:
November 19, 2008

Performing Laboratory
3M Environmental, Health, and Safety Operations
3M Environmental Laboratory
Building 260-5N-17
Maplewood, MN 55144-1000

Laboratory Project Identification
E07-0149

Page 10f 4
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3M Protocol E07-0149
Amendment #2

This amendment modifies the following portion of protocol:

Analysis of Perfiuorobutanoic Acid (PFBA), Perfluorooctanoic Acid (PFOA),
Perfluorobutanesulfonate (PFBS), Perfluorohexanesulfonate (PFHS), and
Perfluorooctanesutfonate (PFOS) in Groundwater Using LC/MS/MS for the “3M Fluorochemical
(FC) Assessment Work Plan for the 3M Cordova, IL Facility”

PROTOCOL READS:

6. REFERENCE SUBSTANCE

Reference Substance PFBA PFOA PFBS
Chemical Namse . Perfluorobutanoic Acid . Perfluorocctanoic Ackd Perflucrobutanesutfonate
Chemical Formula CsFCOO" CiF sCOO’ © CoFeSOy
Identifier Acid Ammonium Salt Potassium Sait
CASH 375-22-4 CAS# 3825-26~1 CAS# 28420-49-3
Source Aldrich M <1V I
Expiration Date 02/16/2017 02/2712017 0141872017
Storage Conditions ~ Frozen Frozen Frozen
Chemical Lot Number 09713EC 332 2
TCR Number TCR-757 TCR-123 TCR-282
Physical Description Liquid, room temp White powder Good/white crystals
Purity 98.7% 95% 97.3%
Solubility No information available - 220% 54,400 ppm
Reference Substance PFHS PFOS
Chemicat Name Perfiuorohexanesufongts " Perfuorooctanesulfonate
Chemical Formula " CoFsSOy CoFySOs”
Genifior Potassium Salt Potassium Sait
CAS# 3871-99-6 CAS# 2795-38-3
Source M ' 3m
Expiration Date 0211212017 08/31/2016
Storage Conditions Frozen Frozen
Chemical Lot Number NB 12006789 . ) 217
TCR Number TCR-083 TCR-1168
Physical Description .~ White powder White powder
Purity 98.6% 88.9%
Solubility No information available €80 ppm
Page 20of 4
EQ07-0148; Interim Report #2 Page 74 of 145

3M Cordova Groundwater - December 2009 .

p-79



p- 80

CONFIDENTIAL
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Amendment #2
AMEND TO READ:
8. REFERENCE SUBST ANCE ’ _
Reference Substance | . PFBA . "~ PFOA™ PFBS
Chemics! Name Perfluorobutanoic Acid -~ | Perfluorooctanoic Acid | Perflucrobutanesuifonate
Reference Substance PFHS pFOSY
Chemical Name Perfluorohexanesulfonate | Perfluorooctanesulfonate

(1) Two reference substances will be used for PFOA and PFOS, one containing primarily linear isomers,.
and the second comaining branched isomers, )

'REASON: PR o o -
To allow for the usa of reference substances that mey be identified by TCR number or lot - -
‘number other that those stated in the protocol. . : :

PROTOCOL READS:

9.1. Preparatory and Analytical method - - o ST
Samples will be prepared and analyzed'using ETS-8-154: “Determination of Perflucrinated
Acids, Aicohols, Amides, and Sulfonates In Water: By Solid Phase Extraction and High -
Performance Liquid Chromatography/Mass Spectrometry”. .

AMEND TO READ:

9.1. Preparatory and Analyticalmethod - " . o
Samples will be prepared and analyzed by LC/MS/MS following ETS 8-154.3 “Determination
of Perfluorinated Acids, Alcohols, Amides, and Suifonates in Water By Solid Phase Extraction
and High Performance, Liquid Chromatography/Mass Spectrometry”. :

Alternately, samples may be analyzed by ETS-8-044.0 “Determination of Perfluorinated
Compounds In Water by High Performance Liguid Chromatography/Mass Spectrometry
Direct Injection Analysis® or ETS-8-110.1 *Methpd of Analysis for the Determination of
Perflucrinated Compounds in Water, Soit and Sediment by LC/MS/MS”.

REASON: ooy ‘ .
Method ETS-8-154 is typically used for samples that contain perfluorinated compounds in the
concentration range from 0.025-ng/mL to 25'ng/mL. Previous analysis of groundwater
samples from the Cordova area (Interim report #1)'produced sample results at levels that
were greater than 25 ng/mL. The reason for this amendment is to allow for the use of ..
methods ETS-8-110 and ETS-8-044, which are better suited for the analysis of samples of
varying concentrations. B )
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1 Scope and Application

The method describes the analysis of fluorochemicals (typically perfiucronated acids, alcohols, amides,
and sulfonates) using HPLC-mass spectrometry/mass spectrometry.

Specific analytes, ions (parent and daughter) mafrices, solvents, solutions, quality controls, intemal
standards(s), and other parameters will be defined in the protocol or the sample preparation
worksheet(s). S ‘

Applicable Compounds: Electrospray ionizable fluorochemicals.

Matrices: To include, but not limited to, water, aqueous soiutions, organic solvents, soils, tissues, and
serum. The matrix will be defined by the ‘protocol or sample preparation worksheet(s).

O I WS "

2 Method Summary '

This method describes the analysis of electrospray ionizable fluorochemicals using HPLC-electrospray
tandem mass spectrometry (HPLC-ES/MSMS). The analysis is performed by following the mass
selection of a single ion characteristic of a particular fluorochemical, such as the
perflucrooctanesulfonate (PFOS) anion, m/z = 489 or perflucrooctanoate (PFOA), m/iz=413. A
compound specific product ion is created through high-energy collisions, and the creation of the
product ion is quantitatively monitored.

For example, the transition from 499 > 99 (characteristic of FSO5-) is monitored for PFOS and the 413
> 119 (characteristic of C,Fs-) transition is monitored for PFOA. This selectivity afforded by this
technique reduces background interferences and enhances analytical sensitivity.

3 Definitions

3.1 Atmospheric Pressure lonization (API):

Commercially available LC/MS and LC/MS/MS systems allow for various methods of ionization by
utilizing a variety of sources, probes, and interfaces. These include but are not limited to: Electrospray
lonization (ESI), Atmospheric Pressure chemical lonization (APcl). The ionization in these processes
occurs at atmospheric pressure (i.e., not under a vacuum).

3.2 Electrospray lonization (ES, ESI):

A method of ionization performed at atmospheric pressure, whereby ions in solution are transferred to
the gas phase via tiny charged droplets. These droplets are produced by the appilication of a strong
electrical field. Typically, this is for the analysis of fluorochemicals.

3.3 Mass Spectrometer (MS) or Tandem Mass Spectrometer (MS/MS):

Single mass spectrometer (MS) or Tandem mass spectrometers (MS/MS) systems are equipped with
quadrupole mass selective detectors. lons are selectively discriminated by mass to charge ratio (m/z)
and subsequently detected. A single MS may be employed for ion detection or tandem MS (MSMS)
may be employed to obtain specific fragmentation information.

4 Warnings and Cautions

4.1 Health and Safety

Always wear appropriate personal protective equipments such as protective gloves, eye protection, and
appropriate clothing when working with biclogical matrices, soivents, chemicals

ETS-8-110.01 Page 2 of 10
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and instrumentation. For potential hazard information refer to material safety data sheets, packing
material, the 3M Environmental Laboratory’s Chemical Hazard Review, the 3M Guide to Laboratory
Practices or other information as appropriate.

4.2 Cautions

The analyst must be familiar with the laboratory equipment and potential hazards including, but not
limited to, the use of biological materials, solvents, high temperatures, pressurized gas and solvent
lines, high vottage, and vacuum systems. Refer to the appropriate equrpment procedure or operator
manual for additional information and cautions. ‘ e

5 Interferences

To minimize interferences when analyzing samples, use containers and instruments parts that will not
contaminate the sample(s) or extract(s).

Co-extracted matrix components may enhance or suppress the measured analyte signal in the mass
spectrometer. These effects are minimized using an SPE technique, but the precision and accuracy of
spike results must be evaluated for possible effects of co-extracted matrix interferences that may be
present.

6 Instrumentation, Supplies, and Materials

6.1 Instrumentatlon o Co : '; V

Equipment listed below may be modified in order to optrmrze the system. Document the actual
configuration in the raw data and in the Analytical Equipment Systems documentation or other
equivalent documentation system.

Agilent HPLC 1100 system:

Pump: Quaternary Pump. Agilein®, Model G1311A; or Binary Pump, Agilent®, Mode! 1312 0r
equivaient.

Solvent Degasser, Agdent@ Model G1322A orequwalent

Autosampler, Agilent®, Model G1313A, or Thermostated Autosampler Aguent@ Model G1329Aor
equivalent.

Autosampler thermostat (used with the Thermostated Autosampler), Agilent®, Model G1330A or
equivalent.

Column Compartment (r emperature Controlled), Agnlent@ Model G1316A or equivalent. -
Diode Array Detector, (DAD) Agilent®, Model # G1315A0r equivaient

Controller, Hand Held, Agilent®, Mode! # G1323A or equivalent.

Uttima™, Tandem MS, Micromass®, or Quaﬂro Il, Tandem MS, Mcromass® or equrvalent
Capillary Pump. Waters®, Mode!l CAPLC, or equrvalent '
Capilary Autosampler, Spark-Holland, Model SPF, or equivalent.

Computer Hard Drive, Compag® AP200 or better, or equivalent.

System control/data analysis software: MassLynx™, Version 3.4 or better, or equivalent.
Other instrumentation as needed, document as appropri‘ate:

ETS-8-110.01 Page 3 of 10
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6.2 Supplies o

Tubing: PEEK, stainless steel, etc.

Fenules and other connective parts.

Autovials and caps, - -

6.3 Materials = . . o o
High purity grade nitrogen gas regulated to approximately 100 psi (or other suitabie gas system).
High purity grade collision gas, argon.

HPLC analytical columns. Co

Guard Columns. = - ' : R

Cn'mpers‘

7 Reagents and Standards. % "'’

7.1 Reagents
Methanol, HPLC grade.or equivalent. . ..~ -

ASTM Type | Water or equivalent. All water used in this method should be ASTM Type | or equivalent,
and may be provided by a Mill-Q TOC Plus System or by another system or vendor, provided there is
adequate documentation ofthe source., .. .. .. ...

¢

Ammonium Acetate, reagent grade ot eqiivalént: \Mnen preparing different amounts than those listed,
adjust accordingly.

2.0 mmol/L ammonium acetate solution. Weigh approximately 0.300 g of ammonium acetatetca2l
volumetric flask. Add water to the mark and mix.until all solids are dissolved. Store at room
temperature. ' -

Other solvents and solutions may be used as stated in the protocol or in the sample preparation
worksheet(s). Document al solvents and solutions used in the appropriate logs or media. )

) [ARPIRUTINY B TN
7.2 Calibration Standards
Typically, a minimumn of 6 standardsare’ analyzed with each group of samples.

8 Sample Handling - rcros oo e

Standards, sample extracts, and prepared samples may be stored in capped autovials, capped 15 mL
centrifuge tube, or other suitable containers Until‘4nalysis. - :

If analysis will be deldyed, standards, sample-extracts; and prepared samples may be refrigerated at
approximately 4°C until the analysis can be performed. Appropriate sample storage conditions will be
evaluated on a case-by-case basis, and will be addressed in the protocol or by the analyst in the raw
data and/or prep worksheets. SRR

b

9 Quality Control Al

The following quality control is recommended for thls method. f an approved protocol or extraction
procedure is used for the samples, any quality procedures described therein takes precedence over the
quality control in this method. For non-GLP studies without protocols or

) ETS-8-110.01 Page 4 of 10
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extraction methods, document the chosen quality control on the sample preparation worksheets and or
the final report.

9.1 Blanks

9.1.1 Solvent Blank

- Solvent blanks are not extracted. They are analyzed with each sample set to determine
contamination or carryover. The solvent used should, in some approximation, represent the
solvent used for the standard curve and/or the sample exiracts. Solvent biank area.counts ..

.should be less than 50% of the area count of the lowest calibration standard.

Solvent blanks should be analyzed prior to each calibration curve. if caryover is'a problem
consecutive solvent blanks may be necessary.. . Solvent blank area counts should be less than
50% of the area count of the lowest calibration standard prior to the injection of unknown

_ samples.

91.2 Method Blank

Method blanks are extmcted and analyzed with each group of samples, consnsthg of wateror
another commercially available solvent:;

The protocol or project lead will define the number and frequency of these samples. Method
- blanks should have area counts iess than 50% af th& area count of the lowest calibration
standard. .

9.1.3 Matrix Blank

Matrix blanks are extracted and analyzed with each group of samples. These groups would

include tissue and sera samples. Endogénous levels of target analytes containedinthe -
sample matrix are evaluated by taking an aliquot of blank (unexposed) matrix and camying lt

through the entire extraction process alongside the samples.

The protocol or project lead will define thé number and frequency of these samples. Matrix
blanks shouid have area counts less than 50% of the area count of the lowest calibration
standard. If this is not possible in cases where there are detectable levels of endogenous
target analyte present in the matrix, then the endogenous levels should be taken into account
when evalueting sample data and discussed in the rew data.,

9.2 Surrogate

A surrogate standard may be used for qualtty oontml The surrogate is used to qualmwety evaluate
the entire analytical procedure including sample preparation and analysis. The surrogate should be
spiked at the beginning of the sample preparanon and should fall within the low to mid-range ofthe’
calibration curve. .

9.3 Post-Extraction COntrol Sample

Post-extraction control samples may be prepared for each set of extracted samples (if applicable to the
study) and analyzed to determine extraction stability. The samples are prepared by adding additional
target analyte to the final extract, and after any diktion.

Post-extraction control sample duplicates may be prepared periodically to measure the precision
associated with the analysis. These samples shouid be analyzed in the same run as the unspiked
sample.

Post-extraction control sample concentrations should fall in the mid-range of the initial callbrat:on curve
or should be prepared at 1.5-5 times the endogenous concentration of the analyte. Spike
concentrations should fall in the low-range of the initial calibration curve if extremely low levels are
expected

ETS-8-110.01 Page 5 of 10
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10 Calibration and Standardization

10.1 Instrument Calibration

Analyze the standard curves prior to each set of samples. The standard curve may be plotted by linear
regnessnon(y=mx+b)orquadraticﬁt(y=a)?+bx+c)weighted1lxorunwao9hted using -
MassLynx™ or-other suitable software.- The calibration curves may include but should not be forced
through zero. The mathematical methad useéd to calculate the calibration curve should be applied
consistently throughout a study. Any change should be thoroughly documented in the raw data.

If the calbrahonu:vedoesnotmeetaeceptaneecmeﬂa perform routine maintenaneeorprepaea
new standard curve (if necessary) and réahalyze”

For purposes of accuracy when quantitating low levels of analyte, it may be necessary to use lhe low
end of the calibration curve rather than the full range. Example: when attempting to quantitate
approximately 10 ppb of analyte, generate a calibration curve consisting of the standards from 5 ppb to
100 ppb rather than the full range of the curve. (5.ppb.to 1000 ppb). This will reduce inaowracy
attributed to linear regression weighting of high concentration standards. ..

High and/or low points may be excluded from the calibration curves to provide a better fit over the linear
range appropriate to the data or because they did not.meet the.pre-determined acceptance criteria.
Low-level curve points should also be excluded if their area counts are not at least twice that of the
method blanks. Any curve point may be rejected due to a bad injection or if a possible prep efror can
be deduced by the raw data. Justification for exciusion of calibration curve points will be noted in the
raw data.

B AN (93 I v

A minimum of 6 points will be used o) oonstrucuhe Qdibrabon curve.

10.2 Internal Standard . . . i,

An intemal standard (IS) may be-used tonuanhfy the target analytes by establishing a relationship
between the ratio of analyte response t0.1S regponse and a known concentration of the analyte of
interest. The IS should be spiked at an.amount.that will fall within the mid-range of the calibration
curve. The IS should be added after: mele;maction process.and before analysus .

10.3 Continuing Calibration ‘Verification (CCV)

Continuing calibration verifications (CCV) are analyzed to verrfy the continued aocuracy ofthe
calibration curve. Ve - -

Analyze a mid-range calibration stanUan:l (at amtmmum) after every temh sample, not including solvent
blanks, with a minimum of one per sarfiple set. Calibretion verification injections must be within t25%
to be considered acceptable. The calibration curve and the last passing CCV will then bracket
acceptable samples. Multiple CCV levels may be used. The CCVs used should be documented inthe
raw data,

R S S

11 Procedures ° R

For instrument set-up, refer to the manual that pertains to the specific instrument. Actual parameters
will be recorded on the instrument pfintouts. The procedures that follow are from Micromass®
instruments using MassLynx™. Conditions may be adjusted, provided adequate QC is used.

ETS-8-110.01 Page 6 of 10
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11.1 Tune Page

The Tune Page controls many of the MS systern parameters. Open ﬁp the Tune Page and review the
parameters, change if necessary. Selected parameters and their recommended initial settings are as
follows:

Tune Page Initial Conditions: _
r=tt ne Ve Set
Capillary 2 LM Res1. . 15
Cone 20 HM Res 1 15
' Source Biock | !

~Ton Energy (lenergy)
Temp 1014 2

Desolvation Temp [ 250 LM Resz o %
Analyzer Setng HM Res 2 14
Mutpier ~ [eso | onEneray(lenergy) |,

Ensure that the instrument i§ operating and that the ébproprigte gases are on.
11.2 Inlet Editor

The Inlet Editor contains all of the parameters for the LC. Open the Inlet Editor, use the existing
method or foad a different method. Review the parameters and change if necessary. Selected
parameters and their recommended initial settings are as follows: -

L.C Pump Initial Conditions:

Settirg

Solvent A 90
-SolventBi BN I |+ BN B
Flow Rate (mL/min) -{ 0.300 -
Stop Time (ming) {10
Max Pressure (bar) 400
Oven Temp Left °C) | 30

Oven Temp Right
(C)

30 .

Gradient Initial Conditions:

0.00 10%

7,00 0%
5.50 95%
7.50 95%
800 | 10%

p- 89
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Autosampler Initial Conditions:

'{ Draw Speed "~ 12000
Eject Speed (uLmin) | 200

. Draw Posiﬁon (mm) 0.00
Stop TIme (mins) 10.00
Injection. Volgme {uL).- | 10.0

p- 90

*4 days from 00T

It is recommended, for consistency. that the aqueous solution is in Pump A and the organic solvent is

always in Pump B. _

Save the method with an appropriate meth_qd name.

Check the solvent levels In the reservoirs and refl I necessary.
Load the method and tum on thg solvent flow. .

11.3 Function list editor R

Create a MS acquisition method appropriate for the data needed. See the Micromass® MassLynx™
"Guide To Data Acquisition” for addmona} jnformation, Selected parameters and their recommended
initial settings follow. lon informationis not listed due to the numerous possible ions of mterest and their

daughter ions.

MS Initial Conditions: TS .
Solvent Delay 0.00
Mode.,.. ESP-
tnterchanqet Delay
(Secs) | 0.07
Span (Déltons) 7 0.00
Start Time (Mlns) 0.00
EndTumé‘(NFns) *_ 1100
RM L

3
v

12 Data Analysis and Calculations

Calculations (including, but not limited to)
Calculate matrix spike percent recoveries using the follovmg equation:

Observed Re sult — Background Re sult
Expected Result

Calculate percent difference using the following equation:

% Recovery = *100

Calculated Concentration — Expected Concentration
Expected Concentration

%Difference = *100

ETS-8-110.01
Analysis of Fluorochemicais in Extracts Using LC/MSMS
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13 Method Performance

Criteria listed in a protocol will supercede this method. Document any changes”fro'm the method in the
protocol, raw data and/or the report.

If criteria listed in this method performance section are not met, maintenance may be performed on the
system and samples reanalyzed or other actions as determined by the analyst Document all actions in
the raw data.

If data is to be reported when performance criteria have not been met, the data must be footnoted on
tables and discussed in the text of the report. .

13.1 System Suitabllity

A minimum of three system suitability samples will be lnjecied at the begnnlng ‘of éach analytical run.
Typically these samples are run prior to the calibration curve. The system suitability injections must
have area counts with an RSD of 6% and a retention time RSD of 52%.

13.2 Quantitation

The coefficient of determination () value for the calibration curve must be greater than or equal to
0.990. Each point in the curve must be within $25% of the theoretical concentration with the exception
of the LLOQ, which may be within 130%.

13.3 Lower Limit of Quantitation

The Lower Limit of Quantitation (LLOQ) is analyte and matrix specific. For most analytes, the LLOQ
concentration is selected as the lowest acceptable non-zero standard in the calibration curve.

Solvent, matrix and method blank area counts must be < % that of the lowest standard used in the
calibration curve. This is not always possible for matrix blanks, where there may be detectable levels of
target analytes. The endogenous levels, if any should be taken into account when evaluating sample
data and discussed in the raw data.

14 Poliution Prevention and Waste Management

Sample extract waste and flammable solvent is disposed in high BTU containers, and glass pipette
waste is disposed in broken glass containers located in the laboratory,

15 Records

Record dats per the laboratory’s standard operating procedures.

16 Attachments

None.

17 References

ETS-8-024, “Operation and Maintenance of Micromass® Triple Quadrupole Mass Spectrometers fitted
with Atmospheric Pressure lonization Source”.
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18 Affected Documents

None.

19 Revisions

Revision =~ o ' - o

Number Summary of Changes

1 Updated to the new format. Changed the title to allow for more types of matrices to

be tested. Revised the method to include the new requwements of the. new format
Rempved or modlﬂed the deﬁn;tlons in Sectuon 3.

-

[
i, l Moot
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1 Scope and Application

This method describes the extraction of target analytes from water matrices using solid phase
extraction (SPE) followed by separation, identification, and quantitation using high-performance
liquid chromatography mass spectrometry (HPLC/MS) or tandem mass spectrometry
(HPLC/MS/MS). This method has been validated for perfluorooctane sulfonate (PFOS),
perfluorooctane sulfonylamide (FOSA), and perfluorooctanoate (PFOA) in groundwater, surface
water, and drinking water. samples. This method is considered a performance-based method
and may be.applied to the determination of other perfluorinated acids, aicohols, amides, and
sulfonates in similar matrices, as lang as the defined QC elements are satisfied and with the
understanding that the method Is not validated for compounds outside the scope of the original

This method is based in part on the 3M Environmental Laboratory report E01-0454, “Method of
Analysis for the Determination of Pedfiuorooctane sulfonate (PFOS), Perfluorooctane
sulfonylamide (PFOSA), and Perfluorooctanoate (POAA) in Water”, as developed and validated
by Exygen Research (formerly Centre Anglytical Laboratories, Inc.). This method was originally
validated using a 40 mL sample aliquot for extraction and a final eiution volume of 5 mL. These
volumes may be changed on a per project basis to meet the data quality objectives set forth by
the project lead. Acceptable recoveries of laboratory quality control samples will demonstrate that
the extraction and elution volumes do not impact the validity of the method.

Sample collection is not covered under this analytical procedure.

2 Method Summary

Water samples are collected from a site of interest and shipped to the analytical faciity.
Perfluorinated acids, alcohols, amides, and sulfonates are extracted from aliquots of the water
samples using solid phase extraction (SPE) cartridges. The compounds are eluted from the SPE
cartridge, using methanol. Separation, identification, and measurement are accomplished by
high-performance liquid chromatography/ tandem mass spectrometry (HPLC/MS/MS) analysis.
High-performance liquid chromatography/mass spectrometry (HPLC/MS) may be used if the
defined QC elements are satisfied and meets the data quality objectives outiined in the general
project outiine for the given project.

The concentration of each identified component is measured by comparing the MS response of
the quantitation ion (or summed total of muitiple ions) produced by that compound to the MS
response of the quantitation ion (or summed total of muttiple ions) produced by the same
compound in an extracted calibration standard (extermal standard).

3 Definitions

3.1 SPE cartridge

A column containing an open solvent reservoir, retaining frit, sorbent bed, retaining frit, and luer
tip. The sorbent bed is bonded silica which Is designed to selectively retain or elute the
compounds of interest depending on the solvent conditions. The compounds of interest can be
separated from the water matrices and introduced into an appropriate solvent for analysis.

3.2 Analytical Sample
A portion of an extracted laboratory sample prepared for analysis.
' " ETSB1543 Page 2 of 20
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3.3 Calibration Standard

An aqueous solution prepared by spiking a known volurne of the Working Standard (WS) infoa
predetermined amount of ASTM type | water, HPLC grade reagent water, or other suitable water
(i.e. matrix water), and extracting the solution according to this method. - The calibration standard
squtions are used to calibrate the mstrument response with respect to analyhe concentration ’

3.4 Laboratory Dupllcate Sample (LDS)

A laboratory duplroate sample isa separate aliquot of a sample, taken i inthe analyhoal Iaboratory
that is extracted and analyzed Separately with identical procedures. Analysis of LDSs compared
to that of the first aliquot give @ measure of the precision associated with Iaboratory procedures
but not with sample coliection, preservation, or storage procedures.

3.5 Field Blank (FB)/Trip Blank

ASTM Type | water, HPLC grade reagent water, or other suitable water, is plamd in a sampla
container in the laboratory and treated as a sample in all respects, including exposure to sampling
site conditions, storage, preservation and all analytical procedures. The purpose of the FBis to
determine if test substances or other interferences are present in the field envrronmem This
sample is also: referred to as aTrpBlank. -~ - :

3.6 Field Duplioate Sample (FDS)

A sample collected in duplicate at the same time from the same location as the sample. The FDS
is placed under identical circumstances and treated exactly the same throughout field and .
laboratory procedures. Analysis of the FDS compared to that of the first sample gives a measure
of the precision associated with sample collection, preservation and storage, as well as with
laboratory procedures.

3.7 Field Matrix Spike (FMS)

A sample to which knowr quantities of the target analytes are added to the sampie bottle in the

- field or in the laboratory before the botties are sent to the field. A known, specific volume of
sample must be added to the sampie container without rinsing. This may be accomplished by
making a “fill to this level” line on the outside of the sample container. The FMS should be spiked
at approximately 0.5-10 times the expected analyte concentration in the sample. If the expected
range of analyte concentrations is unknown, multiple spikes at varying levels may be prepared to
increase the likelihood that a spike at an appropnate level is made. Typically a low and a high

" spike are prepared for each sampling location. The FMS is analyzed to ascertain if matrix effeots
or sample hoiding time contributes bias to the anaiytrcal results.

3.8 Field Spike Control Sample (FSCS)IT rlp Biank Matrix Spike

An aliquot of ASTM Type | water (HPLC grade reagent water or other suitable water may used) to
which known quantities of the target analytes are added in the field at the time of sample
collection (at an appropriate concentration to be determined by the project lead) or in the
laboratory prior to the shipment of the collection botties. The FSCS is extracted and analyzed
exactly like a sample to determine whether a loss of analyte could be attributed to holding time,
sample storage and/or shipment issues. A tow and high FSCS may be appropriate when
expected sample oonoentrations are not known.: This sample may azso be referred to as Trip
Blank Matrix Spike.

3.9 Laboratory Control Samole (Lcs)

An aliquot of ASTM Type | water (HPLC grade reagent water or other suitable water may used) to
which known quantities of the target analytes are added in the laboratory at the time of sample
extraction. At least two levels are included, one generally at the low end of the calibration curve
ETS-8-154.3 Page 3 of 20
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and one near the mid to upper range of the curve. The LCSs are extracted and analyzed exactly
like a laboratory sample to determine whetherthe method is in control. LCSs should be prepared
each day ‘samples are extracted. . ,

310 Laboratory Matrlx Spike (LMS)

A laboratory matrix spike is an aliquot of a sample to which known quantiies of target analytes are
added in the laboratory. The LMS is extracted and analyzed exactly like a laboratory sample to
determine.whether the sample matrix contributes bias to the analytical results. The endogenous
ooncenlratlons o the analytes.in the sah\ple matrix must be determined in a separafe aﬁquot and

. thie measured values in the LMS ooneomed for tﬁeso concentrations.

3.11 Laboratory Sample
A portion or aliquot of a sample received from the field for testing. -

3.12 . Limit 6f Quantitation (LQQ) .

: The lower linit: afquantnauon (LLOQ) for a dataset |sthe jowest oonoenu-atlon that can be, reuabry
quarmatad within the specified limits.of precision-and accuracy during routine operating ;
conditions. To simplify data reporting, the LLOQ Is generally selected as the lowest non-zero
standard in the calibration curve that meets method cmena Sample LLOQs are matrix-
dependent.

* The upper limit of quatitation (ULOQ)for a dataset is the highest concentration that can be reliably
quantitatied within the specified limits of precision and accuracy during routine operating
conditions. The highest standard in the oaltbmhon ‘curve that meets method criteria is defined as
the ULOQ. STV G

3.13 Method Blank

An aliquot of ASTM Type | water (HPLC grade reagent water or other suitable water may used)
that is treated exactly like a laboratory ‘sample including exposure to all glassware, equipment,
solvents, and reagents that are tised with other [aboratory samples The method blank is used to
determine if test substances or other‘imetfermoes are present in the laboratory environment, the
reagents, ortheapparatus SE

NN, oj } 05

3.14 Sample L e ‘\.;:'"’

A sample is a small porhon oor(ected fror"’n a iar'ger quanuty of material intended to represent the
original source material. .

3.15 Stock Standard SQIutIon (SSS)

A concentrated solution of a smgle ana!ytempatod inthe laboratory wnh an assayed referenoe
compound. . )

—:5{~

')":'."-i .‘3 :

3.16 Surrogate

-A compound similar to the target analyte(s) irrohemioal oomposaﬁon and behawor that is not
normally found in the sample(s). A-surmogate compound is typically a target analyte with at least
one atom containing an isotopically labeled substitution. If used, surrogate(s) are added to all
samples and quality control samples (except solvent blanks and half of the prepared method
blanks). Surrogate(s) are added to quantitatively evaluate the entire analytical procedure
including sample collection, extraction, and analysis. Inclusion of a surrogate analyte is an
optional quality control measure and.is NOT required. The project lead should indicate in the
general project outlinelprotoool whether or not a surrogate compound will be part of the analysis.
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3.17 Working Standard (WS)

4

A solution of several analytes prepared in the laboratory from SSSs and diluted as needed to
prepare calibration standards and other required analyte solutions.

Warnings and Cautions

41

Health and Safety

The acute and chronic toxicity of the standards for this method have not been precisely - -
determined; however, each should be treated as a potential health hazard. .

Unknown samples may contain high concentrations of volatile toxic compounds. Sample
containers should be opened in a hood and handled with gloves to prevent exposure.

The laboratory is responsible for maimalnlng a safe wom environment and a current awareness of
local regulations regarding the handiing of the chémicals used in this method. A reference file of
material safety data sheets (MSDS) should be avallable to all personnel invoived in lhese

analyses.

4.2 Cautions

The analyst must be familiar with the laboratory equipment and potential hazards including, but
not limited too, the use of solvents, pressurized gas and soivent lines, high voltage, and vacuum
systems. Refer to the appropriate equipment prooedure or operator manual for additional
information and cautions.

Interferences

During extraction and analysis, be aware of potentnal oontammam soufces from reagents and
solidphaseextracﬂondewces Coas

All materials used in the analyses shall be demonstrated to b free from interferences under
conditions of analysis by running method blanks.

Parts and supplies that contain Teflon® should be avoided or minimized due to the possibility of
interference and/or contamination. These may include, but are not Ilmtted to: wash botties,
Teflon® lined caps, autovial caps, HPLC parts, ec. e

The use of disposable micropipettes or pipettes to aliquot standard soluﬁons is recommended to

- make calibration standards and matrix.epikes. . - -

Instrumentation, Supplies, and Materials

6.1

Note: Brand names, suppliers, and part numbers are for illustrative purposes only. Equivalent
performance may be achieved using apparatus and materials other than those specified here.
Demonstration of equivalent performance (quality control samples meeting method acceptance
criteria) is the responsibility of the laboratory performmg the analy&s

Instrumentation . L

Balance, analytical (display at least 0.0001g), Mettier |

HPLC/MSMS or HPLC/MS system, as described in Section 10.

6.2 Supplies and Materials.
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Sample coflection botties—LDPE (e.g., Nalgene™) narrow-mouth bottles with screw cap. Note:
Do not.use Teflon botties or Teflon lined capc

Coolers or boxes for sample shipment. .

AutoTrace automated SPE workstation, Caliper Life Sciences. A manual SPE manifold with
vacuum pump may be used if desired. Suppiies for the manual SPE manlfnld are included
below.) '

Vacuum pump, Blchi.

Visiprep vacuum manifoid, Supelco. :

15mL disposable polypropylene centrifuge mbes W\R.
50mL cllsposabie potypropylene centnfuge tubes, VWR

Sep Pak Vac [ (19) tC18 cemidges (pan # WAT 038795), Weters. (Canndges with other
amount or types of sorbent material may be used  depending on the data  quality objectives of the
project) ',

15mL dlsposable culture tubes (17 x 100 mm), VAR (Cat. No. 60818-626)

Disposable micropipettes (50-100uL, 100-200uL), Drummond.

Class A pipettes and volumetric flasks, various.

LDPE namow-mouth bottles, Nalgene (volumes rhay vary dependmg on analytucel needs)
2 mb clear HPLC vial kit (cat# 51 81 -3400) AgllerWHewlett Packard. -

Standard lab equipment (graduated cylinders, disposable tubes, etc.), various.

’Reagents and Standards o

71

7. 2 Standards R

Note: Supphers and caialog numbers are for 'uusb'atwe purposes only Equwalent perfo:mance
may be achieved using chemicals.obtained from other suppliers. Do not use a lesser grade of
chemical than those listed. - o A

Chemicals : T e

Methanol (MeOH), HPLC grade, .n“ Baker, Catalog No. JT9093-2. ,

Ammonium Acetate, Reagent gradg Sigma-Alawh Cata!og No. A-—7330

ASTM Type | Water, prepared in-house (HPLC grade reagent water or other sunablewater may
also be used)

Sodium Thiosuifate, Reagent grade, JT'Baker.!: * ; oo’

A

PFBA, Heptaﬂuorobutync Acld (04 Perﬂuonnated Acid)

NFPA, Nonaﬂuompentanonc Aad (Cs Pen\uonnated Acid)
PFHA, Perfluorohexanoic Acid (Ce Perfluorinated Acid)

TDHA, Tridecafluoroheptanoic Acid, (C; Perfiuorinated Acid)
PFOA, Ammonium perflucrooctanoate, (Cs Perfilucrinated Acid)
Cs Acid, Heptadecafiuorononanoic Acid ’
PFDA, Nonadecafluorodecanoic Acid (Cqo Perfluorinated Acid)
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C11 Acid, Perfluoroundecanoic Acid

C12 Acid, Perfluorododecancic Acid

FBSA, Perfiuorobuitanesulfonamide

FOSA, Perﬂuorboctanesulfonylamide

PFBS, Potassium Perfiuorobutanesuifonate

PFHS, Perflucrohexanesulfonate

PFQOS, Potassium pemuorooctanesulfonate L
THPFOS, 1H, 1H; 2H, 2H-perfiuorooctanesulfonic Acid. ©
THPFDS, IH, IH, 2H, 2H-perfluorodecanesulfonic Acid _ N
PFOA [1,2-°C), C isotopically labeled perfiuorooctanoic acid, Perkin Eimer
PFOS [03), ®0, it isotopically labeled Ammonlum Perﬂuoroocatanesufonate '
Others as requwed

PIRTN

7.3 Reagent Preparation

250 mg/mL sodium thlosulfate solutlon Dussolve 259 of sodium thiosulfate in 100 mL reagent
water.

2 mM ammonium acetate solution (Analysis)-—Weigh 03gof ammonium acetate and dissolve in
2.0 L of reagent water. .

Note: Alternative volumes may be prepared as long as the ratios of the solvent to solute ratios are
maintained.

7.4 Stock Standard Solution (SSS) and Working Standard Solutlon
Preparation

The foliowing standard preparation procedure serves as an example. Weighed amounts and final
volumes may be changed to suit the needs of a particular study. For example, uL volumes may
be spiked into volumetnc flasks when dlluhng stock solubons to appmpnate levels,

100 pg/mL target analyte SSSs—Weigh out 10 mg of ana»yuoai standard (corrected for
percent salt and purity) and dilute to 100mL with methanol or other sitable solvent, in a 100mL
volumetric flask. Transfer toa 125mL LDPE bottle or othér suitable container. Prepare a
separate solution for each analyte. Expiration dates and storage conditions of stock solutions
should be assigned in accordance with laboratory standard opefating procedure. An example of
purity and salt correction is given below for PFOS.

molecular weight of anion
moclecuiar wefght of salt:

PFOS (K* )salt correctlon factor = ?;9;_:' = 0.9275

salt correction factor =

10 mg CgF 7SO0y K" with purity 80% = 8. 35mg CaFwSO; (10 mg"O 90*0 9275=8 35mg)

1 pg/mL (1000 ng/mL) mixed worklng standand—-Add 1 OmL each of the 100ug/mL SSSsto a
100mL volumetric flask and bring up to volume with solvent. ‘

0.1 pg/mL (100 ng/mL) mixed working standard—Add 10.0mL of the 1.0pg/mL-mixed working
standard solution to a 100mL volumetric fiask and bring up to volume with solvent.
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0.01 pg/mL (10 ng/mL) mixed standard—Add 10.0mL of the 0.1ug/mL-mixed womngstandard
golution to a 100mL volumetric flask and bring up to volume with solvent.

Storage Conditions—Store all SSSs and working standards in accordance with laboratory
standard operating procedure or in a refrigerator at 4°2°C for a maximum penod of 6 months
from the date of preparation.

7.5 Calibration Standards

Using the working standards described above, pmpare calibration solutions in ASTM Type |
water, or other suitable water, using the following tzble as a guideline. Note: Volumes of water
and working standards may be adjusted to meet the data quality objectives addressed in the
general project ouUine Calibraﬁon Ievels other than those listed bekwv can be prepared as

needed.
Concentration Volume of WS, Final Yolume of Final Concentration of
of WS, ng/mL L Calibration Standard (mL | Calibration Standerd, ng/mL
of ASTM Type | Water, or | (ppb) in ASTM Type ! Water,
other suitable water) or other suitable water
100 10 40 ' 0.025
100 20 40 ~0.080
100 40 40 0.100
100 100 40 0.250
1000 20 40 0.500
1000 40 40 1.00
1000 100 o 2.50
10000 20 40 5.00
10000 40 40 100
10000 100 40, 250

The calibration standards are proeassed through the enhre extracbon prooedure (Sect:on 1),
identical to the laboratory samples. The concentration of the calibration standard in the final
extract depends on the volume éxtracted and the final elution volume.

Final sample oonoantratlon factor Vo!ume exu'acted {mL)/Elution Volume (mL)

Storage Conditions— Store all éxtracted calibration standards in 15mL polypropylene tubes or in
labeled autovials at 4°£2°C. ‘After ahalysis; archive all extracted standards with the sample
extracts in aocordanca with laboratory standard operating procedures.

8 Sample Collection Bott!e Preparatlon

For most projects, sample coliection botties are prepared by 3M Environmental Laboratory -
personnel before they are shipped to the collection site. Typically, four separate coliection bottles
are associated with a single collection site; sample, field duplicate sample, low field matrix spike,
and high field matrix spike. Depending on the scope of the pro;ect additional replicates of the
field sample and field matrix spikes may be added. Also, it is not uncommon for additional mid-
level field matrix spikes ta be collectad if the expected sample concentretions are truly unknown or
could span a large concentration range.

Low-density polyethylene (LDPE) wide-mouth Nalgene bottles are used for the sample collection
containers. (Volumes of the botties may vary depending on how much sample is required to meet
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data quality objectives.) The interiors of the Naigene bottles may be rinsed muttiple times with
acetone and methanol and allowed to dry before adding the appropriate spikes. Note: rinsing of
the bottles is optional and is not required. The project lead will communicate what the final -
collection volume will be and a comresponding “fill to here” line is drawn on the exterior of the bottle
using a permanent marker. Typically, placement of the “fill to here” line is done by using a marker
template. Altematively, bottles with pre-marked volume indicators may be purchased. -

For the sampie bottles designated for matrix spikes, an appropriate volume of matrix spikmg
solution is added to the empty bottle. The volume of spike solution added should produce the
desired final concentration of target anatytes once the bottie is filled with sample to the *fill to here
line®. (If a surrogate is included for the project, the surrogate compound should also be added to
the matrix spikes). The matrix spiking soiution shouid be prepared in a suitable solvent and
contains all of the target (and surrogate if applicable) analytes, however, multiple spike soiutions
may be used if an appropriate mixed component standard is not available. The matrix spiking
solution is often the same as the working '\andards used to create the cabbratlon standards An
example of a bottle spike is given below. .

“Fill to here” volume = 450 mL (A 500 mL Naigene bottle is used)
Desired Field Spike Concentration = 0.1 ng/mL

450l of a 1 ug/mL spiking solution (contammg the target analytes) is added to the bottle and the
bottle cap promptly sealed

if analysis of a surrogate analyte is included in the project objectives, the preparatory analyst
should also add an appropriate volume of surrogate standard solution to all the botties designated
as samples or field duplicate samples

All bottles should be clearly labeled to mdlcate its intended use as a samplelﬁeld sampie
duplicate, low spike, or high spike. If each location has different designated spike levels, the label
should also clearly indicate the sample location designation. Generally, a set of botties for agiven
collection site are then grouped together in plastic bags for organizational purposes..

For each collection event, at least one set cf trip blank and trip blank matrix spikes are prepared.
The number of trip blank sets required for a given project will be communicated by the project
lead. For the trip blank, the sumogate spike is added to the bottle (if included) and then ASTM
Type | water (HPLC grade reagent water or other suitable water may used) is added to the “fill to
here" line. The bottle cap is replaced and tape may be placed around the outer edge of the cap.
Trip blank matrix spikes are prepared by adding the appropriate volume of matrix spiking solution,
filing the bottle to the desired volume with the appmpnate water and replacing and sealing the
cap.

The preparatory anatyst should document bottle pfeparaﬁon in a Note to File or on a sample
preparation worksheet. The Note to File should inciude the following information: date prepared,
total number of bottles prepared, number of sample sites, the standard identification numbers and
spike volumes used to prepare spiked bottles, the “fill 1o hers” volume, and any other pertinent
information needed for reconsiructibility of the data.. The Note to File will be included in the final
data package for the project.
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9 Quality COntrol and Data Quality Objectlves L

Analyticelmsul&ofme FB, FMS LMS D, and FSCS shouldbeevahatedatmewmdmnonof
mesmdytohelph(ctpretthequautyofsamp[edah Analyhcalresultsforﬂmeoomro!lduplicate
samples mustbereﬁoﬂedwiththesample data

s ol e 7 A

9.1 30lventBlanks SRR N

Sclvent blanks are analyzed wiheach sample set {0 determine contamiriation or carryover. In
general, Solvent blanksshq.:ld pave area counts that are less than 50% of the aréé count of the
|owestcalibraﬁm standard, ..

Solveérit blanks shauid be analyzed prior w'and follcmmg each cahbrabon cuwe each set of
system suitability samples, and-after no more than 10 unknown sample extracts. Ifinstrument
carryover is a problem, consecutive solvent blanks may be necessary.-In this case; the area
counts of the solvent blanks should retum to <50%oftbre Iqwestcahbrabon standard prior to the
injection of further standards or samples.”

9.2 Method Blanks b e

A method blank consists of an aliquot ofASTM Type 1 water (HPLC grade reagent water or other
suitable water may be used) equal in volump to the samples, and extracted in the same manner
as the samples, ‘At least five méthod blanks sticuld be prepared and analyzed each day that
extractions are performed for a particular study=of project.‘Method bianks must be interspersed
throughout the extraction batch and analyzed interspersed throughout the analytical sequence.

The average area counts for gich analyte miist beTeds than 50% of the area count of the LOQ
standard. The standard deviation of the afea counts shiould be calculated. A specific %RSD
acceptance criteria is not specified butis ‘assessed oy a batch basis. If the mean area counts of
the method blank exceed 50% of the LOG stahdatd, then the LOQ must be raised to the first
standard level in the.curve that meets criteria. . Method bianks may be eliminated if technical
justification can be provided (e.g. memthodb!ad;wasanalyzedaﬂeranunexpectedlymghleve!
sample). If any method blarks areremoved fmmtheLOQ detenmnat:on document in the raw
dataandteportasappmpnate g .-‘.’r-==< LMLy

JOARTR ret oy

9.3 Laboratory Sample Raplicateal Flald Dupllcate Sample

on the scope of the projéict, dif of Selected samples may‘be extracied atleastin -
duplicate, and in triplicate if difficulties were encountered in the sampling and/or holding conditions
of the samples. If field sample:replicates:are collected, duplicate and triplicate extractions of an
individual sample may not be required: < The relative-percent difference (RPD) of mpllcate -,
samples or refative standard dewviation (RSD) should be less than 20% for the precision of sample
preparation and analysis to:be congidesad in control.:Replicate samples not meeting the 20%
method criteria will be reviewed and evaluated on a-case by case basis. . ;

9.4 Laboratory Matrix Spikes (LMSs)

LMSs are performed if FMSs have previously been performed for the sample matrix.
Alternatively, LMSs are performed for a sample matrix if the FMS levels were not appropriate for
determining spike recoveries relative to endogenous levels. Generally, each sample location
represents a different sample and sample matrix. LMSs are prepared for each sample and
analyzed to determine the matrix effect on spike recovery efficiency of each target analyte. Lab
matrix spike recoveries should fall within £+ 30% of expected values.

LMS concentrations should be prepared at approximately 0.5-10 times the endogenous
concentration or approximately 4-10 times the LOQ concentration of each analyte.
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9.5 Laboratory Control Spike (LCS)

Lab control spikes are prepared for each extraction batch to detetmme method aceuracy and
precision. LCSs shoukd be prepared at a minimum of two levels and in triplicate.. Low lab control
spikes should be prepared at.a concentration in the range of approximately four to ten times
higher than the targeted LOQ and the high lab control spikes should be prepared ata,
concentration near the mid-point of the calibration curve. For each target analyte, the peroent
relative standard deviation (method precision) of the pocled control spikes must be less than or
equal to 20% and the average recovery (method accuracy) must be 80-120%. Sampie data for
target analytes outside of the laboratory control spike acceptance criteria are not repqnaue

9.6 Field Matrix Spikes (FMSs)

FMSs are prepared for each sample and analyzed to determine the matrix effect and sample
holding time on spike recovery efficiency of each target analyte. Generally, each samiple location
represents a different sample and sample matrix,

FMS samples are a sample to which known quantlties of the target analytes are added to the
sample bottie in the field or in the laboratory before the botties are sent to the field. Typically a low
and a high FMS are prapared for each sampling location. The ratio of endogenous analyte to field
spike concentration that is appropriate to assess accuracy is defined as approximately 0.5 to 10
times the expected sample concentratiori::For example, if the endogenous level of anaiyte in the
sample is expected to be 1.0 ng/mL., the appropriate range for FMS used to assess accuracy of
results would be approximately 0.5 ng/mL to 10 ng/mL. For samples that are expected to have
endogenous analytes present at or below the targeted LOQ, the appropriate range for FMS would
be approximately 4 to 10 times the LOQ concentration. For example, if the analyte LOQ is 0.025
ng/mL, the appropriate range for low level FMS would be 0.1 ng/mL to 0.25 ng/mL. If the
expected range of analyte concentrations is unknown, multiple spikes at varying levels may be
prepared to increase the likelihood that a spike at an appropriate level is made.

Field matrix spike method acceptance criteria are recoveries within £30% of the expected value.
 If FMS recovery is outside of +30% of the expected value or could not be assessed because the
' FMS was spiked at an inappropriate level, e sample result is ‘reported as NR, where NR is

defined as “Not Reportable”. For data reponabnmy a sampie¢ may be re-extracted and re-

analyzed or an altemate analytical method may be applied to the sample. Altematively,
resampling and reanalysis of a new sample may be completed. If re-extraction, resampling, and
re-analysis fail to meet the FMS acceptance criteria, the sample result will be reported as “NR"

(not reported due to noncompliant QC results).

Exceptions to the +30% FMS acceptance criteria for data reportability are as fol!ows

1.) If FMS recovery could not be assessed because FMS's were at an inappropriate level, then
Laboratory Matrix Spikes (LMS) may be substituted. if LMS recoveries are within £30% the data
are reportable but flagged as not meeting the FMS method acceptance criteria.

2.) K muttiple FMS's were prepared on a sample and the closest FMS level to the reported
sample meets the +30% acceptance criteria but additional FMS's are outside the £+30%
acceptance range, the data are reportable but lagged with an expanded uncertainty and as not
meeting FMS method acceptance criteria.

3) If the FMS recoveries are outside of the +30% acceptance range but at least 20 acceptable
historical reportable FMS sample resufts are available, the data may be reported but flagged with
an expanded uncertainty and as not meeting FMS criteria.

10 Calibration and Standardization
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Instrument Setup

Note: In this example, an Applied Blosystems Sciex AP 4000 Tandem Mass Spectrometer
{LC/MS/MS) is used. Other-brands of LC/MS/MSs as well as single quadrupole mass
spectrometers (LC/MS) may be Used as long as the method criteria are met. Brand names,
suppliers, part numbers, and modeis are for llustrative purposes only. Equivalent performance
* may be achieved using epparatus and materials other than those specified here, but -

' demonstration of equivalent performance that meets the requirements of this method is the
responsibmty of the Iaboratow The opemtor must optimize and documem the eqmpment and
settings used.

Establish the LC/MS/MS system and operating conditions equivalent to the following:
Mass Spec: Applied Biosystems AP 4000 "
{on Source: Turbo lon Spray (ABS) .-

Mode: Electrospray Negative '~ ¢
Scan Type: MRM (Multiple Reaction Monltonng)
Harvard infusion pump (Harvard Insiruments), foctuning T
Computer: Dell OHM AR van
Software: WIndowsi’OOOorV\ﬁndowsXP Analyst141 S
HPLC: AgllentSeriesﬂoo I
Agient Quatemary Pump . 1.
Agilent Vacuum Degasser s L
Agllent Autosampler - .
AgiIenIColumn0ven T

Note: One or more C18 HPLC al‘\dyticaloolumns (2.1 mm x 100 mm, S5um or 2.1 mm x 50 mm,
5um) may be attached on-iine after the purge vaive and before the sampie injection port to retard
and separate any tesidue oontammanns thatmay be ln the mobile phase and/or HPLC system.

HPLC Colimn: Betasi c18, 2 1mm x‘lot)mm 5um (‘IhermoEtectron Corporatlon)
Column Temperature: 35°C -, , P

Injection Volume: 5L oo L

Mobile Phase (A): 2mM Ammomum Atetatein ASTM Type | water (See 7.3) -
Mobi!ePhase(B) Methanoi IR P B

RE LN Tt e
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Liquid Chromatography Gradient Program,

if ereant, for

Step Total Time Flow Rate  PercentA |  Percent8
Number {min) (pl/min) (2 mM ammonium acetats) te) {Methano)

0 0 300 800 - | 220 . |

1. 19 300 - 800 200

2 145 - 300 100 200

3 155 300 0.0 900 -

4 185 300 800 - 200

5 ,‘20.0 300 _ 800 - '25.9

Note: Other HPLC gradients may be used as long as the method criteria and prqect data qualtty

objectives are met.

It may be necessary to adjust the HPLC gradignt in order to optimlze instrument perl‘onnance
Columns with different dimensions (e.g. 2.1mm x 30mm) and columns from different
manufacturers (Keystone, Betasil C18 efc.) may be used. ‘ .

‘Mass Transitions Monitored. .
Analyte Mass Transition Mass Transition Declustering
Q1 famu) Q3 (amu) FPotential
PFBA (C, Acid) 2130 | 169.0 -30
NFPA (Cs Acid) 2620 _ 2190 30
PFHA (Cy Acid) 3130 2687, 1189 45
TDHA (C; Acid) 3629 _318.7, 1688, 1189 35
PFOA (Cy Acid) 4130 368.9, 219.0. 169.0 45
Cs Add 4630 4187, 1689, 2189 45
| CoAcd 512.9 468.8, 218.9, 260.1 35
Cuy Acid 5630 518.7, 2689, 2188 48
| CAcid 8130 568.7, 168.9, 318.7 -50
FBSA 287.7 780 -55
FOSA 4979 779 80
PFBS 2089 989, 79.9 65
PFHS 3989 . 986,800 |\ C 95
PFOS 4989 800,98.8,1300 -120
“THPFOS 4260 408.8,80.9 -70
THPFDS 5289 _.508.7,81.0 -70
PFOA[12°C] 4149 3698 40
PFOS[ " 0] 503.0 __103.0,84.0 -100
ETS-8-154.3
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Muttiple transitions for monitoring the analytes is an option as summing multipie transitions may
provide quantitation of isomers that more closely mau)es NMR data and may have the added
benefit of increased analyte signal. The use of one dalghter ion is acceptable if method
sensitivity is achieved, provided that retention time criteria are met to assure adequate specificity.
While the daughter iohs may be chosen at the discretion of the analyst, mass transition 99 is
suggested for PFOS. Quantitation may be performed using the total ion chromatogram (TIC) for
a given analyte. For example, the PFOA TIC would sum all three of the monitored transitions.
Use of the suggested primary ion is recommended. Retention times may vary slightly, on-a day-
to-day basis, depending on the batch of mobile phase and the gradient, column, guard column(s)
used etc. Driftin retention times is acceptable within an analytical run, as iong as the drift
continues through the entire analysis and the standards are interspersed throughout the analytical
nun,

st

10.2 Method Acqulsition Parameters o

The following values are provided as‘an example of method acquisition parameters for a single
period, single experiment method using thé-Sciek hstrumentation. -Actusal values may vary from
instrument to instrument. Also, these values may be changed from'time to time in order to
optimize for greatest sensitivity. Ifa mutbple penod is used, eaoh penod may have different gas,
temperature, and ion spray voltages Y P

)

Curtain Gas (CUR) . T 1504_1

t

Colision Gas (CAD) : S0 legn
|_lonSpray Voltage (IS) Dl ] AS00
Temperature (TEM) ) ST ] 4500
| Gas 1 (Nebuizer) GS1 SRR - - I
Ges 2 (Turbo Gas) GS2 C ot les0
|_interface Heater (ihe) o lon

Entrance Potential (EP) e 1710

10.3 Callbratlon CUNe

Analyze the standard curve prior o each set of samples.” The validated method specifies that the
standard curve should be plotted using & linwar fit, weighted 1/x or unweighted. However, the
standard curve mayalsobeumedbyqqamm(y-aﬁwxw) weighted 1/x or unweighted,
using suitable software. The calibration curves may-include but should not be forced through
zero. The mathematical method:used to"calculate the calibration curve should be applied
consistently throughout a study. Any chmge should be thoroughly documented in the raw data.

If the calibration curve does not meet aooeptanoe criteria, perfonn routine maintenance or prepare
a new standard curve (if necessary) and reanalyze.

For purposes of accuracy when quantitating low levels of analyte, it may be necessary to use the
low end of the calibration curve rather than the full range. For example, when attempting to
quantitate approximately 0.05 ng/mL of analyte, generate a calibration curve consisting of the
standards from 0.025 ng/mL to 10.0 ng/mL rather than the full range of the curve (0.025 ng/mL to
25.00 ng/mL). This will reduce inaccuracy atiributed to linear regression weighting of high
concentration standards.

High and/or low points may be excluded from the calibration curves to provide a better fit over the
range appropriate to the data or because they did not meet the pre-determined acceptance
criteria. Low-level curve points shoukd also be excluded if their area counts are not at least twice
that of the method-and/or solvent blanks. Any curve point may be rejected due to a bad injection

ETS-8-154.3 Page 14 of 20
Determmaﬁon of Perfluorinated Acids, Alcohols, Amides, and Sulfonates In Water By Solid
Phase Extraction and High Performance Liquid Chromatography/Mass Spectrometry

E07-0140; Interim Report#2 : Page 101 of 145
3M Cordova Groundwater - December 2009



p. 107

Dooseeot ey e eesd Do a0 Wdays from S0 T

CONFIDENTIAL

or failing to meet accuracy requirements of + 25% (and + 30% for the LLOQ) Justification for
exclusion of calibration curve points will be noted in the raw data. A minimum of 6 paints will be
used to construct the calibration curve. No more than 25% of the total exiracted calibration
standards should be excluded. This does not pertain to low and high levels that may need to be
disabled to achieve an accurate curve in the concentration range of the samples, rather, this is
intended to apply to mid curve points only. ,

10.4 Continuing Calibration Verlﬂcation (CCV)

Continuing caibration verifications (CCV) are analyzed to verify the accuracy of the calibration
curve. Analyze a mid-range calibration standard, one of the same standards used to construct
the calibration curve, at a minimum after every tenth sample, not including solvent blanks, with a
minimum of one per sample set. Calibration verification injections must be within +25% to be
considered acceptable. The calibration curve and:the last passing CCV will then bracket
acceptable samples. Muitiple CCV levels may be used.

10.5 System Suitabitity e

. A minimum of three system sutablllty sampies W|ll be injected at the begmmng of each analytical
~ run, prior to the analysis of the calibration curve: Typically these samples are at a concentration
'néar the mid-level of the calibration curve are repeated injections from one autosampler vial. ‘The
system suitability injections must have area counts with an RSD of 5% and a retention time RSD
of $2% to be compliant

11 Procedures

11.1 Extraction Schema

The following steps represent a typlcal extracbon scheme. Sample extractlon volumes and final
elution volumes may be adjusted to meet data quality objectives.

Allow samples to equilibrate to room temperature Thoroughty mix samples by gently inverting the
sampie bottle.

Measure a 40mL representative aliquot of the well-mixed sample into a 50mL polypropylene
centrifuge tubes (Spike the lab matrix spikes as required*, replace lid and mix well). Altemate
volumes may be used depending on the scope of tha project. Use a consistent sample volume
for all extractions and document on the sample prep sheet.

Add 40pL of 250 mg/mL sodium thiosulfate soiution to 40mL of sample. Adjust the amount of
sodium thiosulfate solution added if atternate sample volumes are used. Thoroughly mix sample.

Note: * Samples may need 10 be prescreened to determine an appropriate matrix spike level
(typically approximately 0.5 to 10 times the sampie concentration). Alternatively the samples
could be spiked at more than one level, allowing for the inappropriate spike levei to be eliminated.

Condition the C18 SPE cartridges (1g, 6mL) by passing approximately 10mL methanol (at a
minimum) followed by approximately. 50mL. (at a minimum) ASTM Type | water. Do not let
column run dry. If column does run dry, recondition. SPE cartridges cannot be over conditioned.

Load the analytical sample onto the C18 SPE cartridge. Once the entire sample has loaded onto
the cartridge, isolate the cartridge from the vacuum and wait until all samples on the vacuum
manifold have been loaded. Discard eluate. Open manifold valves ard pull @ vacuum on the
SPE cartridges for approximately 3 minutes to remove residual water from the SPE cartridge.

Elute with exactly 5 mL of 100% methanol. Collect eluate into graduated 15mL polypropylene
centrifuge tubes. This is the target elution fraction (final volume approximately 4.5 mL as not all of
the solvent will leave the SPE column. This will not affect the calculations in any way since the
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curve is also extracted).. Note: the efution volume may be altered to meet project needs. The
same elution volume needs to be used for all samples calibration standards, and QC samples.

»Intensperse the method blanks throughout the extradlon batch.
Transfer well-mixed allquots of the final extract to labeled autovials.

Analyzs a portion of the target elutlon fraction eluent i uslng negative electrospray HPLCMSMS or
HPLCMS.

Note: Samples are.concentrated by a factor of elght during the extraction; Inltlal Vol = 40mL >
Final Vol.= 5mL. - , ,

11.2 . Sample Analysis * o

Set up analysis §ample queue.: Method blanks must be lntetspersed thmughout the analytical

sequence.

Inject the same volume (between 5-25uL) of each standard, analylicd sample-and blank into the
instrument (unless an on-nstrument sample dilution is desired).

All sample extracts with a ooncentratlon > ‘JLOQ must be diluted and reanalyzed if dlk:tlon of the
final extract fails to produoe acceptable resulls(e g. poor MS recoveries) dilute the ongmal &ample
andre-extract. s )

AR TS

12 Data Analysis and Calculations

The chromatography analysis softwaré Will typically calculate the amount of target analyte inthe
sample extracts using the established calibration curve.

Calculate the percent recovery of the LCS using the following equation:

- LCS Concentration (-8)
LCS% recovery = —— —mL_+00%

Splke Concentrauon (_n_g_

Calculate the percent recovery of the FSCS us‘lllg‘the following equaﬁéﬂ’- '
VG- : U

R ’I(»

-

' FSC‘S@on(:enu'atlon (-—-) s
FSCS%recovery-v — —mL_«1009 .
. ,Split?. Concemtlon (—)

Lot

Calculate the percent recovery of the FMS using the following éqbatlon:

. ~ FMS Concentrw.lon (—-—) Averagc Concentration of Sample/Samplc Duplicate (—-—)
FMS % recovery = — — mL_+100%
: o _ Spike Concentration (—f:)
m
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13 Method Performance

Any method performance parameters lhat are not achieved must be considered in the evaluation
of the data. Nonconformance to any specified parameters must be described and discussed if the
project lead chooses {o report the data.

If criteria listed in this method performance section are not met, maintenance may be petformed
on the system and samples reanalyzed, or other actions taken as detetmined by tne
anatystlproject lead. Document all acuons inthe raw data.

Ifdataaretobereportedwhen perfonnanoeﬂenahavenotbeen met, thedatamustbe |
footnoted on tables and dascussed in the text of the repon k

131 System Suitability .7

A minirmum of three system suitability samples wm be m;ected at the beginning of each analyhcal
run. These samples are run prior fo the calibration curve.. The system suitability injections must
have area counts with an RSD of ss% and a retenhon time RSD of 2% to be compliant.

13.2 Quantitatlon code

Calibration Curve: The coefficient of determinaﬁon (f’) value for the calbration curve must be
greater than or equal to 0.990. Each point in the clirve must be within +25% of the theoretical
concentration with the exception of the LLOQ, wmch may be within +30%.

Demonstration of Specificity: Specificity is demonstrated by chromatographic retention time
{within 3% of standard) and the mass spectrai response of unique ions.

13.3 Sensitivity )

Solvent Blanks and Method Blanks: Solvent and method blank area counts must be < 50%
that of the lowest standard used in the calibration’curve. Sotvent blanks analyzed after high level
samples or calibration standards may have area counts greater than 50% of the lowest standard
from instrument carryover as long as subsequent solvent blanks analyzed before the next
sample/QC sample demonstrate that the instrument cavryover is decreasung back to expected
levels,

Limits of Quantitation (LOQ): The lower. LOQ (LLOQ) is the lowest non-zero active standard in
the calibration curve; the peak area of the LLOQ -must be.at least 2X that of the method blank(s).
By definition, the measured vaiue cf the LLOQ must be:within 30% of the theoretical value.

13.4 Accuracy

CCV Performance: Calibration verification injections must be within +25% to be considered -
acceptable. The calibration curve and the last passirig CCV will then bracket acceptable sampies.
Muitiple CCV levels may be used. LCS recoveries should be within $25% to be considered
acceptable and to verify that the method is in control on a given day.

Lab Control Spikes: The average recovery of the pooled LCSs for each target analyte should be
within 80-120% and the percent relative standard deviation of the recoveries must be less than or
equal to 20%.

13.5 Precision

Reproducibility: Reproducibility of the method is deﬁned by the results of duplicate or triplicate
analysis of samples. A RPD or RSD of s 20% will be considered aoceptable for replicate lab
control spikes. Because field sample duplicates account for variabifity in sample location (as well
as vaﬂabtllty in the extraction procedure), RPD or RSD values may be higher. Report the RPD or
ETS-8-154.3 Page 17 of 20
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RSD of sampleffield duplicates and discuss in the report if greater than 20% and the smpact on
field matrix spike recoveries, if any.

13.6 Analytical Method Uncertainty / Data Acceptability

Analytical method uncertainty rviay be defined and reported in one of two ways. The first
approach uses historical LCS data that is control charted and is used to evaluate method

accuracy and precision, based on procedures defined in ETS-12:012. In ETS-12-012, a detailed
estimation of uncertainty measurements was performed on ETS-8-231.2, “Solid Phase Extraction

and Analysis of Perfluorinated Acids, Alcohol, Amides, Sulfonates and other Fluorinated

Compounds by High Performance Liquid ChromaﬁographylMass Spectrometry*. The procedure

outiined in this method-utilizes the same preparation and analysis steps as'those identified in
ETS-8-231.2. In that evaluation it was determined that the use of control charts was an

acceptable approach to determining analytical method uncertainty. At least twenty data points are
required when using this method for determining analytical uncertainty. The method uncertainty is -

defined as 2x the standard deviation of the percent recoveries of the pooled lab control spikes. .

While all LCS data pmntsareoonu'olmaned onlymemostreoentﬁﬂydatapamareusedfor

determining the method uncertainty.

When less than twenty LCS data pantshavebeen gemratedforagivmanalyta mebatd\LCS
and FMS QC determine the data acceptability. if FMSs meet the £30% recovery crieria 4t a level

appropriate to the endogenous level, and the LCS meet the £20% recovery criteria, then the
uncertainty of the data is deemed accurate to within. 100£20%. If FMS do not meet the £30%

recovery criteria, and historical FMS data does not exist, the analytical uncertainty is evaluated on

a @ase—by—case basls and a dlscussoon included in the ﬁnal analytical report

14 Pollution Prevention and Wa‘ste Management

Sample extract waste and flammable solvent is discarded in high BTU containers, and glass
pipette waste is disearded in bruken glass containers located in the laboratory

15 Records e RS

Each data package generated for a study must include all supporting information for

reconstructibility of the data. Information for the data package must include, but is not limited to

the following items: study or project number, sample and standard prep sheets/records, -
instrument run log (instrument batch records, instrument acquisition method, summary pages),
instrument results files, chromatograms, calibration curves, and data wlculahons

16 Attachments

None.

17 References

“Method of Analysis for the Determination of Perfluorooctane sulfonate (PFOS), Perfiuioroociane

sulfonylamide (PFOSA), and Perfluorooctanoate (POAA) in Water”, E. Wickremesinhe and J.
Flaherty, Study Number 023—002 Centre Anatytical Laboratones inc., State Oollege
Pennsylvania, January 2000. . -

E01-0454; Validation report for the *Method of Analysls for the Determination of Perflucrooctane
sulfonate (PFOS), Perfluorooctane sulfonylamade (PFOSA), and Perfluorooctancate (POAA) in
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Water”, E. Wickremesinhe and J. Flaherty Study Number 023-002, Centre Analyhcal
Laboratories, Inc., State College, Pennsylvania. . ‘

18 Affected Documénts

None.

19 Revisions -

Revision
Number ‘
1 . Updaled to the new format. Changed Tme
‘Section 1: States the validation of 3 analyres removes mfemnce to’ EPA document
that's no longer applicable.

Section 2: Provided for the extraction of more than, the 3 validated analytes allows
the use of a LC/MS system, rigt only the LS/MS/MS previously mentioned.
Section 3: Revised definitions for field matrix spike, field control splke. LLOQ,
method blank, and MDL,
Section 5: Reworded the mte:ferences added recommendation to use disposable
pipettes.
Section 6: Re-categorized and pared down.
Section 7: Changed storage time to 6 months. Added more calibration points to the
table.
Section 8:Added statement addressing labeling requirements and spiking
procedures. Expanded section 8.8,
Section 9: New Section
Section 10: Changed some of the parameters in the tables. Allowed for use of
ditferent instrumentation. Added information from section 12 of previous version,
extensively revised.
Section 11 (section 9 in previous version): Clarification of wash step, stated exact
volume of eluate is 5 mL, revised standardization process, removed requirement to
use LC/MSMS.
Section 12 (section 13 in previous version: no changes
Section 13 (section 14 in previous version). Extensively rewritten.
Section 14 (section 15 in previous version): no changes
Section 15 (section 16 in previous version): Minor changes to recording
requirements.
Section 16 (section 17 in previous version): Removed attachment.
Section 17 (section 18 in previous version). Removed reference to EPA document
that no longsr applied (o this SOP.
Section 18: New section.

2 Section 1: Added emphasis that the method is a performance-based method.
Added statement that this method does not cover sample collection.
Ssction 2: Removed statement that samples are shipped cold as this is no longer
the practice. Removed reference to specific C18 SPE cartridge. Added statement
that other extraction and elution volumes may be used.
Section 3. Minor edits/clarifications to several definitions. Added surrogate and
SPE cartridge as a definition. Removed references to LOD and MDL as this
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laboratory does not report LCD and/or MDL values.

Section 6. Added reference to automated SPE workstation.

0Section 7. Added additional analytes and updated standard pmparat:on
examples

Section 8. Removed verbiage that pertained to sample collection as the M
Environmental Lab personnel typically do not collect samples. Addressed sample
bottle preparation.

Section 9. Changed method blank criteria, LMS and FMS acceptance criteria from
100225% to 100£30%, and LCS critenia where pooled recoveries are used (o
determine acceptance.

Section 10. Updated all example instrument conditions for Sciex instrumentation ~
removed Micromass references

Section 11. Clarified extracl!on procedure — removed inclusion of a 40% methanol
wash step.

Section 12. Minor edits.

Section 13. Added section.on determination of ana!yt;cal uncertalnty and changed
performance criteria as appropriate.

Section 11.1. Added use of sodium thiosulfate
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Method

Method of Analys:s for the Determinatlon of Perfluorinated Compounds in Water
by LC/MS/MS; Direct ln]ection Analys:s .

' Method Number:. ETS-8-044.0
' Adoption Date: Upon Signing,
Effective Date: )¢/ /(Z fo7

Approved By: o ) : | o ‘ -

G %/ﬁa/a

William K. Reagen, Laboratory Manager - N Date
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1 Scope and Application

This method is to be used to quantify Perfiiorobutanoic Acid (PFBA), Perflucropentanoic Acid (PFPeA),
Perfluorohexanaic Acid (PFHA), Perfluoroheptanoic Acid (PFHpA), Perfluorooctanoic Acid (PFOA),
Perflucrononanoic Acid (PFNA), Perfluorodecancic Acid (PFDA), Perfluoroundecanoic Acid (PFUnA),
Perfluorododecanoic Acid (PFDoA), Perfluorobutanesulfonate (PFBS), Perfiuorohexanesulfonate (PFHS),
and Perfluorooctanesulfonate (PFOS) by High Performance Liquid Chromatography coupled to a tandem
Mass Spectrometri¢ Detector (LC/MS/MS) in clean water samples, Water samples containing heavy -
particulate may require preparation by an altemate method such as ETS-8-154 "Determination of
Perfiuorinated Acids, Alcohols, Amides, and Sulfonates In Water By Solid Phase Extraction and High
Performance Liquid Chromatography/Mass Spectrometry”. .o A

This method is conskdered a performance-based method. Data is considered acceptable as long as the
defined QC elements are satisfed. ¢~ '

Sample collection is not covered under this analytical procedure.

2 Method Summary

Clean aqueous samples are analyzed by direct injection using LC/MSMS. Samples containing heavy .
particulate may not be sultabie for analysis by this method. Samples containing suspended particulate
should be centrifuge prior to removing a sample aliquot, or filtered.

This is a performance-based method. Method accuracy is determined for each sample set using multiple
laboratory control spikes at muitiple concentrations. This method also requires that the precision and
accuracy for each sample be determined using field matrix spikes to verify that the method is applicable to
each sample matrix. Sample results for spikes outside of 70% to 130%, may be flagged as such (with
expanded accuracy statements), or will not be reported due to non-compiiant quality control samples.

Fortification levels for field matrix spikes and for laboratory matrix spikes should be at least 50% of the
endogenous level and less than 10 times the endogenous level o be used to determine the statement of
accuracy for analytical resuts. -

3 Definitions

3.1 Calibration Standard

A solution prepared by spiking a known volume of the Working Standard (WS) into a predetermined
amount of ASTM Type |, HPLC grade water, or other suitable water, and analyzed according to this
method. Calibration standards are used to calibrate the instrument response with respect to analyte
concentration.

3.2 Laboratory Duplicate Sample (LDS, or Lab Dup)

A laboratory duplicate sample is a separate aliquot of a sample taken in the analytical laboratory that is
analyzed separately with identical procedures. Analysis of LDSs compared to that of the first aliquot give
a measure of the precision associated with laboratory procedures, but not with sample collection,
preservation, or storage procedures.

3.3 Field Blank (FB)/Trip Blank

ASTM Type |, HPLC grade water, or other suitable water, placed in a sample container in the laboratory
and treated as a sample in all respects, including exposure to sampling site conditions, storage,
preservation and all analytical procedures. The purpose of the FB is to determine if test substances or
other interferences are present in the field environment. This sample is also referred to as a Trip Blank.

B ETS-8-044.0 Page 2 of 11
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3.4 Field Duplicate Sample (FDS, Field Dup)

A sample collected in duplicate at the same time from the same location as the sample T he FDSis
_handled under identical circumstances and treated exactly the same throughout field and laboratory

procedures. Analysis of the FDS compared to that of the first sample gives a measure of the precision

associated with sample collection, preservation and storage, as well as with laboratory prooedures

3.5 Field Matrix Spike (FMS)

A sample to which known quantities of the target analytes are added to the sample bottle in the laboratory
before the botties are sent to the field for collection of aqueous samples. A known, specific volme of
sample must be added to the sample container without rinsing. This may be accomplished by making a
“fill to this level” line on the outside of the sample container, The FMS should be spiked betweer
approximately 50% and 10 times the expected analyte concentration in the sample. Ifthe expected range
of analyte concentrations is unknown, multiple spikes at varying levels may be prepared to increase the
likelihood that a spike at an appropriate level is made. The FMS is analyzed to-ascertain if any matrix
effects, interferences, or stability issues may complicate the interpretation of the sampie analysis.

3.6 Trip Blank Spike (Field Spike Control Sample, FSCS)

An aliquot of ASTM Type |, HPLC grade water, or other suitable water, to which known quant:tres of the
target analytes are added in the laboratory prior to the shipment of the collection bottles. The FSCS is
extracted and analyzed exactly like a study sampie to help determine if the method is in control and
whether a loss of analyte could be attributed to halding time, sample storage and/or shipment issues. A
low and high FSCS are appropriate when expected sample concentrations are not known or may vary. At
lsast one separate, un-spiked sample must be taken at the same time and place as each FMS.

3.7 Laboratory Control Sample (LCS) .

An aliquot of control matrix to which known quantities of the target anarytes are added in the laboratory at
the'time of sample extraction. At least two levels are included, one generally at the low end of the
calibration curve and one near the mid to upper range of the curve. The LCSs are extracted.and analyzed
exactly like a laboratory sample to determine whether the method is in control. L.CSs should be prepared
each day samples are exiracted.

3.8 Laboratory Matrix Spike (LMS)

A laboratory matrix spike is an aliquot of a sample o which known quantmes of target analytes are added
in the laboratory. The LMS is analyzed exactly like.a laboratory sample to determine whether the sample
matrix contributes bias to the analytical resuits. The endogenous concentrations of the analytes in the
sample matrix must be determined in-a separate aliquot and the measured values in the LMS corrected
for these conoentrahons LMSs are optnonal for anatysis of aqueous sampies. ' .

3.9 Laboratory Sample
A pomon or aliquot of a sample received from the ﬁeld for testing.

3.10 Limit of Quantitatlon (LOQ)

The lower limit of quanntation (LLOQ) for a dataset is the lowest concentration that can be rehabiy
quantitated within the specified limits of precision and accuracy during routine operating conditions. To

simplify data reporting, the LLOQ is generally selected as the lowest non-zero standard in the calibration
curve that meets method criteria. Sample LLOQs are matrix-dependent.

The upper limit of quantitation (ULOQ) for a dataset is the highest concentration that can be reliably
quantitated within the specified limits of precision and accuracy during routine operating conditions. The
highest standard in the calibration curve that meets method criteria is defined as the ULOQ.

ETS-8-044.0 Page 3 of 11
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3.11 Method Blank
An aliquot of confrol matrix that is treated exacty like  laboratory sampié including exposure to all

glassware, equipment, solVents; and reagents that aré used with other laboratory saimpies. The method
blank is used to determine if tést substances or other interferences are present in the laboratory
environment, the feagents, or the apparatus. e

3.412 Sample )
A samplé is an aliquot removed from’a larger quantity of material intended to represerit the original source
matengl. T v -0 cE R e ‘

3.13 Stock Standard Solution (SSS) . :

. T L I P I R L A S AR I S S O R T O TR o E

A concentrated solution of a single-analyte prepared in the laboratory with an assayed reference

compound. .0 a0t oo N S S ST T

3.14 Surrogate S

A compound similar in chemical cormposition ahid bahavior tothe target analyte(s), but is not nommaily -
found in the sample(s).- A surrogate compound:js typically a target analyte with at least one atom.
containing an isotopically-labeled substitution. -If used, surrogate(s) are added Jo all samples and quality
control samples. Surrogate(s) are added ta quantitatively evaluate the entire analytical procedurs
including sample collection, preparsation, and analysis. - Inclusion of a surrogate anelyte is an optional
-quality control measure and is NOT required: .- - > - .- . .«

345 Working Standard (WS) Sy

A solution of several analytes prepared in the laboratorﬁom SSSs and dillted @s needed to prepare
calibration standards and other required analyte solutions... .- . o

FRE S
vt

-
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R R ©o

N abee L)
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4 Warnings and Cautions * -~

o
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i, -7
4.1 Health and Safety e
The acute and chronic toxicity of the standards for this method have not been precisely determined;
however, each should be treated as'd pdteritial Health hazard.” The analy$t should wear gloves, a lab
' coat, and safety glasses to prevent exposure to chertiicals that might(be present. '
LoD RO o R BN T 3 ' . .
The laboratory is responsible for maintaining a safe.work enyironment and:a current awareness of local
regulations regarding the handling.of the chemicals used in this method: 'A reference file of material safety
data sheets (MSDS) should be available to all personnel involved in these analyses.

4.2 Cautions

The analyst must be familiar with thé taboratory equipment and potential hazards including, but not imited
to, the use of solvents, pressurized gas and solvent lines, high votage, and vacuum systems. Refer to the
appropriate equipment procedure oroperator margual for&additipn_a[ information and cautions.

5 Interferences TR

During sample preparation and analysis, major potential contaminant sources are reagents and
glassware. All materials used in the analyses shall be demonstrated to be free from interferences under

conditions of analysis by. running method blanks.
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Parts and supplies that contain Teflon® should be avoided or minimized due to the possibility of
interference and/or contamination. These may include, but are not limited to: wash botties, Teflon® lined
caps, autovial caps, HPLC parts, etc.

The use of disposable mlcroplpettes or plpettes to ahquot standard so!utlons is reoommended to make
calibration standards and matrix spikes. ' ,

6 Instrumentation, Supplies, and Equipment

6.1 Instrumentation and Equlpment R

A high performance liquid chromatograph cepable of pumptng up- totwo soevents and equipped witha
variable volume injector capable of Injecting 5-100 pL donneched toa tandem Mass Spect-'ometer .
(LCMSMS). | . _

Analytical balance capable of readmg to 0. 00019 S

A device to collect raw data for peak integration and quanhtatxon

15-mL. and 50-mL. disposable polypropylene oentrifuge tubes. ‘
-Gas hght syringes, 25pL, 60pl. 100pL 250pL, SOOpL 1000;JL

1'mL plastic HPLC autovial.

Disposable pipettes, polypropylene or g!ass ae appropriate

Centrifuge capable of spinning 15-mL and 50-mL polypropylene tubes at 3000°rpm.

6.2 Chromatographic System
Guard Column: Prism RP, 4.6 mm x 50 mm, 5 ym
Analytical Column: Betasil C18, 4.6 mm x 100 mm, 5 ym
Temperature: 10°C AR aren
Mobile Phase (A): 2 mM Ammonium Acetate in Water
Mobile Phase (B): Methanol

Gradient Program:
TR Flow Rate
Time (min) %A %8B (mb/min)
0.0 R T AN R _ 10
0.5 97 3 1.0
11.0 5 85 1.0
135 5 85 1.0
13.6 97 3 1.0
17.0 97 3 1.0

injection Volume: 100 pl.
Quantitation: Peak Area — quadratic cuive fit, 1/x weighted
Run Time: ~ 17 minutes.

The previous information is intended as a guide alternate condttlons and equlpment may be used
provided that data quality objectives are met. ,

ETS-8-044.0 | Page 5 of 1"
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631 Mode: E!ecu'osptayNegaﬁvelonMRMmodemonitomghebllmvingtarm

Analyte Transition Monitored
PFBA 213 —» 169
PFPeA 263 — 219
"PFHA _ 7313 —» 269 and 313 — 119
PFHPA 363 > 319, 363 — 168 and 363 — 119
PFOA 413 — 360, 413 —» 210 and 413 —» 169
PENA . | 463 —» 419, 463 — 189 and 463 —» 219
PFDA . | .. 513 — 469,513 — 219 and 513 — 269_
PFUNA 563 —» 519, 563 —» 269 and 563 —» 219
PFDOA 813 —» 569, 613 — 160 and 613 —» 319
PFBS 299 —» 80 and 290 » 99
PFHS 309 —» 80 ang.390 = 89 - .
PFOS 499 —» 80, 499 —».99 and 499 0

f’(’:l)bf )

Muitiple transitions for monitoring the analytes is an option, as summmg multiple transitions may provide
quantitation of isomers that more closely matches NMR data and may have the added benefit of
increased sensitivity. The use of one daughter ion is acceptable if method sensitivity is achieved,
provided that retention time criteria are met to assure adequate specifi ccty

:,‘..b

The previous information is intended as a gwde, altemate mstlunents and equment may be used

7 Reagents and Standards

7.1 Chemicals

Water - Milli-Q, HPLC grade, or other suttably appropfiate sources

Methano! = HPLC grade

T \'.

Ammonium Acetate — A.C.S. Reagent Grade

7.2 Standards

Perfluorobutanoic Acid (PFBA C4 acid) Oamood Products lnc
Perfluoropentanoic Acid (PFPeA C5 acud aiso knpwn as NFPA nonaﬂuoropentanonc acid); Alfa Aesar
Perfiuorohexanoic Acid (PFHA -C8 aad), Oakwood Products Inc
Perfiuoroheptanoic Acid (PFHpA C7 acid, a!sd kmwn as TDHA, mdecaﬂuuroheptanonc acid), Oakwood

Products, Inc

Perfluorooctanoic Acid (PFOA ~ C8acid); 3M
Perfluorononanoic Acid (PFNA - C9 acid); Oakwood Products, Inc
Perflucrodecanoic Acid (PFDA - C10 acid); Oakwood Products, Inc

Perfluoroundecanoic Acid (PFUNA — C11 acid); Oakwood Products, Inc
Perfluorododecanoic Acid (PFDoA — C12 acid); Oakwood Products, Inc

Perfiuorobutanesulfonate (PFBS — C4 sulfonate); 3M
Perfluorohexanesulfonate (PFHS — C8 sulfonate); 3M
Perfluorooctanesulfonate (PFOS - C8 sulfonate); 3M

ETS-8-044.0
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The previous information is intended as a guide. Reagents and standards from altemate sources may be
used.

7.3 Reagent Preparation

2 mM Ammonium acetate solution (Analysis)—Weigh 0.3 g of Ammonium aoetate and dnssolve in2.0 L of reagent
water.

Note: Altemative volumes may be prepared as long as the ratios of the solvent to solute ratios are maintained.

7.4 Stock Standard SQIu'aon (SSS) and Working Standard Solution Preparation

The following standard preparation procedurs serves as an example. Wesghed amounts and final volumes may be
changed to suit the needs of a particular study. For exampte uL volumes ‘may be spiked into volumemc flasks
when diluting stock solutions to appropriate levels. -

100 pg/mL target analyte sss:-——Welgh out10 mg of analynca| standard (cormctad Iorporcont salt and
purity) and dilute to 100mL with methanol or other suitable solvent, in a 100mL volumetric flask. Transferto a
125mL LDPE bottle or other suitable container. Prepare a separate solution for each analyte. Expiration dates
and storage conditions of stock solutions should be assigned in accordance with laboratory standard operating
procedure. An example of purity and salt comection is given below for PFOS.

molecular weight of anion
moclecular weight of salt

salt correction factor =

PFOS (K )salt correcion factor = 330 =0.8275

10 mg CoF 17S05 K" with purity 90% = 8.35mg CaF17S05™ (10 mg*0.90%0.9275=8.35 mg)

§ pg/mL (5000 ng/mL) mixed working standard—Add 0.5mL each of the 100ug/imL. SSSs to a 10mL volumetric
flask and bring up to volume with solvent.

250 ng/mL mixed working standard—Add 1.25ml of the 5 pg/mL -mixed working standard solution to a 25mL
volumetric flask and bring up to volumie with sdvent

125 ng/mL mixed standard—Add 625uL ofthe 5 .JgImL-mlxed worklng standard solution to a2smlL volumetnc
flask and bring up to volume with solvent.

Storage Conditions—Store all SSSs and working standards in accordance with laboratory standard operating
procedure orin a refrigerator at 4°+2°C for-a maximum pericd of 6 months from the date of preparation.

i ETS-8-044.0 Page 7 of 11
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7.5 Calibration Standards

Using the working standards described above, prepare calibration solutions in ASTM Type | water, HPLC water, or
other suitable water, using the following table as a guideline. Note: Volumes of water and working standards may
be adjusted to' meet the data quality objectives addressed in the general project outiine. Calibration levels other

than those listed below can be prepared as needed. :

= TV T 7 mnetvoiumeor | - Final Concentration of
, X Calibration Stenderd (mL | Calibration Standerd, ng/mL
" Concentration ... 't % « . | ofAGTM Fype!Water;or: | (ppb)in ASTM Type | Water,
of WS, ng/mL | Volume of WS, sl other suitable water) or other sultable water
o 125. . *'!v:x T 10, g RIS ~:vm ‘.T - “"_- - 0.025
128 15 50 .« o b oL 00378
426 o2 b 800 o 0080
125 Tt [t s il 0,078
250 200 . | ... %..,.. ..., . 0100
250 50 1 W 800 ; 0.250
250 100 %0 ] 0.500
250 200 see T 1.00
000 26 50 2.50
5000 50 ©ocse Y ol 500
5000 100 50 100
8 Sample Handling Ly
8.1 Water Sample Preparation - . . ©.~ . = , ,
This method is applicable to lean water samples. Samples containing heavy particutate may not be suitable for
analysis by this method. Sampies containirig suspended particulate should be centrifuge prior to removing a
sample aliquot, or fitered. - s
Thoroughly mix sample before removing'an'aliquot and placing in @ labeled plastic autovial. Plastic is
preferred over the use of glass eutovials; to prevent the possibly of fluorochemical sticking to the glass.
Dilute sample, if necessary, with ASTM Type I, HPLC water, or other suitable water.
Prepare method QC samples and muitiple method blanks and aliquot into labeled plastic autovials.
Prepare at least five method blanks.
9 Sample Analysis - LC/MS/MS .

Analyze the standard curve prior to each set of samples. The standard curve may be plotted using a linear fit,
weighted 1/x or unweighted, or by quadratic fil (y = ax? + bx +¢), weighted 1/x or unweighted, using suitable
software. The calibration curves may include but should not be forced through zero. The mathematical method
used to calculate the calibration curve should be applied consistently throughout a study. Any change should be
thoroughly documented in the raw data. :

High and/or low points may be excluded from the calibration curves to provide a better fit over the range
appropriate to the data or because they did not meet the pre-determined acceptance criteria. Low-level curve
points should also be excluded if their area counts are not at least twice that of the method and/or solvent blanks. ’
The coefficient of determination (%) value for the calibration curve must be greater than or equal to 0.980. Each
point in the curve must be within +£25% of the theoretical concentration with the exception of the LLOQ, which may

ETS-8-044.0 Page 8 of 11
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be within £30%. Justification for exclusion of calibration curve points will be noted in the raw data. A minimum of 6
points will be used to construct the calibration curve. -

If the calibration curve does not meet aceeptanoe chiteria, pefform routine manntenanoe or prepare a new standard
curve (if necessary) and reanalyze,

Continuing calibration verifications (CCV) are analyzed to verify the accuracy of the calibration curve. Analyze a
mid-range calibration standard, one of the same standards used to construct the calibration curve, at a minimum
after every tenth sample, not inciuding solveni blanks, with a minimum of one per sample set. Calibration
verification injections must be within £25% to be considered acceptable. The calibration curve and the last passing
CCV will then bracket acceptable samples. Multiple CCV levels may be used.

Samples containing analytes that are quantitated above the oonc-antmtm of the haghest stmdard inthe
curve should be further diluted and reanalyzed '

)

10 Quality Control

10.1 Data Quality Objectives

This method and required quality control samples is designed to generate data accurate to £30% with a targeted
LOQ of 0.025 ng/mL. Any deviations from the quality control measures spelled out below will be documented in
the raw data and footnoted in the ﬁnal report

10.2 Method Blanks

Method blanks must be prepared with each analysis batch. At least five method blarks must be prepared.
Method blanks may be injected multiple times, but no more than 3 injections shouid be removed from a single
method blank. At a minimum, method blanks are anatyzed prior to instrument calibration, prior to the analysis of
CCV samples, and at the end of the analytical run.

The mean area count for each analyte in the method blanks must be less than 50% of the area count of the LOQ
standard. The standard deviation of the area counts of these method blanks should be calculated and reported. If
the mean area counts of the method blanks exceed 50% of the LOQ standard, then the LOQ must be raised to the
first standard level in the curve that meets criteria, or altematively, the method blanks must be evaluated
statistically to determine outliers; or technical xusllﬁcabon to eliminate one or more results should be made.

10.3 Sample Replicates

Samples duplicates are collected in the ﬁeld The reiatlve percent dlfference RPD, should be reported. RPD
results greater than 20% will be flagged in the report, but will not be exciuded from reporting. The requirement for
replicates excludes field blanks.

10.4 Surrogate Spikes
Surrogate spikes are not requmed but may be used on project speciﬁc raqulrements

10.5 Lab Control Sample

Triplicate lab control spikes at a minimum of two different concentrations are {0 be prapared wrth each preparation
batch. Low lab control spikes should be prepared at concentrations in the range of five to ten times higher than the
tergeted LOQ and high lab control spikes should be prepared at concentrations near the mid-point of the curve.
The relative standard deviation of the.control spikes evaluated independently at each concentration level must be
less than or equal to 20% and the average recovery must be 80-120%. If the above criteria are not met, the entire
set of samples should be re-injected or re-prepared as appropriate.

ETS-8-044.0 Page 9 of 11
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10.6 Field Matrix Spikes / Lab Matrix Spikes S

Recoveries of field matrix spikes and laboratory matrix spikes are anticipated to be between 70% and 130% of the
fortified levels. Sample results for spikes outside of 70% to 130%, may be flagged as such (with expanded :
accuracy statements), or will not be reported due to non-comphant quality control samples.

The targeted forttﬁaation levels hould be at least 50% of the endogenous level and less than 10 times the
endogenous level to be used without juistification to determine the statement of accuracy for analytical results.

The average of the sample-and the field duplicate should be" used to calculate the recovery.

11 Data Analysis.and Calculations . .

Use the following equation to calculate the amount of analyte found (in ng/mL, based on peak area) using the
standard curve (linear regression parameters) generated by an appro;pri_ahi software program:

(Peak Area - Intercept)
/
Analyte found (ng/mL) = Siope xDF

ey
DF = factor by which the ﬁnal votume was dlluted lfneoessary

For samples fortified with known amounts of analyte prior to extraction, use the following equaﬁon o calculate the
percent recovery. .

' Total analyte found (ng/mL) - Average analyte found in sample (ng/mL) :
- x100
Recovery = T Anaitevsded ngimi)

12 Method Performance

i

.Any method performanoe parameteretha aranot achieved must be oonsidered inthe evaluation of the data.
* Nonconformance to any specified parameters must be described and discussed if the Technical Manager (non-
GLP study) or Study Director (GLP: study) chooses o report the data. .

If criteria listed in this method performance section are not met, maintenance may be performed on the system and
samples reanalyzed, or other actions taken as appropriate. Document all actions in the raw data.

if data are tobempoﬁadwhenperfomancacdteﬁahavenotbeen met,thedat:a mustbafootnotedontables and
discussed in the text of thereport. ' '~ ¥

121 System Suitability

System Suitability standards are not a required component of this method. If requured by protoool orbythe
technical manager, & minimum of thrée' system ‘suitability samiples are injécted at the beginning of each analytical
run prior to the calibration curve. Typically these samples are at a concentration near the mid level of the
calibration curve and are repeated injections from one autosampier vial. The system suitability injections must
have area counts with an RSD.of 6% and 3 retention time RSD of $2% to.be compllant A

B A R .

12.2 Quantitation = .. ..

ARV

Calibration Curve: The coefﬁctent of determination (r‘) value for the calibration curve must be greater than or
equal to 0.980. Each point in the curve must be wnhtn +25% of the theoretical concentration with the exception of
the LLOQ, which may be within +30%. :

CCV Performance: The calibration standards that are interspersed throughout the analytical sequence are
evaluated as continuing calibration verifications in addition to being part of the calibration curve. The accuracy of
each curve point must be within 25% of the theoretical value (within 30% for lowest curve point). Samples that are
bracketed by CCVs not meeting these criteria must be reanalyzed.

ETS-8-044.0 Page 10 of 11
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Demonstration of Speciﬂclty Speaﬂctty is demonstrated by chromatographlc retention time (within 4% of
standard) and the mass spectral response of unique ions.
12.3 Sensitivity

The targeted limit of quantitation for all analytes is 0.025 ng/mL. The LOQ for any specific analyte may vary
depending on the evaluation of appropnate blanks and the accuracy of the low-level calibration curve ponts Refer
to Section 10 for additional details.

124 Accuracy

This method and required quality control samples are designed to generate data that are accurate to +-30%. °
Section 10 contains additional information regarding the required accuracy of laboratory control spikes, field matrix
spikes and laboratory matrix spikes.

12.5 Precision

Samples should be collected in duplicate in the field. The relative percent difference, RPD, should be reported.
RPD results greater than 20% will be flagged in the report, but will not be excluded from reporting. The
requirement for replicates excludes field blanks or rinse blanks.

Section 10 contains additional information regarding the required precision of iaboratory control spikes.

13 Pollution Prevention and Waste Management

Waste generated when performing this method will be disposed of appropriately. The original samples will be
archived at the 3M Environmental Laboratory in accordance with intemal procedures.

14 Records

Each data package generated for a study must include all supporting information for reconstruction of the data.
information for the data package must include, but is not limited to the following items: study or project number,
sample and standard prep sheets/records, instrument run log (instrument batch records, instrument acquisition
method, summary pages), instrument results files, chromatograms, calibration curves, and data calculations.

15 Affected Documents

None.

16 Revisions

Revision
Number Summary of Changes
ETS-8-044.0 Page 11 of 11
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ATTACHMENT D: SAMPLE CHROMATOGRAMS AND CALIBRATION CURVES
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ATTACHMENT E: PROTOCOL AND METHOD DEVIATIONS

.- EQT-0140; interim Report#2 Page 142 of 145
" 3M Cordova Groundwater. - December 2009 C
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3M Confidential
CONFuTNnAL
RECORD OF DEVIATION/NONCONFORMANCE
_____l._Identification
Study / Project No. ... Date(s) of Occurrence: Document Number:
E07-0149 - Interim Report #2 " Sequencé g091222s and g100105a  ETS-8-154.3
Deviatontype 0O SOP 0O Equipment Procedure @ Method
(Checkone) (3 Protocol 0 _GPO 0 _Other:
il. Description (attach extra pages as needed)
Method Requirements:

1. CCV recovery within £ 25% of true value (section 10.4).
2. LCS average recovery of 100% % 20%.
3. FMS recoveries within 1 30% (section 9.6).

Actual procedure/process:

(1) Sequence g091222a - One of the eleven CCVs for PFOA had a recovery of 72.4%.
(2) LCS of branched PFOS and PFBA both had an everage recovery of 126%.
(3) PFOS FMS LS recovery for location COIL-GW-C1 was 66.9%

i1, Actions Taken (such as amendment issued, SOP revision, elc.)

Corrective Action (O Yes (4 No) Reference:
Acceptability of the nonconforming work:

1) Eleven CCVs were analyzed during the course of the run with one CCV-for PFOA recovering at 72.4%.
Curve criteria, LCS criteria, and FMS recovery criterie were all met for PFOA. Samples bracketed by the
CCV will be noted in the report. ) .

2) The branched PFOS when quantitated-against calibration curve polnt prepared from linear PFOS have
been quantitating around 15-20% higher. The average recovery of 126% for both PFOS and PFBA were
within the acceptance criteria of + 30% for FMS samples.

3) The other two FMS samples for PFOS for location COIL-GW-CI met method acceplance criteria with
recoveries of 80.2% and 85.4%. Since the low spike was the most appropriate as compared to the sample -
concentration, the analytical uncertainty will be adjusted accordingly. o

Actions: ) Halting of Work (3 Client Notification O Work Recall O Withholding of Report
@ Other: Deviations will be noted in final report.

Project Lead/PAl Approval: Susan Wolf RS S Date;
o mwé L
Study Director (if GLP): . Date:
z{t2)i0
Sponsor Approval (for GLP protocol deviations): NA Date: NA
Technical Reviewer {optional): Date:
Laboratory Department Manager Approval: _ : Date:
B 2T I A0

V. Authorization to Resume Work
Where halting of work occurred, resumption of work must first be approved by Laboratory Management

Laboratory Department Manager Approval: NA Date: NA

Deviation No. /
(8ssigned by Study Director or Team Leader at the end of study or project)

Attachment A ET7S-4-008.7 Page 1 of 1

Oocumentston o G AN iSO Roncrtomig Tesing e 51
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3M Confidential o
RECORD OF DEVIATION/NONCONFORMANCE
. ldentiﬁcataon i
Study /ProjectNo. - Date(s) of Occurrence: -~ .Document Number;
E07-0140 - Interim Report #2 Sequence g091211a and 910010‘73 .- ETS-8-110.4 A
Deviationtype [ SOP ‘ 0 Equipment Procedure . @ Method PR
(Check one) O Protocol - 0. G6PO y El Other:

Il._Description (attach extra pages as needed)
Method Requirements:
1. CCV recovery within £ 25% of true value (section 10.3) e

Actual procedure/process:

(1) One cf the seventeen CCVs for PFBA and PFBS did not meet method acoeptancg cmarla wam reeoveries
163% and 141%, respecﬂveey : o ‘ )

Hl. Actions Taken . = ...
{such as amendment issued, SOP revis;on elc.)
Corrective Action (O Yes ) No) Reference: R

Acceptability of the nonconforming work:

1) QC criteria were reviewed and met method acceptance criteria: curve accuracy, LCS and sample FMS
recoveries. Samples bracketed by the PFBA and PFBS CCV not meeting method acceplance criteria, will
be noted in the report.

Actions: (0 Halting of Work (0 Client Notification [J Work Recall T Withholding of Report
& Other: ccv deviation will be noted in final report

Project Lead/PAl Approval: Susan Wolf Date:
> Tsi)o
Study Dlrector (if GLP):

Data ZI,[ Z/[O

Sponsor Approval (for GLP protocol dewattons) NA Date: NA
Technical Reviewer (optional): " Date:

Laboratory Department Manager Approval: - Date: B
e — 29 J%pl S0

IV. Authorization to Resume Work :
Where hamng of work occurmed, resumption of work must first be aggmvad by Laboratory Management

Laboratory Department Manager Approval: NA . _ ~Date: NA

. Deviation No. 2
(asslgned by Study Dirsctor or Team Leader at the end of study or project)

Attachment A ETS-4-008.7 Page 1 of 1

Documentation of Dewdiﬂ?r@&w‘@@nﬁebm nonconformmg Testing, Page 144 of 145
Cordova Groundwater - Dacember 2009
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3M Confidential , ‘
o rm e o0 o CONFI 1AL
RECORD OF DEVIATION/NONCONFORMANCE

' . .1 Identification
Study / Project No. -~ Date(s) of Occurrence: Document Number:
E07-0149 ~ Interim Report #2 Sequence g091211a and g100107a  ETS-8-110.1
Deviationtype 0O SOP : 0O Equipment Procedure O Method
(Check one) Protocol =~ 0O GPO 0O Other:

1. Description (attach extra pages as needed)

Method Reqcireménts:
1. Field matrix spikes (section 9.1 of Protocol).

Actual procedure/process: :
(1) Location COIL-GW-MW-9-94 did not have 8 field: ratrix-spike level appropriate for PFBA. Several other
: locations also did not have an appropriate field matrix spike level for PFBA. In those instances,a-
laboratory matrix spike was prepared at an appropriate level. This sample (COIL-GW-MW-9-94) was
inadvertently missed when preparing laboratory matrix spikes. , _

ill. Actions Taken
(such as amendment issued; SOP revision, etc.)

Corrective Action (O Yes No) Reference:
Acceptability of the nonconformingwork:
1) Data will be flagged in the report as not having ac sppropriale matrix spike. :

- 3. A 5
¥, Do - Bt

Actions: ' Halting of Work [ Client Notification O Work Recall [ Withholding of Report
Other: Deviation will be noted in Tinal repart. S ' .

Study Director (if GLP): ) 7y/)

Sponsor Approval {for GLP protocol deviatio}\s): ﬂ %Mw Date: 2/5%0

ASo NI T

. ?/('.‘ - . -.“: e .
Project Lead/PAl Approval: Susgn Wolf J\g‘/‘) —_ Datey .

Technical Reviéwer {optional): Déte:

Laboratory Department Manager Approval: ' Date:

P2 U 29 Feago
. IV. Authorization to Resume Work
Where halting of work occunred, resumplion of work inust irst be. approved by Laboratory Management

Laboratory Department Manager Approvak NA'" .. . s - Date: NA

T

. .. - Deviation No. 5
(assigned by Study Dvroctor or Team Leader at the end of study or project)
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