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The testing reported herein meet the requiremoents of ISOAEC 17025-1999 “General
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Reason for Report Revision

This report was revised in order to achieve analytical data of the highest quality for alt target
compounds. The PFBA data reported here were generated using method ETS-8-11.0 and was
not changed from the original report. All other target analytes were requantitated using method
ETS-8-154.1. PFOS and PFOA data generated by ETS-8-11.0 did not consistently meet method
acceptance criteria requirements. Improved PFOS and PFOA data accuracy was obtained using
ETS-8-154.1, a method validated for PFOS and PFOA. Data for the remaining target compounds
were consistent between the methods. Only data from ETS-8-154.1 was reported for those
analytes.
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3M Environmental Laboratory

3M Environmental Laboratory Technical Manager: William K. Reagen, Ph.D.
3M Technical Leads: Mark E. Ellefson, Kent R. Lindstrom

Report Author; Susan Wolf

- S o R
Analytical Report E06-0294, Revision1 .- ' »¢
Oakdale Municipal Well Samples: Minnesota Depanm'ent of Heaith Co-SamplingMay 11, 2006

Report Date: July ;18, 2006
Supersedes report dated June 9, 2006

The 3M Environmental Laboratory prepared and analyzed municipal water samples collected by Pace
Anglytical Field Services personnet on May 11, 2006, from Oakdale municipal wells 1, 2, 3, 5, 7, 8, and
9 in conjunction with the monthly Minnesota Department of Health sampling. Samples were retumed to
the 3M Environmentat Laboratory for analysis of perfluorobutanoic ack! (PFBA), nonafluoropentanoic
acid (NFPA), perfluorohexanoic acid (PFHA), perfluarooctanoic acid (PFOA), perfluorobutane sulfonate
(PFBS), perfluorohexane sulfonate (PFHS) and perfluorooctane sulfonate (PFOS) under laboratory
project number E0B-0294. Analysis was completed following 3M Environmental Laboratory method
ETS 8-11.0 “Determination of C, ~ C;; Highly Fluorinated Acids, Alcohols, Amides, and Sulfonates in
Water by High Performance Liquid Chromatography/Mass Spectrometry” and ETS-8-154.1
"Determination of Perfluorinated Acids, Alcohols, Amides, and Sulfonates in Water by Solid Phase
Extraction and High Performance Liquid Chromatography/Mass Specirometry”.

The 3M Environmental Laboratory prepared sets of sample containers for seven sampling locations.
Each sample set consisted of a field semple, field sample duplicate, low field spike, and high field spike.
Each empty container was marked with a “fill to here” line that corresponded to a final volume of 450
mL. Containers reserved for field matrix spikes were fortified with an apprapriate matrix spike solution
containing all analytes prior to being sent to the field for sample collection.

Table 1 summarizes the sample resulis using both analytical methods identified above. All results for
quality controt samples prepared and analyzed with the samples will be reported and discussed
elsewhere in this report.

The testing reported herein meet the requirements of ISOAEC 17025-1999 “General Raquirements for
ACCREDITE the Competence of Testing and Cabration Laboratories”, in accordance with the A2IA Certificate
#2052-01. Testing that complies with this intemational Standard also operate in accordance with ISO
90011S0 9002 (1994).
Certificate #2052-01
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N/A = Not Applicable

(1) The analytical method uncertainties are as follows: PFBA is 100% + 8.0%, NFPA is 100% £ 8.4%, PFHAis 100% ¢ 20%,
PFOA is 100% % B.9%, PFBS Is 100% + 4.6%, PFHS Is 100% t 3.3%, PFOS Is 100% + 5.5%. Refer o Sections 3 and 4 for
data acceptance crileria and discussion.

{2} Sampie resuits for PFBA were determined following method ETS-8-11.0.

(3} Sample resutts for NFPA, PFHA, PFOA, PFBS, PFHS, and PFOS were delermined faliowing method ETS-8-154.1

(4) The Relative Percent Difference between the Sample/Sample Duplicate exceeds 15%. .

(5} Awverage and %RPD were not calculaied due to one sampte being <LOQ. Reported the higher of the two values.

2.1 Methods , : oo o

Analysis was completed following 3M Environmental Laboratory method ETS 8-11.0 “Determination of
C, — C; Highly Fluorinated Acids, Alcohols, Amides, and Suifonates in Water by High Performance
Liquid Chromatography/Mass Spectrometry” and ETS-8-154.1 “Determination of Perfluorinated Acids,
Alcohols, Amides, and Sulfonates in Water by Solid Phase Exiraction and High Performance Liquid
Chromatography/Mass Spectrometry”. ETS-8-154.1 is currently on the laboratory’s scope of
accreditation to ISO/IEC 17025:1999. ETS-8-11.0 is not currently on the laboratory’s scope of
accreditation.

2.2 Sample Collection : _

Samples were collecled in Nalgene™ (low-density polyethylene) bottles prepared at the 3M
Environmental Laboratory. Prior to sample callection, bottles designated for field matrix spikes were
spiked in the laboratory with a known volume of an appropriate matrix spiking solution containing the
analytes of interest. Collected sample bottles were returned to the iaboratory at ambient conditions on
May 12, 2006. L :

2.3 Sample Preparation

PFBA Analysis:

Ali samples, calibration standards, and associated quality control samples were prepared using method
ETS 8-11.0 “Determination of C, — C, Highly Fluorinated Acids, Alcohols, Amides, and Sulfonates in
Water by High Performance Liquid Chromatography/Mass Spectrometry”. Briefly, agueous samples
and calibrations standards were prepared for analysis by diluting the samples 1:1 using a 10-mM
ammonium hydroxide in methanol solution. This method is currently not on the laboratory's scope of
accreditalion to ISOAEC 17025:1999.

NFPA, PFHA, PFOA, PFBS, PFHS, and PFOS Analysis:

All sampies, calibration standards, and associated quality control samples were extracted using a
modified procedure of ETS-8-154.1. Briefly, 40 miL of sample were loaded onto a pre-conditioned
Waters C18 solid phase exiraction (SPE) carlridge (Sep-Pak, 1.0 g. 6 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 = § mL). Lab
control spikes extracted in the same manner cross-validate all the method modifications/deviations
from ETS-8-154.1. See Section 3.6 for additional information,

Modifications from ETS-8-154.1 that were used for this analysis:
s Samples were not extracted in duplicate as samples were collected in duplicate in the field.
+  Extraction columns were not rinsed with 40% methanol after sample loading.
*  Afterloading the sample onto the column, and just prior to eluting the column with methanol,
vacuum was applied for approximately 5 minutes to remave as much sample as possible.
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2.4 Analysis

All samples and quality control samples were analyzed for seven target analytes using high
performance liquid chromatography/ {andem mass specirometry (HPLC/MS/MS). Pertinent instrument
parameters, the liquid chromatography gradient program, and the specific mass transitions analyzed
are described in the tables below. .

Table 2. Instrument Parameters.

Instrument Name ETSGinger ETSOllie
Analytical Method followed ETS-8-11.0 ETS-8-154.1
Liquid Chromatograph : Agllent 1100 Agilert 1100
Guard column . Prdsm RP (2 ram.X S0 mm), § pm Betasil C18 (2.1 mm.X100 mm), 5 ym
Analytical column  Betasll C18 (2.1 mm X 100 mm), 5 pm Betosil C18 (2.1 mm X 100 mm), 5 pm
Injection Volume 10l . Spl_
Mass Spectrometer Applied Biosysterms AP} 5000 Applied Biosystems APl 4000 Q trap
lon Source Yurbo Spray Turbo Spray

. Electrode Z-spray Z-spray

| Polarity Negative Negative

© Software Analyst 1.4.1 Analyst 1.4.1

Table 3. Liquid Chromatography Gradlent Program.

ETS Ginger
Step Total Time Flow Rate PercentA ' Percent B
Number {min) (pl/min} (2 mM ammonium acetate) |~ (Methano))
0 0 300 9.0 10.0
1 20 300 a0.0 10.0
2 10.0 300 10.0 90.0
3 12.0 300 10.0 a0.0
4 12.5 300 0.0 10.0
5 16.0 300 90.0 10.0
ETSOMe
Step Total Time Fow Rate Percent A PercentB
Number (min) (ul/min) (2 mM ammonium acetate) (Methano)
0 0 300 80.0 20.0
1 1.0 300 80.0 20.0
2 14.5 300 10.0 90.0
3 15.5 300 10.0 90.0
4 16.5 300 60.0 20.0
5 20.0 300 80.0 20.0
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Table 4. Mass Transitions

Mass Transiton | Dwell Time (msec) | Dwefl Time (msec)

Analyts Qa3 ETSGinger ETSOlie
PFBA 213169 80 -
413/369 80 100
PFOA 4137219 80 100
4131169 80 100
499/99 80 . . 00
PFOS 49980 80 100
499130 80 100
399/99 . 80 100
PFHS . 399/80 - 80 o 100
" 200%/80 - 8p 100
PFBS 299/99 80 100
PARHA 313119 ‘80 100
NFPA 263/219 80 100

3.1 Calibration

PFBA Analysis:

Calibration standards were prepared by spiking known amounts of stock solutions containing the target
analytes into 2 mlL. of ASTM type | water. A 750uL aliquot of each water standard was then transferred
to an autosampler vial. Subsequently, a 750ul aliquot of a 10mM ammonium hydroxide in methanol
solution was added to the vial. Ten spiked standards ranging from 0.025 ng/mL to 10 ng/mL {nominal)
were prepared. After dilution, the nominal concentration of each analyte in the vial was 0.0125 ng/mL
to 5.0 ng/mL. Quadratic, 1/x weighted, calibration curves were used to fit the data for each analyte.

NFPA, PFHA, PFOA, PFBS, PFHS, and PFOS Analysis:

Calibration standards were prepared by spiking known amounts of stock solutions containing the
analyles of interest into 40 mt_ of ASTM type | water. Each spiked water standard was then extracted
in the same manner as the collecled samples. Atotal of cicven spiked standards ranging from 0.025
ng/mt 1o 10 ng/mL {nominal) were prepared. A gquadratic, 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% (100£30% for the lowest curve point) were met.
The correlation coefficients (r) were greater than 0.999 for each analyte.

The analytes PFBA, NFPA, and PFHA were initially dissolved in acetonitrie before being further diluted
into an intermediate standard solution. This is a deviation for ETS-8-154.1 which spacifies that
analytes should be dissolved in Methanol. This daviation has no adverse affect on the sample resuits.

3.2 Limit of Quantitation (LOQ)

The LOQ for this analysis, as defined in methods ETS-8-11.0 and ETS-8-154.1, is the lowest non-zero
calibration standard in the curve that meets linearity and accuracy requirements and which the area
counts are at least twice those of the appropriate btanks. The nominal LOQ for PFBA was 0.050ng/mL.
The nominal LOQ for NFPA, PFHA, PFOA, PFBS, PFHS, and PFOS was 0.025ng/ml..
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3.3 System Suitability

PFBA Analysis:

The 5ng/mL calibration standard was analyzed in triplicate at the beginning and end of the analytical
sequence to demonstrate overall system suitability. Method acceptance criteria of less than 5%
relative standard deviation (RSD) for peak area and less than 2% RS for retention time for both
opening and closing system suitability injections were met.

NFPA, PFHA, PFQA, PFBS, PFHS, and PFOS Analysis:

The 1.0 ng/ml. extracted-calibration standard was analyzed five times at the beginning and end of the
analytical sequerice 1o demonstrate overall system sultability. All compounds met the acceptance
criteria of less than 5% relative standard deviation (RSD) for peak area and less than 2% RSD for
retention time for the opening and closing system suitability injections with exception of NFPA and
PFOA. The RSD for the area counts for the closing systemn suitability for NFPA was 6.2% and 6.9% for
PFOA. As laboratory control sampies and field matrix spikes are used to qualify the samples results,
any instrument variability that may have occurred would be accounted for with these samples.

3.4 Continuing Calibration

PFBA Analysis:

During the course of the analytical sequence, several continuing calibrafion verification samples
(CCVs) were analyzed to confirm that the instrument response and the initial curve were sfill in control.
These CCVs were re-injections of two different concentrations of calibration standards from the first
calibration curve {curve not used for quantitation) that were quantitated against the second curve (used
for quantitation). Alt CCVs for PFBA met method criteria.

NFPA, PFHA, PFOA, PFBS, FFHS, and PFOS Analysis:

During the course of the analytical sequence, several continuing calibration verification samples
(CCVs) were analyzed to confim that the instrument response and the initial calibration curve were still
in control. One CCV level for PFHA analyzed twice during the course of the run had recoveries of
1298% and 131%, which did not meet method criteria of 100£25%. All other CCVs met method criteria.

3.5 Blanks

Three types of blanks were prepared and analyzed with the samples: method blanks, solvent blanks,
and field/trip blanks. Each blank result was reviewed and used to evaluate method performance to
determine the LOQ for each analyte.

3.6 Lab Control Spikes (LCSs)

PFBA Analysis:

Low and high lab control spikes were prepared and analyzed in triplicate. LCSs were prepared by
spiking known amounts of the analytes into 2 mL of ASTM Type | water and prepared exactly like the
samples and standards. LCS results were be used to determine overzil method uncerlainty in Section
3.7.

NFPA, PFHA, PFOA, PFBS, PFHS, and PFOS Analysis:

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 ASTM Type | 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 8-154.1. Additionally, LCS results
were used to determine overall method uncertainty in Section 3.7. The RSD for the six LCS prepared
for PFHA was 19%, which did not meet method acceptance criteria of <15%.

The following calculations were used to generate data in Table 5.
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Calculated Concentration
LCSP t Recovery — *100%
eroen ¥ T T Spike Concentration
stahdard deviation LCS replicales
average LCS recovery

LCS%RSD = *100%
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3.7 Analytical Method Uncertainty
Both the accuracy (percent recovery) and precision (%RSD) of the lab control spikes were used to
estimate the overall method’s analytical uncertainty for a given analyte. For example; if the overall
accuracy and precision for PFOS based on LCS results was 99.9%+5.4%. The measured precision
(%RSD) is then used to determine the range of the accuracy.
Example:
99.9*(0.054)=54
99.9+ 54 =105.3,90.9-54=045

Thus, LCS accuracy resuits range from 94.5% to 105.3%. The absolute differetice of the low and
high ends of this range, when compared to 100%, are then calculated.

100%-105.3= 5.3%
100%-94.5 = 5.5%.

The maost conservative (fargest) absolute difference is then used as the analytical uncertainty for the
given analyte. ’

Table 8. Analytical Method Uncertainty

Analyte Mathod Uncertainty
PFBA 100% +-8.0%
NFPA 100% +/- 8.4%
PFHA 100% +/- 20%
PFOA 100% +- 8.9%
PFBS 100% /- 4.6%
PFHS 100% +/- 3.3%
PFOS 100% +/- 5.5%

3.8 Field Matrix Spikes (FMS)

Low and high field matrix spikes were collecied at each sampling point to verify that the analytical
method is applicable to the collected matrix. Field matrix spikes are generated by adding a measured
volume of field sample to 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 spikes are presented in
section 4 of this report.

{Sample Concentration of FMS - Average Concentration: Field Sample & Fisld Sample Dup.) “100%
Spike Concantraton g

FMS Recovery =
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Table 7. Field Matrix Spike Concentrations

3M ENVIRONMENTAL LABORATORY
REFPORT NO. E66-0294

Final Concentration (ngimL)
Location  |Description PFBA | NFPA | PFHA | PFOA | PFBS | PFHS | PFOS
Low Field Matrix Spike 00087 | 0ose0 | 0101 | 0508 | 0.0009 | 0401 | 0503
et High Field Matix Spike 0087 | 0990 | 104 | 102 | 0999 | ‘01 | 101
Low Field Matrix Spike 0.0987 | 0.09%0 | 0.101 | 0.102 | 0.0999 | 0101 | 0.101
et High Field Matrix Spike 0967 | 0890 | 101 | 192 | 0099 101 | 101
Low Field Matrix Spike 0.0087 | 0.0990 | 0101 | 0305 | 00898 0.101 | 0.302
ele High Field Matrix Spike 0987 | 0900 | 101 | 192 | o0ses - 101 | 101
Low Field Matrix Spike 00087 | 00990 | 0101 | 0205 | 00995 | 0.101 | 0302
el iiigh Fieid Matrix Spike 0987 | 0go0 | 101 | 102 | 0998 ! 101 | 101
Low Fleld Matrix Spike 00087 | 0.0090 | 0401 | 00508 | 0.0888  0.101 | 0503 |
Trip Blank
High Fiekd Matrix Spike 0987 | 0ge0 | 101 | 102 | 0999 101 | 101
Low Field Matix Spike 0.0967 | 00990 | 0.101 | 0102 | 00099  0.101 | 0.101
et iHigh Field Matrix Spike o.éai, 0800 | 104 | 102 | 0999 | 101 | 101
‘Low Fiekd Matrix Spike 00987 | 0.0990 | 0101 | 0.02 | 0.0899 | 0.101 | 0.101
el High Field Matrix Spike 0987 + 0890 | 101 | 102 | 089 | 101 | 108
!:Low Field Matrix Spike 0.0087 | 0.0990 | 0901 | 0.:02 | 0.0999 | 0.701 | 0.107
et EHigh Field Matrix Spike 0987 | 09%0 | 101 | 102 | 0998 | 101 | 109

The tables below summarize the sampie results and field matrix spike recoveries for the seven
locations as well as the Trip Blank. Each table provides the average concentration and the relative
percent difference (RPD) of the sample and sample duplicate.
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IM ENVIRONMENTAL LABORATORY
REPORT NO. £06-0294

Laboratory confrdl spikes were used to determine the analytical methoid accuracy and precision for all
anatytes. The accuracy and precision were then used to estimate the method uncertainty for the
results. Field matrix spike recoveries demonstrated that the analytical method was appropriate for the
given sample matrix. Analysis was successfully completed following 3M Environmental Laboratory
method ETS 8-11.0 “Determination of C4 — Cs Highly Fluorinated Acids, Alcohols, Amides, and
Sulfonates in Water by High Performance Liquid Chromatography/Mass Spectrometry™and ETS-8-
154.1 "Determination of Perfluorinated Acids, Alcohols, Amides, and Sulfonates in Water by Solid
Phase Extraction and High Performance Liquid Chromatography/Mass Spectrometry”. Analytical
results are reported in Table 1 of this report. ' '

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