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assurance procedures followed in this study were based on the practices described in
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changed from the initial study report. Changes to these interpretive sections were made
to better represent the experimental results of the study.
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Summary

We report here the results of our study of the hydrolysis of 2-(N-ethylperfluorooctane-
sulfonamido)-ethyl alcohol (hereafter, N-EtFOSE alcohol). Our methods are described
below and in Appendix A to this work; our results are based on the observed
concentrations of N-EtFOSE alcohol and its potential hydrolysis product perfluorooctane
sulfonate (PFOS) in buffered aqueous solutions as a function of time. The chosen
analytical technique was high performance liquid chromatography with mass
spectrometry detection (HPLC/MS). Tables 1 and 2 summarize the resuits of the study.

During this study, we prepared and examined samples at six different pH levels from 1.5
to 11.0 over a period of 49 days, and our results indicate no dependence of the
degradation rate of N-EtFOSE alcohol on the sample pH level. Our results based on the
N-EtFOSE alcohol concentrations, pooled over the observed pH levels, are presented in
Table 1.

Table 1. Summary of Resuits Based on N-EtFOSE Aicohol
Concentrations

Calculated
Observed Rate Calculated Rate Half Life Calculated (20)
Constant at 50° C Constant at 25° C at25° C Half Life Range
(day'1) (day'1) (years) at 25° C (years)
0.00262 0.000262 7.3 53t011.5

We also monitored the concentration of one of the potential hydrolysis products
(perfluorooctane sulfonate, PFOS), but never observed this compound at levels above
its limit of quantification (LOQ, equal to 12.8 ng/mL). Assuming PFOS to be the only
hydrolysis product of N-EtFOSE alcohol, this LOQ (and other experimental data) provide
a second estimate of the N-EtFOSE alcohol half-life, presented in Table 2.

Table 2. Summary of Results Based on PFOS Limit of
Quantification

Maximum Maximum

Possible Rate

Calculated Rate

Calculated Half Life

Constant at 50° C Constant at 25° C at25° C
(day”) (day™) (years)
6.1 x10™ 6.1 x10° > 31

According to the data available from this study, the half-life estimate of Table 2
represents the minimum possible half-life of the compound N-EtFOSE alcohol under the
assumption that it hydrolyzes to form only the compound PFOS.
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introduction

Three primary chemical routes of environmental degradation are hydrolysis, photolysis,
and biodegradation. Studies of these routes provide information on the environmental
persistence of both the “parent” compounds and their reaction products, and are ideally

carried out over the range of chemical conditions pertinent to both environmental and
metabolic processes.

~The hydrolysis of N-EtFOSE alcohol (or, more generally, its degradation in the presence
of H,O) is addressed in this report. Structures of the “parent” compound N-EtFOSE

alcohol and the potassium salt of possible hydrolysis product perfluorooctane sulfonate
(PFOS) are illustrated in Figure 1.

Figure 1. Structures of N-EtFOSE Alcohol and the Potassium Salt of PFOS
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Summary of Kinetics Model

A full mathematical description of the kinetics model employed in this study is presented
in Appendix B. The study data allow two independent estimates of the hydrolytic half-life
of N-EtFOSE alcohol.

The first estimate (see Table 1) is based on the observed degradation of the “parent”
compound N-EtFOSE alcohol in dilute, appropriately buffered aqueous solutions.
Equation 1 describes the estimated half-life (’i“/f, )1 in terms of the estimated total parent

hydrolysis rate 12}, (see Appendix B, Equation B10):

A In(2)
(Tllfj)l == Eq 1
kP

We determined the quantity IEP from the experimental data as described in Appendix B.

The data corresponding to “Day 0” (t = 0) were used to determine the relative
concentration ratios (see Equations B8 and B9).

The measured concentrations of the potential hydrolysis product PFOS (also obtained
during the experiments described here) provide a second estimate (see Table 2) of the
parent half-life. During the course of this study, we did not detect PFOS above its limit of
quantitation (LOQ), and related studies' show that PFOS is itself hydrolytically stable.
Assuming also that PFOS is the only hydrolytic product of the parent compound

N-EtFOSE alcohol, these PFOS analyses provide the following estimate (TVf, )2 of the
minimum N-EtFOSE alcohol half-life (see Equations B32 and B33):

At [p]in(2
(T2) = ——%Qﬂ—l : Eq.2

PFOS

[P,]= the initial N-EtFOSE alcohol molar concentration,
A t= the time interval over which the study was conducted (49 days), and

ALQ = the molar limit of quantitation for the compound PFOS.

All the samples used in this study were maintained at a reaction temperature of 50° C.
The quoted results, valid for the reaction temperature of 25° C, were calculated from our
experimental results according to methods described in Appendix B (Eq. B38 and B39).
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Materials and Methods

Details of the characteristics of the test materials, sample preparation techniques, and
analytical methods are presented in Appendix A (ETS-8-179.0, “Preparation of 2-(N-
ethylperfluoroctanesulfonamido) Ethyl Alcohol (N-EtFOSE Alcohol) Hydrolysis Samples
and Analysis by High Performance Liquid Chromatography with Mass Spectrometry
Detection.”) A summary of these items is provided below, as well as a description the
known deviations from the procedures of Appendix A. 3M prepared and analyzed the
samples included in this study between March 13 and October 5, 1999.

Chemical Characterizations

Table 3 describes the sources and properties of the materials used in this work. These
materials were used to prepare both the samples and the quantitative standards used to
quantify them. For this reason, and because Equations 3 and 6 involve only ratios of the

parent and product concentrations, the resulting rate and half-life estimates are largely
independent of the material purity levels.

Table 3. Characterizations of Test and Reference Substances

N-EtFOSE PFOS N-MeFOSE
Alcohol (Potassium Salt) THPFOS Alcohol

3M Specialty 3MICP/PCP . . 3M Specialty
Source Chemistry Division ICN Biomedicals Chemistry
Chemical Lot $398-332 | Batch#171 | Batch#53406 $398-331
Number®
Physical Description | Off-white powder nggévizlgged Brown waxy solid ] White powder
Molecular Weight 570.9 538 428 556.9

(gm mole™)

2 The S and "TNA" designations are based on reference numbers in two redundant databases maintained by 3M.

Sample Preparation

We prepared three 1.0-mL aqueous buffer samples (a sample, a duplicate, and a “matrix
spike") at each of six pH levels (1.5, 3, 5, 7, 9 and 11) for analysis at eight time intervals
(0,7, 14, 21, 28, 35, 42 and 49 days). Buffered solutions containing 455 ng/mL of the
analyte N-EtFOSE alcohol and 403 ng/mL of THPFOS (3, 3,4, 4,5,5,6,6,7,7, 8, 8, 8-
tridecafluorooctane sulfonic acid), the latter serving as a surrogate for the compound

PFOS, formed the basis of all these samples. The chosen buffer solutions are described
fully in Appendix A.

All the samples were prepared simultaneously, and all but the “Day 0” samples were
placed in an orbital incubator/shaker maintained at 50° (£ 3°) C. After at least three
minutes of agitation, the “Day 0" samples were spiked (as required) with the PFOS
solution, diluted 10:1 with methanol containing the internal standard THPFOS, and
refrigerated. After the appropriate incubation times, subsets of the sample vials were
removed from the incubator and then spiked, diluted, and stored as described
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immediately above. Except during the relatively short periods of time required to
prepare them, the samples were shielded from light.

Eight calibration standards containing N-MeFOSE alcohol (316 ng/ml), N-EtFOSE
alcohol (155 to 932 ng/ml), THPFOS (403 ng/ml) and PFOS (1.3 to 64 ng/ml) served as
the quantitative basis of the study. All these standards were prepared at the appropriate
pH levels using the buffer solutions described above.

Sample Analysis

- The equipment we used for the HPLC/ITMS analysis was a Hewlett Packard model 1100
equipped with a Dionex lonPac® NG-1 HPLC column (aqueous ammonium
acetate/methanol solvent gradient) and an ALS Model G1322A degassing module. An
ALS Model G1315A column heater maintained the column temperature at 40 °C, a
quaternary pump supplied a column flow rate of 0.3 mL/min, and an ALS Model G1313A
auto-sampler provided 5 ulL sample injections. The detector was a Hewlett Packard
MSD mass spectrometer, operated in hegative-mode electrospray ionization mode;
anions of PFOS, THPFOS, and acetate adducts of N-MeFOSE alcohol and N-EtFOSE
alcohol were detected at the charge-to mass ratios 499, 427, 616, and 630 respectively.
We processed the resulting data using the computer program HP ChemStation for LC
(Rev.A.06.0). Further analytical details, including the gradient elution program,
instrument and detector parameters, and performance specifications, are presented in
Appendix A.

Deviations
No deviations from the procedures defined in the analytical method (Appendix A) were

noted during the study. As noted in the following sections, some calibration and sample
data failed to meet data quality objectives and were rejected.
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Results and Discussion

Data Quality Objectives (DQO’s)
Below is a brief description of the data quality objectives applied in this study, a full
description is presented in Appendix A. With the exceptions of the anomalous results

noted below, all the DQO’s were met. Appendlx C presents the results for each sample
set, organized by pH level.

¢ Calibrations. The minimum acceptable coefficient of determination (r?) for linear fits
to calibration data is 0.990. The acceptance criterion for individual calibration points
is that their values fall within + 25% of the linear fit value; data outside this range are
excluded and the linear fit is recalculated. No more than two points may be rejected
from a calibration data set. Data for the high or low calibration standards may be
rejected, though this results in a smaller effective calibration range.

¢ Continuing Calibration Verification (CCV). Identical calibration samples are
examined at the beginning and end of each sample run. Results of the second
calibration run may not deviate by more than £ 25% of the first run for any analyte.
The average results of the calibration runs are used to caiculate the analyte
concentrations.

» Matrix Spikes. The acceptable percent spike recovery range is 75% to 125%.
Analyte specificity is demonstrated by acceptable analyte spike recoveries.

o Sample Duplicates. Duplicate pairs with relative percent deviation (RSD) greater
than 25% may be accepted at the analyst’s discretion, but must be noted.

» Solvent Blanks. Concentration results for solvent blanks may exceed neither 5% of
the highest calibration standard nor 25% of the lowest calibration level.

¢ System Suitability. Suitability was demonstrated by either an abbreviated mass-to-
charge (m/z) check-tune or performance of a full auto-tune routine.

Anomalous Analytical Results

e Calibrations. Of the 288 calibration results obtained, 22 individual values failed to
meet the stated DQO and were rejected. No more than two values for any
compound were rejected for any particular calibration run.

e Spike Recoveries. Results for three sample pairs (EFA -136 and -137, at pH = 7.0;
EFA-31 and -32 at pH = 9.0; and EFA -139 and -140, at pH = 9.0) failed to meet the
related DQO and were rejected.
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Statistical Methods and Calculations

Using functions provided in Microsoft® Excel® software, we calculated means, standard
deviations, and first-order rate constants (see Appendix B, Equation B8) for various
subsets of the acquired data. Our linear regressions included the determination of
constant terms, that is, the regression fits were not forced to pass through the origin.

As described in Appendix B (Equations B38 and B39), rates measured at 50°C were
extrapolated to 25°C by dividing by a factor of 10; this approximation is valid for
reactions, such as these, with Arrhenius heats of activation near 18 Kcal/mole.?

Data Summary and Discussion

The LOQ is defined as the concentration of the lowest (accepted) standard in the
calibration set for which the known concentration exceeds 400% of the indicated solvent
blank level (see Appendix A). During this study, the LOQ's for N-EtFOSE alcohol and
PFOS were 155 ng/mL and 12.8 ng/mL, respectively

Results for the surrogate compound (THPFOS) and the internal standard (N-MeFOSE
alcohol) were very consistent throughout the study. The percent relative standard
deviations of the measured values, calculated for each pH level, ranged from 1.8% to
7.4%.

Table 4 presents the results of the rate determinations at six pH levels and 50°C.

Table 4. Observed (50° C) Degradation Rates of N-EtFOSE Alcohol in
Aqueous Buffered Solutions and at Various pH Levels.
PH Observed Rate (day'1) Percent (2c) Rate Uncertainty (day")
1.5 0.0028 66
3.0 . 0.0024 115
5.0 0.0027 56
7.0 0.0030 36
9.0 0.0022 95
11 0.0023 54

These degradation rates are generally only poorly determined; their percent relative 2¢
(95% confidence) uncertainties range from 36% to 115%. The data do not indicate any
dependence of the degradation rate on the sample pH.
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In the absence of a clear trend relating the degradation rate to sample pH, it is
appropriate to “pool” the data from all pH levels and to determine the degradation rate
using the entire data set. Figure 3 illustrates the results of this pooled analysis
according to Equation 1, and Table 5 summarizes the results of the analysis.

Table 5. Degradation Rate and Half Life of N-EtFOSE Alcohol in chueous
Buffered Solutions Using Data Pooled Over pH Levels.
Calcuiated Calculated
Observed Rate Percent (2c) Rate Rate Calculated (20) Half
Constant at Constant Uncertainty | Constant at Halif Life Life Range
50° C at 50° C 25° C at 25°C at 25° C
(day”) (day”) (day”) (years) (years)
0.00262 37% 0.000262 7.3 53t011.5

Figure 2. Observed N-EtFOSE Alcohol Degradation for Various pH levels.
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Figure 3. Pooled N-EtFOSE Alcohol Data and Slope Regression.
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We also monitored the concentration of the hydrolysis product perfluorooctane sulfonate
(PFOS), but never observed this compound at levels above its limit of quantification
(LOQ, equal to 12.8 ng/mL). The initial N-EtFOSE alcohol concentration (455 ng/ml)
and the PFOS LLOQ provide a second estimate of the N-EtFOSE alcohol half-life (see in
Appendix B, Equations B32 and B33). The maximum degradation rate is given by
Equation 3: ‘

N

kp < (kP )max = ! ZA;OQ

Py At &= Eq. 3
and the minimum half-life is given by Equation 4
At [P In(2)
(r2), = e Eq. 4

PFOS
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We note that in both Equations 3 and 4, the initial N-EtFOSE alcohol concentration (P, )

and the PFOS LOQ (A}2%) are molar quantities. Table 6 presents the results of the
calculation.

Table 6. Degradation Rate and Half Life of N-EtFOSE Alcohol in Aqueous Buffered
Based on PFOS Limit of Quantification
Maximum Maximum Calculated
[P ] ALOQ Observed Rate at Calculated Half Life
At 0 PFOS 50°C Rate at 25° C at 25°C
(days) (nm/mt) (nm/ml) (day'1) (day'1) (years)
49 0.80 0.024 6.1x10™ 6.1x 107 =31
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Conclusions

We have performed a study of the aqueous hydrolytic degradation 2-(N—ethylperfluoro-
octanesulfonamido)-ethyl alcohol (N-EtFOSE alcohol). Six different pH levels were included in
the study, which were carried out at 50°C and extrapolated to 25°C. Our results based on
direct observation of the N-EtFOSE alcohol concentration indicate no clear dependence of the
degradation rate of N-EtFOSE alcohol on pH. From the data pooled over the six pH levels,
we estimate that the hydrolytic half-life of N-EtFOSE alcohol at 25°C lies between 5.3 and
11.5 years, with the most likely value of 7.3 years.

The concentration of the compound PFOS, a likely hydrolytic product of N-EtFOSE alcohol,
was monitored throughout the study, but remained undetected above its limit of quantification
(LOQ = 12.8 ng/mL). Using the LOQ for PFOS and the initial N-EtFOSE alcohol concentration
(455 ng/ml), and assuming PFOS is the only hydrolytic product of N-EtFOSE alcohol, the data
indicate that the hydrolytic half-life of N-EtFOSE alcohol at 25°C is greater than or equal to 25
years.
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Appendix A: Analytical Method

ETS - 8-179.0, “Preparation of 2-(N-ethylperfluorooctanesulfonamido) Ethyl Alcohol (N-
EtFOSE Alcohol) Hydrolysis Samples and Analysis by High Performance Liquid
Chromatography with Mass Spectrometry Detection.”

This Appendix presents the analytical method employed in this study.
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3M ENVIRONMENTAL LABORATORY

METHOD

PREPARATION OF 2-(N-ETHYL PERFLUOROOCTANESULFONAMIDO)-ETHYL ALCOHOL
(N-ETFOSE ALCOHOL) HYDROLYSIS SAMPLES AND ANALYSIS BY HIGH
PERFORMANCE LIQUID CHROMATOGRAPHY WITH MASS SPECTROMETRY

DETECTION
Method Number: ETS-8-179.1 Adoption Date: 9/14/00
Effective Revision Date: 3/19/01
Approved by:
YT — 03234
Laboratory Manager Date

‘Team Leader % f Date é

ETS-8-179.1 Method Page 1 of 18
Prep. of N-EtFOSE Alcohol Hydrolysis Samples and Analysis by HPLC/MS
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1.0 SCOPE AND APPLICATION

1.1  This procedure defines the steps for analysis of 2-(N-ethyl perfluorooctanesutfonamido)-
ethyl alcohol (N-EtFOSE alcohol) hydrolysis samples by high performance liquid
chromatography (HPLC) with mass spectrometry (MS) detection and quantitation. It is
based on EPA OPPTS: 835.2110 (Reference 18.1). N-EtFOSE alcohol and the potential
hydrolysis product perfluorooctane sulfonate (PFOS anion) are detected and quantified by
this method. N-EtFOSE alcohol is quantified using N-MeFOSE alcohol (2-(V-
methylperfluorooctanesulfonamido)-ethyl alcohol) as an internal standard. The surrogate
THPFOS (the anion of 3, 3, 4, 4, 5, 5, 6, 6, 7, 7, 8, 8, 8-tridecafluorooctane sulfonic acid)
is used to quantify PFOS. Representative structures are shown in Attachment A.

1.2  Compatible analytes. 2-(N-cthyl perfluorooctanesulfonamido)-ethyl alcohol (N-EtFOSE
alcohol), perfluorooctanesulfonate (PFOS anion), perfluorooctanesulfonamide (FOSA),
2-(N-methylperfluorooctanesulfonamide)-ethyl alcohol (N-MeFOSE alcohol) and the
anionof 3, 3,4,4,5,5,6,6,7,7, 8, 8, 8-tridecafluorooctane sulfonic acid (THPFOS).

1.3  Compatible matrices for analysis. Aqueous solutions at various buffered pH levels.

1.4  This is a performance-based method. Target analyte or surrogate matrix spike recoveries
(100 #25%) are used for each sample matrix to evaluate method performance. Refer to
Section 10 for the frequency of quality control parameters to be performed in this
method. Refer to Section 14 for the quality assurance evaluation criteria for this method.

20 SUMMARY OF METHOD

2.1  Aliquots of N-EtFOSE alcohol stock solution containing THPFOS surrogate are added to
vials that contain buffers at pH 1.5, 3.0, 5.0, 7.0, 9.0 and 11.0. The vials are then placed
in an orbital incubator/shaker set at 50.0 £ 3 °C. Sets of vials are removed at designated
intervals and the date and time recorded. The aqueous sample from the hydrolysis of N-
EtFOSE alcohol is diluted tenfold with methanol (MeOH) and spiked with N-MeFOSE
alcohol internal standard. The parent compound, N-EtFOSE alcohol, and the PFOS
hydrolysis product are separated on a Dionex IonPac® NG1 reversed-phase HPLC

column using an ammonium acetate/MeOH solvent gradient, with detection/quantitation
by electrospray ionization mass spectrometry in the negative mode.

~

3.0 DEFINITIONS

3.1  Calibration Standard. A dilution of various amounts of a stock, intermediate or
purchased standard to achieve standard solutions in a concentration range of interest.
Hydrolytic half-lives resulting from these analyses are calculated based on analytical
ratios and not absolute numbers. Therefore, results do not depend on the purity of the
standards used.

3.2  Calibration Curve, The graphical relationship between known values, such as
concentration of a series of calibration standards and their instrumental response.

3.3  Internal Standard Calibration. Process of establishing a relationship between the ratio
of the target analyte(s) response to internal standard or surrogate response and a known
concentration of the target analyte(s). The ratio of analyte to internal standard response is
used to generate the calibration curve and determine unknown concentrations.
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34  Correlation Coefficient (r). A measure of the degree of correlation between two
variables. This term is generally used to evaluate the linearity of a Least Squares Linear
regression. Anr value of 0.98 is at the lower bounds of what is considered linear. Values
of r may range from —1 to +1. A value of +1 denotes perfect direct functional relationship
between two variables. A value of -1 also denotes a perfect inverse relationship. When r
= (), there is no effect of one variable upon the other variable.

3.5  Coefficient of Determination (r’). The square of the correlation coefficient. It is the
proportion of the variation in the dependent variable that is accounted for by the
independent variable.

3.6 Internal standard. A known amount of a compound or element similar in analytical
behavior to the compound(s) or element(s) of interest, added to all samples and standards,
and carried through the entire measurement process (post-hydrolysis, after final dilution).
It provides a reference for evaluating and controlling the precision and bias of the applied
analytical method.

3.7  Surrogate. An organic compound which is similar to the target analyte(s) in chemical
composition and behavior in the analytical process, but which is not normally found in
the sample(s). In hydrolysis studies, surrogate is added to CCVs, samples, sample
duplicates, and matrix spike samples along with the test analyte (pre-hydrolysis).

3.8  Continuing Calibration Verification (CCV). Standards analyzed during an analytical
run to verify the continued accuracy of the calibration curve. This solution may or may
not be prepared from a different source or lot number than the calibration curve standards.

3.9  Solvent Blank. A sample of analyte-free medium (for example, methanol) that is not
taken through the sample preparation process. This blank is used to evaluate instrument
contamination.

3.10 Limit of Quantitation (LOQ). The lowest concentration that can be reliably measured
within specified limits of accuracy during routine laboratory operating conditions. The.
LOQ is generally 5 to 10 times the minimum concentration with a 99% confidence limit
that the concentration is greater than zero. However, it may be nominally chosen within
these guidelines to simplify data reporting. For many analytes, the LOQ is selected as the
lowest non-zero standard in the calibration curve that is greater than 4 times the level of
the solvent blanks. Sample LOQs are highly matrix-dependent.

3.11 Sample Duplicates. Two samples taken from and representative of the same sample
source and separately carried through all steps of the extraction and analytical procedures
in an identical manner. Duplicate samples are used to assess variance of the total method,
including sampling, extraction, and analysis.

3.12 Relative Percent Difference (RPD). A measure of precision defined as the absolute
value of the difference of two values divided by the average of the two values and
multiplied by 100.

3.13 Matrix Spike (MS). Prepared by adding a known mass of target analyte to a specified
amount of a sample matrix prior to analysis. This assumes that an independent estimate
of target analyte concentration is available. Matrix spikes are used to determine the effect
of the matrix on method recovery efficiency.

3.14 Accuracy. The closeness of agreement between an experimentally determined value and
an accepted reference value. When applied to a set of observed values, accuracy is a
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combination of a random (precision) and a common systematic (bias) component. For
purposes of the study, the acceptance criterion is 75% to 125% of the nominal value.
3.15 Dilution. A step in the hydrolysis study procedure in which a solvent is added to the test
* analyte/buffer solution to prepare it for instrumental analysis. This step occurs after the
vials are removed from incubation and before the samples are analyzed. If the solvent
used is miscible with the test analyte/buffer solution, the diluting solvent is merely added
and mixed. If the diluting solvent is non-miscible, a liquid-liquid extraction is performed.

4.0  WARNINGS AND CAUTIONS
4.1  Health and safety warnings »

4.1.1 Wear the proper lab attire for all parts of this procedure. Wear gloves and proper
eyewear at all times.

4.1.2 Handle all solvents in a hood for all parts of the described sample preparation
procedure. Whenever possible and practical, dilute samples with solvent in a
hood.

4.1.3 For potential hazards of each chemical used, refer to material safety data sheets,
packing materials, and the 3M Environmental Laboratory Chemical Hazard
Review.

4.2  Cautions

4.2.1 All glassware in which standards are prepared should be triple-rinsed with 1:1
acetone/MeOH to reduce the possibility of contamination.

4.2.2 Ensure that the HPLC mobile phases are prepared prior to beginning a run
sequence, and that there is sufficient quantity to complete the run. Do not allow
the pump to run dry. '

4.2.3 Ensure that before starting the run sequence there is ample hard disk space on the
computer to save all run data.

4.2.4 Ensure that there is enough nitrogen in the supply tank to complete sequence runs.

5.0 INTERFERENCE .

5.1 Contaminants in solvents, reagents, glassware, and other sample processing or analysis
hardware may cause interference. Use the routine analysis of laboratory method blanks
to demonstrate that there is no such interference.

5.2  Contamination from columns, HPLC tubing, and detector components may cause

interference at low detection levels. The routine analysis of solvent blanks must be used
to demonstrate that there is no such interference.

6.0  EQUIPMENT
6.1  Analytical balance sensitive to 0.1 mg
6.2  Incubator/shaker capable of maintaining temperature at 50.0 £ 3°C
6.3  Hewlett-Packard (HP) 1100 HPLC System, or equivalent
6.3.1 Pump, binary, Model G1312, or equivalent
6.3.2 Solvent degasser, Model G1322A or equivalent
6.3.3 Autosampler, ALS Model G1313A, variable injection volume capable
6.3.4 Column heater, Model G1316A
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6.4  Dionex IonPac® NG1 Guard column, 4 x 35 mm, or equivalent

6.5  Mass spectrometer. Hewlett-Packard MSD Model G1946A, or equivalent, operating in
Electrospray negative SIM mode .

6.6  Clock, digital. Only one clock should be used, to insure unambiguous documentation of
the correct performance of procedures.

6.7  pH meter. Corning Model 308 pH/Temperature Meter with 3-in-1 gel-filled combination

* electrode (pH/reference/temperature), or equivalent

6.8  Refrigerator capable of maintaining 4 + 3 °C

6.9  Datasystem. A personal computer capable of controlling the HPLC system as well as
recording and processing signals from the detector, Hewlett-Packard ChemStation®
Version A.06.01 or later

7.0  SUPPLIES AND MATERIALS

7.1 Vials, 40 mL, VOA (I-Chem or equivalent)

7.2  Crimp cap autovials, 1.8 mL

7.3  Labels

7.4  Graduated pipets, glass, disposable, 1 mL to 10 mL

7.5  Pasteur pipets, glass, disposable

7.6  Hamilton Gastight® syringes (precision + 1% of total volume), 10 pL-1000 pL

7.7  Volumetric flasks, various sizes

7.8  Beakers, glass, various sizes

7.9  Automatic pipettor, capable of dispensing 10-5000 pL

8.0 REAGENTS AND STANDARDS

8.1  Methanol (MeOH). HPLC/SPEC/GC grade from EM Science, or equivalent

8.2  Acetone. HPLC/SPEC/GC grade from EM Science, or equivalent

8.3  18.0 MQ water. Water with lower resistance must not be used.

84 Ammonium acetate, 2 mM in water. This solution is chromatographic solvent A (see
Section 12.3.1). (Example: An acceptable eluent solution is made by adding 0.15 g
ammonium acetate crystals to a 1-L volumetric flask containitig about 500 mL water,
adding 10 mL of methanol, diluting to the mark with 18.0 MQ water and mixing.)

8.5 Stock, internal standard, surrogate and calibration solutions

All weights should be recorded to the nearest 0.0001 g in a standards preparation log: -

8.5.1

8.5.2

N-EtFOSE alcohol prepared in acetone. (Example: A stock solution is prepared at
a concentration of approximately 30,000 pg/mL by weighing 0.3 g of N-EtFOSE
alcohol in a 10-mL volumetric flask and bringing to the mark with acetone. This

solution is diluted in MeOH to make additional, appropriate standards.)
N-MeFOSE-alcohol internal standard prepared in acetone. (Example: A stock
solution is prepared at a concentration of approximately 30,000 pg/mL by

weighing 0.3 g of N-EtFOSE-OH in a 10-mL volumetric flask and bringing to the

mark with acetone. This solution is diluted in MeOH to make additional,
appropriate standards.)
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8.5.3 Perfluorooctanesulfonate (PFOS) prepared in methanol. (Example: A stock
solution is prepared at a concentration of approximately 3000 pg/mL by weighing
0.06 g of PFOS in a 20-mL volumetric flask and bringing to the mark with
methanol. This solution is diluted in MeOH to make additional, appropriate
standards.)

854 3,3,4,4,5,5,6,6,7,7, 8, 8, 8-tridecafluorooctane sulfonic acid (THPFOS)
surrogate prepared in MeOH. (Example: A stock solution is prepared at a
concentration of approximately 20,000 pg/mL by weighing 0.2 g of THPFOS in a
10-mL volumetric flask and bringing to the mark with methanol. This solution is
diluted in methanol to make additional, appropriate standards.)

Buffers for calibration of pH meter

Purchased pH calibration standards of pH 4.0, 7.0, and 10.0 (suppliers vary).

Buffer solutions for hydrolysis study. Prepare buffer solutions of pH 1.5, 3.0, 7.0, 9.0

and 11.0 using guidelines from CRC Handbook of Chemistry and Physics (Reference

18.2). Prepare buffer solution of pH 5.0 using guidelines from Fate, Transport and

Transformation Test Guidelines (Reference 18.2). Prepare the buffer solutions in 1-liter

quantities. Calibrate a portable pH/temperature meter using purchased pH calibration

standards of pH 4.0, 7.0, and 10.0, and measure the pH of all buffer solutions. Prepare
buffer solutions of pH 1.5, 3.0, 5.0, 7.0, 9.0 and 11.0 at ambient room temperature. The
concentrations are given below. Record final pH measurements of all buffers. Store
buffers in sealed glass containers.

871 pHI1S5
8.7.1.1 207 mL of 0.1 N HCI (reagent grade)
8.7.1.2 125 mL of 0.2 M KCl (reagent grade)
8.7.1.3 Add 18.0 MQ water to about 900 mL total volume
8.7.1.4 Adjust pH to 1.5 with additional 1 N HC1
8.7.1.5 Bring to a final volume of 1 L with 18.0 MQ water

872 pH3.0
8.7.2.1 223 mL of 0.1 M HCI (reagent grade)
8.7.2.2 500 ml of 0.1 M potassium hydrogen phthalate (reagent grade)
8.7.2.3 Add 18.0 MQ water to about 900 mL total volume
8.7.2.4 Adjust pH to 3.0 with 1 N HCl or 1 N NaOH
8.7.2.5 Bring to a final volume of 1 L with 18.0 MQ water

8.73 pHS5.0 |
8.7.3.1 Add 3.8777 g ammonium acetate (reagent grade) to 250 mL 18.0 MQ

water
8.7.3.2 Add 250 mL 0.052 M acetic acid (reagent grade)
8.7.3.3 Add 18.0 MQ water to about 900 mL total volume
8.7.3.4 Adjust to pH of 5.0 with glacial acetic acid (approximately 0.5 mL)
8.7.3.5 Bring to a final volume of 1 L with 18.0 MQ water

8.74 pH7.0
8.7.4.1 500 mL 0.1 M KH,PO, buffer (reagent grade)
8.7.4.2 291 mL 0.1 N NaOH (reagent grade)
8.7.4.3 Adjust to pH 7.0 with either 1 N HCl or 1 N NaOH
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8.7.4.4 Bring to a final volume of 1 L with 18.0 MQ water.
8.7.5 pH9.0

8.7.5.1 500 mL 0.025 M sodium borate decahydrate (reagent grade)

8.7.5.2 46 mL of 0.1 N HCIl (reagent grade)

8.7.5.3 Add 18.0 MQ water to approximately 900 mL

8.7.5.4 Adjust to pH 9.0 with either 1 N HCl or 1 N NaOH

8.7.5.5 Bring to a final volume of 1 L with 18.0 MQ water.
8.7.6 pH11.0

8.7.6.1 500 mL 0.05 M NaHCO, (reagent grade)

8.7.6.2 227 mL 0.1 N NaOH (reagent grade)

8.7.6.3 Add 18.0 MQ water to approximately 900 mL

8.7.6.4 Adjust pH to 11.0 with IN NaOH

8.7.6.5 Bring to a final volume of 1 L with 18.0 MQ water

Test analyte and spike solutions:

8.8.1 N-EtFOSE alcohol test analyte solution with THPFOS surrogate. [Example:
An analyte solution of N-EtFOSE alcohol at 500 pg/mL and THPFOS at 400
pg/mL is used (a dilution in MeOH of the solutions prepared in Sections 8.5.1 and
8.5.4). A 10-pL aliquot of this solution added to 1 mL buffer (the step performed
in Section 12.1.6) results in a final concentration of 500 ng/mL N-EtFOSE alcohol
and 400 ng/mL THPFOS after MeOH dilution (the step performed in Section
12.1.13)]. ‘

8.8.2 N-MeFOSE alcohol internal standard solution. [Example: An analyte solution
of N-MeFOSE alcohol at 30 pg/mL is used (a thousand-fold dilution in MeOH of
the solution prepared in Section 8.5.2). A 100-uL aliquot of this solution added to
1 mL buffer (the step performed in Section 12.1.14) results in a final N-MeFOSE
alcohol concentration of approximately 300 ng/mL.

8.8.3 Spiking solution. [Example: A spiking solution is prepared by adding 70 pL of
the N-EtFOSE alcohol stock solution (Section 8.5.1) to a 10-mL volumetric flask
and diluting to the mark with methanol. A 10-pL aliquot of this solution added to
the 1.0 mL sample (the step performed in Section 12.1.15) results in a final spike
concentration of 217 ng/mL of N-EtFOSE alcohol after MeOH dilution.

9.0

SAMPLE HANDLING

9.1

9.2

9.3

Record times of initial preparation and dilution on the fluorochemical degradation
(hydrolysis) analysis sample preparation sheet (Attachment B).

For Time 0 samples, aliquot only the 1mL of buffer into the vials. DO NOT spike with
test analyte. Store the vials at room temperature until ready to analyze. Then proceed

from Section 12.1.12.
Once the 9.0 mL of diluting solvent has been added to the hydrolysis mixtures, the

samples are ready to be analyzed. Alternatively, aliquots of the methanol-diluted samples

should be refrigerated at 4 + 3 °C or frozen until analysis can be performed.

ETS-8-179.1 Method Page 7 of 18
Prep. of N-EtFOSE Alcohol Hydrolysis Samples and Analysis by HPLC/MS

Page 28 of 83



BACK TO MAIN

3M Environmental Laboratory Report No. W1872

10.0 QuALITY CONTROL

10.1 Calibration Standards. Calibration standards (Section 11) used to generate a calibration
curve should be prepared in the same type of solvent or matrix as in the study samples.
The number of calibration standards and the concentration levels should be sufficient to
encompass the expected concentrations of the study samples. In general, a minimum of
five calibration standards is required for fit of linear regression. Broad calibration ranges
(greater that three orders of magnitude between low and high standards), may require use
of a quadratic fit of the data and requires more points to adequately represent the
calibration range.

10.2 Internal standard (IS). N-MeFOSE alcohol internal standard is added in a constant
concentration to all standards, samples, and matrix spikes.

10.3 Surrogate. THPFOS surrogate is added in a constant concentration to CCVs, samples,
sample duplicates, and matrix spike samples along with the N-EtFOSE alcohol test
analyte (pre-hydrolysis).

10.4 Continuing Calibration Verification (CCV). A standard analyzed periodically during

. an analytical run to verify the continued accuracy of the calibration curve and is run in
tandem with the solvent blank. This solution may be prepared from a different source or
Jot number than the calibration curves standards.

10.5 Solvent blank. Solvent blanks (or clean method blanks) should be run before and after
every calibration curve, CCV, method blank (if contamination is noted), and after batches
of no more than 20 injections. Acceptable values for the blanks are values below the
limit of quantitation (LOQ) of the instrument (Section 3.10). If analyte carryoverisa
problem (see Section 14.5), use back-to-back solvent blanks.

10.6 Sample Duplicates. Prepare and analyze all samples in duplicate to provide a measure of
the precision of analysis.

10.7 Matrix spikes. Prepare a post-hydrolysis matrix spike sample (the step performed in
Section 12.1.15) for each interval and pH level used in the study. Concentrations of the
spike should be approximately equal to a mid-range calibration standard. The matrix
spike sample should be analyzed immediately following the sample duplicates to which it
corresponds. The analyst shall accept percent spike recoveries of 100 + 25%. Spike
recoveries outside of this range should be noted. Appropriate steps must be taken to
correct the problem before analysis is allowed to proceed. Before the analysis is allowed
to proceed, consult with the Team Leader or designee for direction and final acceptance
or rejection of the analytical run.

11.00. CALIBRATION AND STANDARDIZATION

11.1 Standard preparation. Prepare six calibration standards containing N-EtFOSE alcohol,
N-MeFOSE alcohol, PFOS and THPFOS in 9:1 MeOH:buffer for each pH level.
Standards from approximately 150 ng/mL to 1000 ng/mL of N-EtFOSE alcohol and 1
ng/mL to 100 ng/mL of PFOS are suggested.

11.2 Calibration standards. Analyze the calibration standards at the beginning and end of
the run. Individual calibration data points from both sets of calibration standards are used
to generate a calibration curve. The calibration curve is then used by the data reduction
software program for linear regression calculations to relate the analyte peak area ratio
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versus amount ratio, using internal standard calibration. Use N-MeFOSE alcohol as the
internal standard for N-EtFOSE alcohol and THPFOS surrogate as the internal standard
for PFOS quantitation. Quadratic regression may be used if data review shows this to be
a consistent and more accurate representation of the instrument response. Consult with
the Team Leader for direction prior to performing the quadratic calibration methodology.

12.0 PROCEDURES
12.1 Sample and spike preparation
‘ 12.1.1 Before spiking with any of the stock standards, transfer approximately 1 mL of
-..the solution to an autovial and cap the vial. Use this smaller volume for spiking
to minimize the effects of evaporation from stock solutions and to prevent
contamination of the larger volume of stock solution.

12.1.2 Determine the number of time intervals that will be analyzed. Each interval will

have three vials for each pH, multiplied by the number of pHs analyzed. One
_vial at each level will be labeled as sample, duplicate, and spike.

12.1.3 Obtain the appropriate number of 40-mL VOA vials with caps and cardboard
boxes. Prepare appropriate sample preparation worksheets, create labels, and
affix them to the vials., The labels should include the sample number and L.D.,
temperature, pH, time interval, test analyte, and date of preparation. Record the
pH of each buffer solution.

12.14 Remove the cap of the VOA vial and add 1 mL of the appropriate buffer
solution to all of the pre-labeled vials. Always replace the cap immediately
after any addition to minimize evaporation.

12.1.5 Put “Time 0” samples aside at this point. For all other samples, continue
on to Section 12.1,6.

12.1.6 To all of the vials, add 10 uL of the mixed N-EtFOSE alcohol analyte and
THPFOS surrogate solution (Section 8.8.1) with a 25-pL Hamilton Gastight®
syringe.

12.1.7 Make sure that the cap has been firmly tightened and place the samples back in

the cardboard case. :

12.1.8  Place the case into a pre-warmed incubator/shaker for the appropriate time.
Record the time, temperature, and rate of shaking. The temperature is
determined by the conditions of the experiment. Continue to manually monitor
the incubator temperature daily during the entire incubation. Record the
temperature on the sample preparation sheet (Attachment B).

12.1.9  Store “Time 0” samples at room temperature until the time of analysis.

12.1.10 Remove each case from the incubator at the designated preset time.

12.1.11 Remove the vials from the case and place in racks. Allow the vials to cool for
approximately 15 minutes to room temperature.

12.1.12 While vials are cooling, spike the stored “Time 0” samples with test analyte
solution (Section 12.1.5) on Day 7. Then continue on to (Section 12.1.13) with
all samples.

12.1.13 Add 9 mL of methanol to each vial.
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12.1.14 Using a 100-pL gas tight syringe, add 100 pL of N-MeFOSE alcohol internal

standard solution (Section 8.8.2) to each sample and spike vial.

12.1.15 Using a 25-uL gas tight syringe, add 10 pL of spiking solution (Section 8.8.3)
to the sample spike vials. Shake the vials for three minutes by hand or Vortex
mixer to mix the contents and extract any analytes that may have adsorbed to

the vial.

12.1.16 Aliquot approximately 1 mL of each sample to the appropriately labeled

autovial, cap, and refrigerate at 4 £ 3 °C until analysis.

Instrument set up

12.2.1 Check that the appropriate HPLC column is in the instrument for analysis.

12.2.2 Check that the correct eluent solutions are in bottles to be used and that enough is

available to complete the sequence run.
12.2.3 Place the samples in the autosampler tray and construct a sequence table with
appropriate calibration standards, calibration check standards and solvent blanks.
12.2.4 Verify that all samples and standards are positioned correctly. Enter sequence

information (sample or standard ID, method name). Use one injection per sample.
12.2.5 Save sequence as analysis date and instrument letter (e.g. on March 14, 1999, save
sequence table as 031499.s). Save all data to a subdirectory labeled with analysis

date. (e.g. 031499).

12.2.6 Set post-sequence command macro to shut down system after the run is

completed (Example: “STANDBY” on HP1100/MSD systems).

HPLC set up:

12.3.1 Analysis of N-EtFOSE alcohol hydrolysis samples in buffers at pH levels 1.5, 3.0,

5.0,7.0,9.0 and 11.0.

Column: Dionex IonPac® NG1 Guard column, 4 X 35 mm, or equivalent

Solvent A: Ammonium Acetate 2mM in water (with 1% MeOH).

Solvent B: Methanol

Recommended Solvent Gradient:

TIME (MIN) %A %B FLOW RATE
0.0 60 40 0.3 mL/min
1.0 60 40 0.3 mUmin
4.0 5 95 0.3 mL/min
11.0 5 95 0.3 mL/min
Post time: 6 minutes, column temperature: 35°C.
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124 Recommended mass spectrometer set up':

MSD: lonization mode API-ES
Polarity Negative
Acquisition mode SiM
Gain 1.0
Fragmentor 70
Dwell time 183 msec

Capillary voitage 3500

Drying gas Nitrogen

Nebulizer pressure | 30 psig

Drying gas flow 8 Limin

Drying gas temp 300°C
*Example conditions are applicable to HP1100/MSD equipment only.

12.5  Auto-sampler setup’:

AUTO-SAMPLER: ALS Model G1313A
AUTO-SAMPLER PROGRAM: None
INJECTION VOLUME: 5.0ul

*Example conditions are applicable to Hewlett Packard 1100 only

12.6 Ions used for identification and quantification:

APPROX.

RETENTION : : QUANTIFICATION MONITOR

TIME (MIN) CoMPONENT NAME DESCRIPTION IoN IoN
33 MeFOSE-OH Internal Standard 616 (M+OAC) 617
8.6 EtFOSE-OH Test Analyte 630 (M+OAc) 631
6.2 PFOS Potential Degradation Product 499 (M-H") 500
5.9 THPFOS Surrogate 427 M-H") No monitor
6.3 FOSA Qualitative Purposes Only 498 (M-H") No monitor

12,7 Sample analysis

12.7.1 Enter the standard, sample, and QC information into the sequence table. Analyze
calibration standards first, then up to 20 injections, followed by the calibration
standards. If more than 20 injections are to be run, analyze a continuing
calibration standard (CCV) after every 20 injections and run the calibration
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standards again at the end of the sequence. Run solvent (or method) blanks after
the highest calibration standard, before and after the CCV, and after the set of
samples to check for any analyte carryover.

12.7.2 Place standards, samples, and QC (matrix spikes, sample duplicates, and blanks)
into the autosampler tray according to the order they are listed in the sequence.

12,7.3 Identify the electronic acquisition files with an appropriate prefix (e.g. EtFOS).
Do not exceed five characters if the sequence contains more than 99 lines.

12.7.4 Save sequence as analysis date (e.g. on March 14, 1999, save sequence table as
031499.s). Save all data to a subdirectory labeled with analysis date (e.g.
031499).

12.7.5 Start the sequence.

13.0 DATA ANALYSIS AND CALCULATIONS

13.1 Peak Evaluation. Peaks must be symmetric in shape and identified by extracting
compound-specific ions. Peaks considered for calibration must have peak heights greater
than 4 (four) times the baseline noise for that region of the chromatogram. Peak area
integration is from baseline to baseline using automatic or manual integration. N-
EtFOSE alcohol concentrations are calculated using N-MeFOSE-OH as the internal
standards. THPFOS surrogate is used as the “internal standard” to calculate PFOS
concentrations. External standard calibration may be acceptable. Consult with the team
leader for direction prior to performing the external calibration methodology. Document
change in raw data and final report.

13.2 Calculation of Rate Constant (k). Calculate the test analyte concentrations in each of
the pH matrices using the curves obtained from the calibrations. Assuming first-order
kinetics, a rate constant (k) can be determined by plotting:

EtFOSE],
L GE:FOSE]O

concentrations determined at some elapsed time # and at ¢ = 0, respectively. The slope of
the resulting line is k. '

13.3 Target analyte concentrations. Calculate the EtFOSE-OH and PFOS concentrations in
each of the pH matrices using the curves obtained from the calibrations

13.4 Matrix spikes. Calculate the percent recovery for each of the matrix spikes. Calculate
the matrix spike percent recoveries using the following equation:

] versus minus elapsed time (-#). The subscripts ¢ and 0 refer to analyte

% Recovery = (observed spiked sample result — observed sample result) x 100
Actual amount spiked

Using the observed matrix spike recoveries, calculate the average spike recovery.

ETS-8-179.1 Method Page 12 of 18
Prep. of N-EtFOSE Alcohol Hydrolysis Samples and Analysis by HPLC/MS

Page 33 of 83



BACK TO MAIN

3M Environmental Laboratory Report No. W1872

13.5 Sample Duplicates. Calculate the relative percent deviation (%RPD) for the duplicate

samples:
RPD=__ |A-B| _ x100%

(A+B)72

Where A = the concentration measured in the sample
B = the concentration measured in the duplicate

140 METHOD PERFORMANCE

14.1 Coefficient of Determination (r*). The coefficient of determination (r%) for the
calibration curves should be 0.990 or greater. The curves should be examined closely for
linearity and intercept, particularly for accuracy of quantitation at the low and high ends
of the curve. The accuracy of all standards used for calibration must be within 75-125%.
On occasion it may be necessary to use exponential or quadratic fits of the data, usually
when broad range curves (greater than 3 orders of magnitude between the low and high
concentration standards) are used. Document in the raw data the technical justification
for using quadratic equations. Consult with the Team Leader or designee for direction

- and for final acceptance or rejection for the data.

14.2 Calibration Standards. The acceptance criterion for the calibration standards is that the
accuracy of each standard is 75% to 125% of the nominal value. Calibration standards
outside this range are to be considered outliers and excluded from the linear regression. It
may be necessary to use exponential or quadratic fits of the data, usually when broad
range curves (greater than 3 orders of magnitude between the low and high concentration
standards) are used. Document in the raw data the technical justification for using
quadratic equations.

14.3 Internal Standard (IS) and Surrogate. Review of the internal standard and surrogate

performance is performed by averaging the area response throughout the analytical run
and calculating %RSD. Inconsistencies in the internal standard peak area may indicate

instrumental changes over time. Inconsistencies in the surrogate peak area may indicate
instrumental changes, changes in the test-system, or hydrolysis of the surrogate over time.

Consult with the Team Leader or designee for direction and final acceptance or rejection
of the analytical run.

144 Continuing Calibration Verification. If the percent difference for the amount of
quantitated analyte is greater than 25% from the true value relative to the initial standard
curve, the Team Leader should be consulted. Only those samples analyzed before the last
acceptable calibration check standard will be used. Consult with the Team Leader or
designee for direction and for final acceptance or rejection for the data.

145 Selvent Blanks. Solvent blanks should show no more than a 5% carryover from a high
standard or calibration check standard. If so, two solvent blanks may be necessary to rule
out instrumental contamination. If peaks with greater than 25% of the peak area of a low
standard value are observed in sequential solvent blanks, the run should be stopped. This

ETS-8-179.1 Method Page 13 of 18
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is indicative of instrument contamination. The instrument shall be serviced by thoroughly
cleaning the electrospray source, and replacing/cleaning columns, tubing, etc.

14.6 Limit of Quantitation (LOQ). The LOQ is equal to the lowest standard in the
calibration curve that is greater than 4 times the level of the solvent blanks.

147 Sample Duplicates. The analyst shall accept %RPD (See Section 13.5) values < 25%.
%RPD values > 25% should be noted. Appropriate steps must be taken to correct the
problem before analysis is allowed to proceed (e.g. sample re-runs, additional blanks,
etc.). Consult with the Team Leader or designee for direction, and for final acceptance or
rejection of the analytical run.

14.8 Matrix Spikes. The analyst shall accept percent spike recovery values of 100 + 25%.
Spike recoveries outside of this range should be noted. Consult with the Team Leader or
designee for direction, and for final acceptance or rejection of the data. Data that are used
in final report that is deemed out of control will be required to have a technical
justification for why the data are being used, documented in the final report and raw data.

149 Specificity. Analyte specificity is demonstrated by acceptable post-hydrolysis analyte

~ spike recoveries.

14.10 System Suitability. Without performing a method validation, system suitability can be
demonstrated by acceptable instrumental checks (e.g. abbreviated m/z check-tune, or full
auto-tune routines. Consult the appropriate instrumental manuals (Reference 18.3).

15.0 POLLUTION PREVENTION AND WASTE MANAGEMENT

15.1 Dispose of sample waste by placing in high or low BTU containers as appropriate. Use
broken glass containers to dispose of glass pipettes.

15.2 Collect HPLC solvent waste in the satellite accumulation can. Empty into the flammable
storage drum in the hazardous waste collection area on the 2nd floor.

15.3 Use smaller bore columns when possible to minimize waste generation.

16,0 RECORDS

16.1  Print hard copies of all graphics and data analysis summaries for archiving,

16.2 Sign and date all graphics and label with instrument ID.

16.3 Fill out the hydrolysis sample preparation worksheet completely, making sure to include
all initials and dates.

16.4 Print out the sample sequence table, reduce the size with photocopying and tape the
photocopy into the instrument log. Keep the original copy for the raw data files package.

16.5 Print chromatograms and quantification reports for all analyses.

16.6  Print calibration tables and curve information and store in the raw data file.

16.7 Store hydrolysis sample preparation worksheets in the raw data file.

16.8 Enter all standard preparation information in the standards preparation logbook. Make a
photocopy of the logbook page and include the copy in the raw data file.

16.9 Archive electronic data to appropriate media when necessary.

ETS-8-179.1 Method Page 14 of 18
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17.0 ATTACHMENTS

17.1 Attachment A. Representative chemical structures
17.2  Attachment B. Hydrolysis sample logsheet

18.0 REFERENCES

18.1 Fate, Transport and Transformation Test Guidelines Office of Prevention, Pesticides and
Toxic Substances (OPPTS) 835.2110 Hydrolysis as a Function of pH, EPA 712-C-98-
057, January 1998. '

18.2 CRC Handbook of Chemistry and Physics, 15t Student Edition, “Buffer Solutions
Operational Definitions of pH,” Robert C. Weast, Ph.D., 1988, p. D-87.

18.3 Hewlett Packard 1100/MSD instruction CD/ROM

19.0 AFFECTED DOCUMENTS
19.1 None.
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20.0 REVISIONS

Revision Date of

number Reason for revision Revision

001 Resizing of graphics and re-formatting to remove page orphans 03/19/01
ETS-8-179.1 Method Page 16 of 18

Prep. of N-EtFOSE Alcohol Hydrolysis Samples and Analysis by HPLC/MS
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Attachment A. Representative Chemical Structures

N-MeFOSE alcohol (FW = 557) THPFOS
: (FW = 427 (anion))

OH

PFOS (FW =499 (anion)) N-EtFOSE alcohol
(FW = 526)

Counter cation = K" in this study, but may
also be Li*, Ca*?, or DEA (diethanolamine)
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Appendix B: Kinetics Model

This Appendix includes a mathematical description of the kinetics model employed in the
study.
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Kinetics Model

B1. Reaction Components and Rates

The arguments below are based on the following idealized set of reactions representing

the hydrolysis of a parent compound P and its hydrolysis products A, which number N.

The actual hydrolysis reactions that occur under neutral, acidic, and basic conditions are
subsumed in these equations, and are assumed to proceed with pseudo-first order rates

k. (for the parent) and k,_, (for the parent’s hydrolysis products).

kPm
P+ HO ©n, A +Y, (m=1toN)

Kam
A, +HO & Y., (m=1tN)
where the general symbols Y, and Y_, represent all the other hydrolysis products.

B2. Parent Compound Concentrations

Equation B1 indicates that the pseudo-first order differential change in the parent
concentration P is given by

N
dP = —P(Z n_ kpm}dt

m=1

which is equivalent to the separable differential equation

dp N
?__(2 n kPdet

m=1

Equation B4 may be directly integrated to obtain the general solution

1n[P]=(-g n,_ kpmt)+c

With the initial condition P(t = 0) = P, the specific solution to Equation B4 is

N
P =P, exp (—Z n, ko, t]s P, e7*r!

m=1

using the additional definition of the total parent hydrolysis rate

(B1)

(B2)

(B3)

(B4)

(BS)

(B6)
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(B7)

Equation B6 can be re-written in a form that allows a least-squares estimate of the totai

parent hydrolysis rate:
P
kit=—In|— B8
P (Po ] (B8)

Using the initial (t =0) measured value of the parent concentration P, and later values

P measured at later times t, one can calculate and plot the (Iinear) quantity

[—— In (P/PO )] versus time and obtain a least -squares estimate of the slope of the line.

The resulting slope is the least-squares estimate 12,, of the total parent hydrolysis rate.

Equation B6 indicates that over a period of time T/ 12, (the parent hydrolysis half-life) the
parent concentration P is reduced through hydrolysis by a factor of two, where

In(2)

P

A least squares estimate "f’/ﬁ of the parent hydrolysis half-life is therefore available from

. 2
. (B10)
k,

B3. Product Compound Concentrations

The pseudo-first order differential changes in the product concentrations A, (using
Equations B2 and B6) are

dA, =(n_k,P -k, A, )dt =(nk, P, e~k A,)dt (B11)

Am” "m

and the (first order, non-separable) differential equation governing the product
concentrations is

A
dt

+k A = n k, P e . (B12)

The “standard form” of Equation B12 is:
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AL +S(t)A, =Qft) ' (B13)
where the “function”S (t)is actually a constant:
S(t)=k,, - (B14)
and
Q(t)=n_k, P, e . (B15)

The general solution A to Equation B12 is contained in

A, eSO = jQ(t)efs("’“' dt+C (B16)
where
ej's(t)dt - eIS(t')dt' — ekamfdt _ @ Kant (B17)
and
JQ(t)efS(")d" dt +C = nmkPmPoj gkt e®rtdt + C (B18)

There are two cases of Equation B18 to consider. In the circumstance that k,,, = k,;,

which occurs only when the hydrolysis rate of the m™ product is identical to the total
parent hydrolysis rate, the general solution to Equation B18 is

(for k . = kyp)
(B19)
A _e"'=nk, P, t+C

and, using the initial condition A _,(t = O) = A, , the specific solution to Equation18 is

(for k., = kp)
(B20)
Am = (nmkPmPO t+ Amo)e-kpt N

We note that when k, = k, =0 (that is, when both the parent and potential product

are hydrolytically stable), Equation B7 requires (also) that k,,, =0, so Equation B20
becomes
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A=Ay (B21)

indicating, as required, that the product concentration does not change with time.

The circumstance k., = k, is highly improbable, and is neglected in the remainder of
this discussion. However, the reader should bear in mind that the expressions derived
below do not hold when the parent hydrolysis rate k, and the product hydrolysis

ratek ,, approach each other.

In the more probable case, for which k., # k, (i.e. that the hydrolysis rate of the m™

product is different from the total parent hydrolysis rate), the general solution to
Equation B18 is

A ekAmt — nmkPmP()

n e(kAm_kP)t +C
kAm —kP

(B22)

and the specific solution to Equation B18 with the initial condition A _(t=0)=A_,is

k. P k., P
Am =(Amo+ —__——ll;lm_l,lr 0 )e'k"'“t - —_——Zm Pl: 0 e'k"’ . (823)
P Am P Bam

Of greatest interest here is the case in Which the product compounds are known to be
hydrolytically stable, that is, when k, =0 for allm. In this case, Equation B23
becomes

(for hydrolyticaily stable products)

A =A_ + Il—l:—(—l-)—(l etrt) . (B24)
P

B4. Relationships Between the Parent and Compound Concentrations

Equations B7 and B24 can be combined to obtain

(for hydrolytically stable products)

ke =D, Kpny T ekaA ~ Ao (B25)

Z
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so that
(for hydrolytically stable products)
N
B A —A
(1_ekvt)=2.(_.“.‘.—.m_0_). (B26)
m=] PO
or

(for hydrolytically stable products)

N
Kyt = —m[l—z(—A—“‘-;—A—‘L"l] (B27)
m=1 0

If the changes in the product concentrations are all small compared to the original parent
concentration, that is, if

N

A, —A

m m

<<, B28
P, (B28)

m~]

we may use the expression (valid for -1 < X < 1)

1 1 1

nl+X)=X- —X2+=X*-=X*+... (B29)
2 3 4

and Equation B23 becomes

{for hydrolytically stable products and << B

ZA“‘ —AmO
k,t s-[_ ié%f_r_no_) (B30)
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or

{for hydrolytically stable products and ZA‘“ —ALo <<BE)
. A=A, ®31)
k t= :
P P
m=1 0

B5. Parent Half-Life Estimates Based on Limits of Quantification of the Products

In every experimental determination of k,, there is some set of values AL°? (the “limits

of quantitation”) below which the product concentrations A, cannot be reliably
measured. If during an experiment carried out over the period of timeA t all the product

concentrations A, remain below their limits of quantitation, then the maximum possible
value of the rate k, is obtained by assuming (for all the products) that 1) A, =0 and
2) attime t = A t, the product concentrations have increased to the values A _= AL°?.
With these assumptions, the experimental data indicate that the reaction rate k, is less
than some maximum value (k, )max as follows:

(for hydrolytically stable products at concentrations below the limits of quantitation)

N

kp € (Kp)p = L ZA;OQ. (B32)

P, At

m=1

Under the same circumstances and assumptions, the experimental data indicate that the
parent half-life T > (see Equation B9) is greater than the value (T v )min as follows:

(for hydrolytically stable products at concentrations helow the limits of quantitation)

in(2) Sl
T > (vaa )min = o) = At P, In(2) [ZA{;OQ} (B33)

The reader should note that Equations B32 and B33 are valid only when both 1) the
products are hydrolytically stable and 2) the concentrations of all the potential products

are measured. Otherwise, the quantity (k, ). in Equation B32 may not actually
represent the maximum possible value of the rate constant k, , and the related result in
Equation B33 for (T / : )mm is also questionable.

m=1
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B6. Parent Half-Life Estimates Based on Limits of Quantification and
Experimental Precision of Product Concentrations

In certain experiments, some hydrolysis products are present at quantifiable but
essentially constant concentrations over the time (A t) of the experiment. In this case, it

is the experimental precision of the measured product concentrations, rather than the
limits of quantitation, which contribute to the estimate of the maximum value of the

parent hydrolysis rate k. If the set of concentrations measured for the m™ product
have the mean value u , and standard deviation G, , the data do not exclude the
possibility that the product concentration increased from the initial value o, —p _to the
value ¢, +p  attimet= A t. Taking this possibility to be the actual case for the )
measured products, the maximum value of the quantity (A, —A,,) is 26,,. This

reasoning suggests that the following estimate of the maximum parent hydrolysis rate is
appropriate:

{for hydrolytically stable products at either 1) constant measured concentrations with
standard deviation o, or 2) concentrations below the limits of quantitation)

K, < (k) = — { D AR+ zzom}

PO At Below LOQ Constan t (B34)

Under these circumstances and assumptions, the experimental data indicate that the
parent half-life T2 is greater than the value (T v )min as follows:

(for hydrolytically stable products at either 1) constant measured concentrations with
standard deviation o, or 2) concentrations below the limits of quantitation)

-1
™ > (r2) =B _ A p, ln(2){ ) Ay 220,“:' .

(kP )max Below LOQ Constant

The reader should note that Equations B34 and B35 are valid only when both 1) the
products are hydrolytically stable and 2) the concentrations of all the potential products
are measured.

B6. Parent Half-Life Estimates Based on the Experimental Precision of Parent
Concentrations

In certain experiments, the hydrolytic parent remains at an essentially constant
concentration over the time (A t) of the experiment. In this case, it is the experimental

precision of the measured parent concentrations that determines the maximum value of
the parent hydrolysis rate k. If the set of concentrations measured for the parent have

the mean value p, and standard deviation ¢, the data do not exclude the possibility
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that the product concentration increased from the initial value p, — o, to the value

By +0, attimet= A t. This reasoning suggests that the following estimate of the
maximum parent hydrolysis rate is appropriate:

(for essentially constant parent concentrations with mean value W p and standard

deviation G )

26
kp < (kp), ., = " A"t.
P

(B36)

Under these circumstances and assumptions, the experimental data indicate that the
parent hal-life TV? is greater than the value (T2 )min as follows:

(for essentially constant parent concentrations with mean value Iy and standard

deviationG, )

_ (2) _ p, Ati(2)
TV > (1%2) ) . 2o, (B37)

B8. Temperature Dependence of the Reaction Rate and Half-Life

In order to increase the speed of the reactions of interest, we conducted this
experimental study using samples maintained at the temperature 50°C = 323 K. Of
greater interest are the corresponding results for the environmentally important
temperature 25°C = 298 K.

When the Arrhenius activation energy for a reaction is AH, , Equation B38 ®' provides
the following relationship between the hydrolysis rates (k; and k,) for that reaction at two
different absolute temperatures (T,and T,):

_1i=exp A, 1L (B38)
k, R [T, T,

where R = 1.99 x 10° Kcal mole™ K™ is the ideal gas constant. Using the value®?
AH, =18 Kcal/mole, the rate ratio k, /k, at the corresponding temperatures T, =298 K
and T,=323 Kis

K
kZ

18 1 1
=ex - = exp(—2.35) =0.095 B39
p{l.99><10'3 [323 298]} exp( ) (B39)
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Equation B39 indicates that the hydrolysis reactions of interest proceed approximately
ten times more slowly at 25°C than at the chosen experimental temperature of 50°C.
Accordingly, the rate reactions reported here for the temperature 25°C are ten times
lower than those measured at 50°C, and the hydrolysis half-life estimates reported here
for 25°C samples are ten times longer than those calculated from the 50°C experimental
data.

References to Appendix B:

81 |. N Levine, “Physical Chemistry,” McGraw-Hill (New York), pp. 498-501 (1978).

B2 F, Daniels, et al., “Experimental Physical Chemistry”, McGraw Hill (New York),
p.131 (1962).
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Appendix C: Selected Analytical and Kinetics Results

This Appendix includes selected sample data and their related kinetics results.
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Pooled N-EtFOSE Alcohol Data and Slope Regression

0.05
0.00 ¢
-0.05 J
;"? -0.10 ~
8.,
£ -0.15 4
Solid Line: (o] o -,
-0.20 +4 y =-2.62E-03x - 2.30E-02 S
R? = 4.10E-01
-0.25 1 Dashed Lines: 26 limits
(slope and intercept)
-0.30 T ‘r T 7
0 10 20 30 40 50
time (days)
SUMMARY OUTPUT
Regression Statistics
Multiple R 0.640148735
R Square 0.409790403
Adjusted RSq  0.396064508
Standard Erro 0.049834563
Observations 45
ANOVA .
df S8 MS F Significance F
Regression 1 0.074145584 0.074145584 20.85547405  2.18808E-06
Residual 43 0.1067898 0.002483484
Total 44 0180935383
Costheients _ Standard Error TSt Povale . Lower 95% “Upper 95% . Lower 95.0% "~ Upper 95.0%
Intercept -0.023015945 0.013609243 -1.691199513  0.098035438  -0.050461581 0.00442969 -0.050461581 0.00442969
X Variable 1 -0.002617852 0.000479108 -5.464016203 _ 2.18808E-06  -0.003584084 -0.00165164 -0.003584064 -0.00165164
% 26 Slope Uncertainty

37%
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Appendix D: Selected Chromatograms

A representative set of chromatograms from the present study is included in this
Appendix.
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Batch Run # 2 of 56

Data Flle s \HPCHEM\1\DATA\092899\EtFOSOOZ D Sample Name: MeCH Blank
E - F F 3+ 3 2 E 1t 1 1 1 P4 1 b ot T
Injection Date : 9/28/99% 3:10:02 PM Seq. Line : 2
Sample Name : MeOH Blank vial : 91
Acg. Operator : MIM Inj : 1
Acg. Instrument : Instrument 1 '

Acg. Method : C: \HPCHEM\I\METHODS\FOSESIM M
Last changed : 9/28/99 2:49:57 PM by MIM
Analysis Method : C:\HPCHEM\1\METHODS\0824_ 1IS.M
Last changed : 9/5/00 8:28:58 AM by kej

(Results are from a previously saved Batch)
SIM Analysis (ES- y for Et-FOSE-OH, MeFOSE-OH, THPFOS, and PFOS using
4mmx35mm Dionex IonPac NG1 column, S/N 12879.

- = - A . egative
5 Exact Copy of Original Chnomarosnamn SEes
o00 )7 9yl
w] Initial Date

10

min

400 4.
350
300

: 3 ' 3%
a0 ]

. 4203
400

3

380 ]
350
340 4
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Batch Run # 2 of 56 ’

Data File C:\HPCHEM\1\DATA\092899\EtFOS002.D Sample Name: MeOH Blank
Internal Standard Report .
=====================================================================
Sorted By _ : Retention Time :
Calib. Data Mecdified . Tuesday, September 05, 2000 8:28:55 AM
Multiplier : 1.0000
Dilution oot 1.0000
Sample ISTD Information:
ISTD 1ISTD Amount Name
# ppb {ng/ml :
1 402,60000 THPFOS ' -)34/
2 315.60000 MeFOSE-OH A - 7/)4 b
8ignal 1: MSD1 427, EIC=426.5:427.5
Signal 2: MSD1 499, EIC=498.,5:499.5
Signal 3: MSD1 616, EIC=615.5:616.5
Signal 4: MSD1 630, EIC=629.5:630.5
RetTime Sig Type Area Amt /Area Amount Grp Name
[min] o] | | ratio Ippb’(ng/mllA |
' 5.940 1 - - - THPFOS
6.221 2 Co= - - PFOS
8§.355 3 - T - MeFOSE-QOH
8.586 4 - - - EtFOSE-~CH
Totals without ISTD(s) : 0.00000

1 Warnings or Errors

. Warning :'ISTD compound {(s) not found

Area Percent Report
Sorted By H Retention Time
Calib. Data Modified : Tuesday, September 05, 2000 8:28:56 AM
Multiplier : - 1.0000
Dilution : 1.0000
- Peak RetTime Sig Type Area Area Name
LT Y P S [
1 5.940 1 I 0.00000 ' 0.0000 THPFOS
2 6.221 2 0.00000 0.0000 PFOS
3 8.355 3 1 0.00000 0.0000 MeFOSE-OH
4. 8.586 4 0.00000 0.0000 EtFOSE-CH
Totals : , 0.00000

1 Warninas or Errors
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Batch Run # 3 of 56

Data File C: \HPCHEM\1\DATA\O92899\EtFOSDOB D Sample Name: L1 1.5, 155.40
Injection Date : 9/28/99 3:28:12 PM , Seq. Line 3
Sample Name : L1 1.5, 155.40 vial : 1
Acg. Operator : MTM ‘ Inj : 1
Acg. Instrument ; Instrument 1
Acg. Method : C:\HPCHEM\1\METHODS\FOSESIM.M
Last changed : 9/28/9% 2:49:57 PM by MTM : v
Analysis Method : C:\HPCHEM\1\METHODS\0824_11S.M 7))9 /p
Last changed : 9/5/00 8:28:58 AM by kej ‘

(Results are from a prev:.ously saved Batch)
. SIM Analysis (ES-) for Et-FOSE-OH, MeFOSE-OH, THPFOS, and PFOS using
4mmx35mm Dionex IonPac NGl column, S/N 12879.

MTM

WMSDT327, Elmmmmm—
. ' 0

1.
40000 3
35000 4
30000 -
25000 4
20000 -
150003 -
10000 3

5000 3

50000 3
40000 1
30000 4
20000 -
10000 4

o]

Mel

2 4 i
*—msurmwssmwmammmwm Ve

36000

- 25000
20000
15000
10000
5000

0

PR U FUTTY PP PPTTY TETE EPTTE RNy
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Batch Run # 3 of 56

Data File C:\HPCHEM\1\DATA\092899\EtF03003.D

BACK TO MAIN
3M Environmental Laboratory Report No. W1872

Sample Name: L1 1.5, 155.40

o e e b L e e e T T T

R N N N T SN s e e e T R R S S S S S S T S S T eSS S N N I N N T T N N N T S S S e e e e T e

Sorted By

Calib. Data Modified

Multiplier
Dilution - ‘
Sample ISTD Info

ISTD 1ISTD Amount

# ppb (ng/ml

1 402.60000
2 315.60000

Signal 1: MSDl 427,

Signal 2: MSDl 4
Signal 3: MSDl 6

-8ignal 4: MSD1 630,

RetTime Sig Type

[min]

5.925 1 PB
6.207 2 MM
8.313 3 PB
8.538 4 PB

Totals without I

s s R TSNS S RS S S T S R e e s e e e e e Sk e g e i

Retention Time

1.0000
s e 1.0000
rmation:
Name
THPFOS
MeFOSE-OH

EIC=426.5:427.5
EIC=498.5:499.5
EIC=615.5:616.5
EIC=6292.5:630.5

gsg,
16,

Area Amt/Area-;
ratio
I 4.65165e5 1.00000
5973.06250 3.07266e-1
I 8.80788e5 1.00000
5.05275e5 8.83244e-1
STD (s)

e e e e b wm A | e o v o e e e e e  ew e e A e e e

) 7}13//&:

Amount Grp Name

ppb (ng/ml
402.60000 THPFOCS

1.58847 PFOS

315.60000 MeFOSE-CH
159.90937 EtFOSE-OH
161.4978§

P |=-ozmoeas |-mmon e i |

*%% End of Report *#*%

Tuesday, September 05, 2000 8:28:56 AM
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Batch Run # 4 of 56 o
Data File C:\HPCHEM\1\DATA\092899\EtFOS004.D -

R S R S e R S SN S S T s S T T S T T s e s e T I s e

9/28/99 3:46:24 PM
: L2 1.5, 310.80
: MTM :
Instrument 1 ’
: C:\HPCHEM\1\METHODS\FOSESIM.M
9/28/99 2:49:57 PM by MTM

Injection Date
Sampie Name
Acg. Operator
Acg. Instrument
Acg. Method
Last changed :
Analysis Method :
" Last changed : '9/5/00 8:28:58 AM by kej

C:\BPCHEM\1\METHODS\0824_1IS.M

BACK TO MAIN

3M Environmental Laboratory Report No. W1872

Sample Name: L2 1.5, 310.80

Seq. Line : 4
Vial 2
Inj 1
»7 o/ /J,

(Results are from a previously saved Batch)

SIM Analysis (ES-) for Et-FOSE-QH, MeFOSE-OH, THPFOS,

4mmx35mm Dionex IonPac NGl column, S/N 12879.
MTM

and PFOS using

MSUT427 EICE526.5427.5 (U92890E TFOSU0Z, Dy API-ES Négative
40000 @
35000 3
30000 4
25000 4
20000
15000 3
10000 4

egative

Me

8 ' T Y0 o

H

J A\

10 ) min
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BACK TO MAIN
3M Environmental Laboratory Report No. W1872

Batch Run # 4 of 56 L
Data File C:\HPCHEM\1\DATA\092899\EtF050604.D Sample Name: L2 1.5, 310.80

============================:========’=‘==’====S=====s========_—;'=_—:=========
Internal Standard Report

2 o e e e e i ot e o A e ot b e e o M S e e b e o o e o e 2 et e e o et ey et e e e = A e e
e N e e N N T N e e T T S S S S S T S T T N e T RS SR S s T E e

Sorted By , : Retention Time

Calib. Data Modified : Tuesday, September 05, 2000 8:28:56 AM
Multiplier : 1.0000 :

Dilution - : ' 1.0000

Sample ISTD Informatioﬁ: , ' .
ISTD 1ISTD Amount Name ’ )
m ] ppb (ng/ml L ))/'(7/;://0»
1 402.60000  THPFOS 2
2 315.60000 MeFOSE-OH

Signal 1: MSD1 427, EIC=426.5:427.5
Signal 2: MSD1l 499, EIC=498.5:499.5
" 8ignal 3: MSD1l 616, EIC=615.5:616.5
Signal 4: MSD1 630, EIC=629.5:630.5

RetTime Sig Type Area aAmt/Area Amount Grp Name
[min],l | B o | ratic lppb (ng/mll. I
5.927 1 BV I 4,.56303e5 A 1.00000 402.60000 THPFOS
6,218 2 PB 4,24807e4 3.52850e-1 13.22520 PFOS
8.320 3 BB I 8.73131e5 ~1.00000 315.60000 MeFOSE-OH
8.545 4 PB 9.5773%e5 9.01077e-1 . 311.93664 EtFOSE-OH
Totals without ISTD(s) : 325.16184

*%%* Bnd of Report **%
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BACK TO MAIN
3M Environmental Laboratory Report No. W1872

Batch Run # S of 56

Data File C: \HPCHEM\l\DATA\092899\Et:FOSOOS D Sample Name: L3 1.5, 466.20
Injection Date : 9/28/99 4:04:35 PM Seq. L:Lne : 5
Sample Name + L3 1.5, 466.20 vial : 3
Acg. Operator s MTM : Ini : 1
Acg. Instrument : Instrument 1 :
Acqg. Methed : C:\HPCHEM\1\METHODS\FCSESIM.M

Last changed : 9/28/99 2:49:57 PM by MIM
Analysis Method : C:\HPCHEM\1\METHODS\0824_1IS.M
Last changed : 9/5/00 8:28:58 AM by kej

(Results are from a previously saved Batch)

)W/”" b

8IM Analysis (ES-) foxr Et-FOSE-OH, MeFOSE-OH, THPFOS, and PFCS using

4mmx3Smm Dionex IonPac NGl column, S/N 12879.

MTM

40000 3 2
35000 3
30000
25000 5
20000 3
15000 4
10000
5000 3
0

- g

3 3

19 min

T T B

7000 ’
6000
5000
4000
' 3000
2000
1000

———

10 min

10 mir
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BACK TO MAIN

3M Environmental Laboratory Report No. W1872

Batch Run # 5 of 56

Data File C:\HPCHEM\1\DATA\092899\EtFOS005.D Sample Name: L3 1.5, 466.20
Internal Standard Report -
~Sorted By : . Retention Time
Calib. Data Modified :- Tuesday, September 05, 2000 8:28:56 AM
Multiplier Tt 1.0000 '
Dilution : 1.0000

Sample ISTD Information:
ISTD ' ISTD Amount  Name ’

i BT |ozomsees femmeememenee e | g/
1~ 402.60000 THPFOS - ‘
2 315.60000 MeFOSE~-CH
Signal 1: MSD1l 427, BIC=426.5:427.5
Signal 2: MSD1 499, EIC=498.5:499,5
Signal 3: MSD1l 616, EIC=615.5:616.5
Signal 4: MSDl1 630, EIC=629.5:630.5.
RetTime 8ig Type. . Area Amt /Area Amount  Gxp Name
[min] : ratio ppb (ng/ml
5.828 1 BE ‘ I’4,47867e5 1.00000 402.60000 THPFOS
6.217 2 BB 8.87226e4 3.56716e-1 28.44983 PFOS
8.322 3 PB I 8.68287e5 1.00000 315.60000 MeFOSE-OH
8.546 4 PV 1.39693e6 9.07298e-1 460.67730 EtFOSE-OH
Totals without ISTD(s) : 489.12723
B T T T T T T T T T Y L T

*%+ End of Report #**#*
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BACK TO MAIN
3M Environmental Laboratory Report No. W1872

Batch Run # 6 of 56

Data File C:\HPCHEM\1\DATA\092899\EtFOSOO6.D Sample Name: 14 1.5, 621.60

" Injection Date  : 9/28/99 4: 22 47 PM Seqg. Line : 6

Sample Name :+ L4 1.5, 621.60 : Vial : 4

Acg. Operator : MTM Inj : 1

Acg. Instrument : Instrument 1 )

Acg. Method- : C:\HPCHEM\1\METHODS\FOSESIM.M .
Last changed : 9/28/99 2:49:57 PM by MM W,
Analysis Methed : C: \HPCHEM\I\METHODS\0824 1IS.M {

Last changed : 9/5/00 8:28:58 AM by kej /IG’W

(Results are from a previously saved ‘Batch)
SIM Analysis (ES-)} for Et-FOSE-OH, MeFOSE-OH, THPFOS, and PFOS using
4mmx35mm Dionex IonPac NG1 column, S/N 12879.

——msmmmzsmmwwm

40000 %
35000 3
30000 o
25000 3 . .
20000 3 : '
15000 4 : : _
10000 v , .
5000 3
[ - - . - - - -

? , ‘ _
8000 :
1
6000-:
4000 3 o .
‘ ' C 1 R Y
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BACK TO MAIN

3M Environmental Laboratory Report No. W1872

Batch Run # 6 of 56 - ’
Data Flle C: \HPCHEM\l\DATA\092899\EtF05006 D Sample Name: L4 1.5, 621.60

Internal Standard Report ——————

B O L L T T o ey T TR FrEe o JPe oy e EoL T TF (e SR op N r Sy

Sorted By : Retention Time

Calib. Data Modified : .. Tuesday, September 05, 2000 8:28:56 AM’
Multiplier : 1.0000 :

Dilution 1.0000

Sample ISTD Informatlon
ISTD ISTD Amount Name
# ppb (ng/ml

17 402.60000 THPFOS

2 315.60000 MeFOSE-OH ' 9 1 o0

Signal 1: MSD1 427, EIC=426.5:427.5

Signal 2: MSD1 499, EIC=498.5:499.5

Signal 3: MSDl1 616, EIC=615.5:616.5

S8ignal 4: MSD1l 630, EIC=629.5:630.5

RetTime Sig Type Area Amt/Area Amount Grp Name
[min] | ' | : . ratio ppb (ng/ml
5.926 1 BB I 4.5181165 1.00000 402.60000 THPFOS
6.215 2 VB 1.12072e5  3.57406e-1 35.69254 PFOS
8.534 3 BB I 3.00552e4 1.00000 315.60000 MeFOSE-OH
8.546 4 PP 1.86971e6 9.20283e-1 1.80657e4 EtFOSE—OH

Totals without ISTD(s) : S . 1.81014e4

*%% End of Report * ok k

Page 71 of 83



BACK TO MAIN
3M Environmental Laboratory Report No. W1872

Batch Run # 7 of 56

Data File C:\HPCHEM\1\DATA\092899\EtFO8007. D Sample Name: L5 1.5, 777.00
=======¥==============================================================
Injection Date : 9/28/99 4:41:01 PM Seg. Line : 7
Sample Name : L5 1.5, 777.00 : vial : 5
Acg. Operator : MIM - Inj 1
Acg. Instrument : Instrument 1 X
Acg. Method : C: \HPCHEM\l\METHODS\FOSESIM M : Y-

Last changed : 9/28/99 2:49:57 PM by MTM o ‘ >
Analysis Method : C: \HPCHEM\l\METHODS\0824 1IS.M _ ﬂ/‘)‘,
Last changed : 9/5/00 8:28:58 AM by kej 7

(Results are from a previously saved Batch)
SIM Analysis (ES-) for Et-FOSE-OH, MeFOSE-CH, THPFOS, and PFOS us:u.ng
4mmx35mm Dionex IonPac NGl column, S/N 12879. :

MTM . .
MSDT 327, EIC=426,5:427.5 (092B9RETFOS007.0) APFES Negative

700
800
§00
400
300

14000 . ' »
12000 4
10000 3
8000 4
000 3
40004
2000 3

0

——‘MSWTG‘EC"STS'E%TGSIUMWEIFUSUWAD) APFES Negative LI - _ s ] 10 mm

50000 j
40000 3
300004
20000 4
10000

0

= S
T NISDTS30; EICS5255:630.5 (U9ZBIUETFUSI0T D] APTES Negatve
140000
120000 .
100000 -3
80000 4
60000 4
40000 ]
20000

[~
=
o

L wons
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Batch Run # 7 of 56

Data File C:\HPCHEM\1\DATA\092899\EtF0S007.D

Internal Standard Report
- Sorted By Retention Time
Calib. Data Modified : Tuesday, September 05, 2000 8:28:56 AM
Multipliexr t 1.0000 . ‘
Dilution 1.0000
Sample ISTD Informatlon- \ o
ISTD ISTD Amount Name
# ppb (ng/ml ))4,
1 402.60000 THPFOS
2 315.60000 MeFOSE-OH 9
Signal 1: MSD1l 427, EIC=426.5:427.5
Signal 2: MSD1l 499, EIC=498.5:499.5
Signal 3: MSD1 616, EIC=615.5:616.5
Signal 4: MSD1l 630, EIC=629.5:630.5
RetTime Sig Type Area Amt/Area Amount Grp  Name
[min] 1 ‘l o Co | ratio Ippb (ng/mli |
5.940 1 L - - - '~ THPFOS"
6.213 2 BB 1.67565e5 - ¢.00000 0.00000 PFOS
8.318 3 PB I 8.56724e5 1.00000 315.60000 ~ MeFOSE-OH
8.544 4 PB 2.34711e6 9.12800e-1 789.23438 EtFOSE-~OH
Totals without ISTD(s) : 789.23438
.2'Warﬁings_or_Errors :
Warning : ISTD compound (s) not found - .
Warning : Negative regults set té zero (cal. curve intercept),

BACK TO MAIN
3M Environmental Laboratory Report No. W1872

"Sample Name: L5 1.5,

**% End of Report #***

(

H}W

777.00
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BACK TO MAIN

3M Environmental Laboratory Report No. W1872

Batch Run # 8 of 56

Data File C: \HPCHEM\l\DATA\O92899\EtFOSO{)8 D : Sample Name: L& 1.5, 932.40
Injection Date : 9/28/99 4:59: 12 PM Seqg. Line : 8
Sample Name : 16 1.5, 8932.40 vial : 6
Acg. Operator  : MTM ~ Inj : 1
Acg. Instrument : Instrument 1
Acq. Method : C:\HPCHEM\1\METHODS\FOSESIM.M I A
Last changed  : 9/28/39 2:49:57 PM by MTM _ ﬁ//aa
Analysis Method : C:\HPCHEM\1\METHODS\0824_ 1IS.M 07/
Last changed - : 9/5/00 8:28:58 AM by kej

{Results are from a previously saved Batch)
SIM Analysis (ES-) for Et-FOSE-OH, MeFOSE-OH, THPFOS, and PFOS us:l.ng
4mmx35mm Dionex IonPac NGl column, S/N 12879.

MTM )
r—_mmmmmmmmpmsw

40000 'i :
35000
30000 3
25000
20000 3
15000 5
10000 3

04

14000 4

100003

-—msmwmmmmgmmm - : 4 : -
50000 3

40000 ]
30000 J
20000

10000

0

Me]

s T X &

T MSDE30; EICTE29.5:630°5 (092899 TFUSU0B DY APFES Negatve
1600004 -
440000 3
120000 -
100000
80000 3
60000 3
40000 3
20000 3
04

1
o
:

10 i
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BACK TO MAIN
3M Environmental Laboratory Report No. W1872

Batch Run # 8 of 56
Data File C:\HPCHEM\1\DATA\092895\EtF0S008.D _ Sample Name: L6 1.5, 932,40

=====================================================================

Internal Standard Report

Sorted By : Retention Time

Calib. Data Modified : Tuesday, September 05, 2000 8:28:56 AM
Multiplier : 1.0000 o
Dilution : 1.0000

Sample ISTD Information:
ISTD ISTD Amount Name

# ppb (ng/ml | _ . 9 X
1 402.60000  THPFOS ' 7/)'//3"
2 315.60000 MeFOSE-OH ‘ . : 4 o
Signal 1: MSD1l 427, BIC=426.5:427.5
Signal 2: MSD1 499, EIC=498.5:499.5
Signal 3: MSDl1 616, EIC=615.5:616.5
Signal 4: MSD1l 630, EIC=629.5:630.5"
RetTime Sig Type Area Amt/Area Amount . Grp Name
[min] , ratio ppb {ng/ml
5.927 1 BB I 4;6097665‘ - 1.00000 402.60060 THPFOS S
6.215 2 VB 2.10524e5 3.58656e-1 65.94394 PFOS
8.323 3 PB I 8.87024e5 1.00000 315.60000 MeFOSE-CH
- 8.546 4 BV 2.91155e6 . 9.140%4e~1 946.92850 EtFOSE-CH

Totals without ISTD(s) : , T 1012.87244

#%% End of Report ***
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BACK TO MAIN
3M Environmental Laboratory Report No. W1872

Batch Run # 9 of 56

Data File C \HPCHEM\l\DATA\O92899\EtF08009 b Sample Name: MeOH Blank
Injection Date : 9/28/99 5:17:26 BPM Seqg. Line : 9
Sample Name - : MeOH Blank vial : 91
Acg. Operator : MTM ) Inj : 1
Acg. Instrument : Instrument 1
Acqg. Method : C:\HPCHEM\ 1\METHODS\FOSESIM.M
Last changed - : 9/28/99 2:49:57 PM by MTM - N
Analysis Method : C:\HPCHEM\1\METHODS\0824 1IS.M 1 N
Last changed : 9/5/00 8:28:58 AM by kej

(Results are from a previously saved Batch)’
SIM Analysis (ES-) for Et-FOSE-OH, MeFOSE-OH, . THPFOS, and PFOS using
4mmx35mm Dionex IonPac NGl column, 8/N 12879.

MTM
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Batch Run # 9 of 58

Data File C:\HPCHEM\1\DATA\092899\EtFOS009.D

BACK TO MAIN

3M Environmental Laboratory Report No. W1872

Internal Standard Report N 3
Scorted By : Retention Time
Calib. Data Modified Tuesday, September 05, 2000 8:28:56 AM
Multiplier 1.0000 . ‘ ]
Dilution 1.0000
Bample ISTD Informatlon Co
ISTD ISTD Amount  Name
# ppb (ng/ml ))2)'
1 = 402.60000 THPFOS 7/!4}”
2 . 315.80000 MeFOSE~OH
Signal 1: MSD1 427, EIC=426.5:427.5
Signal 2: MSD1l 499, EIC=498.5:45%9.5
Signal 3: MSDl 616, EIC=615.5:616.5
Signal 4: MSD1l 630, BIC=629.5:630.5
RetTime Sig Type Area Amt /Area Amount Grp Name
fmin) | | ratio Ippb {(ng/ml
5.940 1 ‘ - - - THPFOS
6.221 2 - - - - PFOS
8.355 3 - - . - . MeFOSE~-OH
8.586 4 - - EtFOSE-OH
Totals without ISTD(s) . 0.00000

1 Warnings or Errors

" Warning : ISTD compound(s) not found

B e a1 2 o 3 bt ]

£ 11—+ 13 1 -2 3 1 4§ 3 F & % 333
Sorted By :
Calib. Data Modified :

Multiplier
Dilution

Peak RetTime Sig Type

# [min] |
RN D | =~====
1 5.940 1 I
2 &§.221 2
3 8.355 3 T
4 8.586 4
Totals

1 Warninas or Errors

TSRS asSsomRRSEES :

o e e o e g i e v e i e e e e B S

Area Percent Report

L e e et e e e e

Retention Time

Tuesday, September 05, 2000 8:28: 56 AM
1.0000

1.0000

0.00000 0.0000 THPFOS
0.00000  0.0000 PFOS
0.00000 0.0000 MeFOSE-~CH
0.00000 0.0000 EtFOSE-OH

0.00000

Sample Name: MeOE Blank
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BACK TO MAIN
3M Environmental Laboratory Report No. W1872

Batch Run # 23 of 56

Data File C:\HPCHEM\1\DATA\092899\EtFOS023.D Sample Name: EFA-073

Injection Date : 9/28/99 9:32:40 PM Seq. Line :- 23

Sample Name : EFA-073 Vial : 23

Acq. Operator : MTM Inj = 1

CAcq. Instrument : Instrument 1

Acqg. Method © 3 C:\HPCHEM\ 1\METHODS\FOSESIM.M S W
Last changed -: 9/28/99 2:49:57 PM by MIM >
Analysis Method : C:\HPCHEM\1\METHODS\0824_1IS.M I)L] »
Last changed : 9/5/00 8:28:58 AM by kej 9

(Results are from a previously saved Batch)
SIM Analysis (ES-) for Et-FOSE-OH, MeFOSE-OH, THPFOS, and PFOS using
4mmx35mm Dionex IonPac NG1 column, S/N 12879. :

50000 3
40000 4
30000 4
20000
10000 4

T MSDT 30, EICTE Y 5530 5 (0S2SONETFOSUZSD) APFES Negatve 8 - 0 my
80000 3 . . : T
70000 -
60000 3 .
50000 : : . : i
40000 4 .
30000
20000 3
10000 J
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BACK TO MAIN
3M Environmental Laboratory Report No. W1872

Batch Run # 23 of 56

Data File C:\HPCHEM\1\DATA\092899\EtFOS023.D ' éample Name: EFA-073
Internal Standard Report
. Borted By : Retention Time _
Calib. Data Modified : Tuesday, September 05, 2000 8:28:56 AM
Multiplier : 1.0000 o ‘
Dilution. : 1.0000 ‘
Sample ISTD Information: ' ]
ISTD ISTD Amount Name : ’ . DDZ’
# ppb (ng/ml .‘
el st |-mommmm oo 9 W »
1 402.60000 THPFOS . : )
2 315.60000 - MeFOSE-OH. ‘
Signal 1: MSD1l 427, ELC=426.5:427.5
Signal 2: MSDl 489, EIC=498.5:499.5
Signal 3: MSDl 616, EIC=615.5:616.5
Signal 4: MSDl1l 630, EIC=629.5:630.5
RetTime Sig Type Area Amt /Area Amount Grp Name
{min] . }I » ratio - ppb {(ng/mli :
5.926 1 BB I-4.64774e5 1.00000 402.60000 THPFOS
6.221 2 - - - ' PFOS
8.326 3 VB I 8.48397e5 1.00000 315.60000 MeFOSE-CH
8.550 4 BB 1.33227e6 95.06971e-1 449i49185 . ELtFOSE-OH
Totals without ISTD(s) : ' 449.49185

1 Warnings or Errors
. Warning : Calibrated compound(é) not found

EoErrs o s e e S s S S s et S RN S S S T S S e e S e e

*%% End of Report ***
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BACK TO MAIN
3M Environmental Laboratory Report No. W1872

Batch Run # 24 of 56

Data File C:\HPCHEM\1\DATA\092899\EtFOS024.D Sample Name: EFA-074
Injection Date : 9/28/99 9:50:54 PM Seq Line : 24
Sample Name : EFA~074 ' Vial : 24
Acqg. Operator : MTM Inj : 1
Acg. Instrument : Instrument 1 )
Acg. Method : C:\HPCHEM\1\METHODS\FOSESIM.M .
Last changed : 9/28/99 2:49:57 PM by MIM w7
Analysis Method : C: \HPCHEM\].\METHODS\OSZé 1IS8.M }[{}/})
Last changed : 9/5/00 8:28:58 AM by kej : 7 :

{(Results are from a previocusly saved Batch)
SIM Analysis (ES-) for Et-FOSE-OH, MeFOSE-OH, THPFOS, and PFOS us:Lng
4mmx35mm Dionex IonPac NG1 column, S/N 12879.

( MSDT 327, ETC=4 26542775 (WI2B9TETFOSUZA D] APTES Negatve
A . 0

T : T R
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BACK TO MAIN
3M Environmental Laboratory Report No. W1872

Batch Run # 24 of 56

Data File C:\HPCHEM\1\DATA\022895\EtFOS024.D Sample Name: EFA-074
Internal Standard Report ‘
Sorted By : Retention Time
Calib. Data Modlfled : . Tuesday, September 05, 2000 8:28:56 AM
Multiplier - . H 1.0000
Dilutien ' 1.0000

_Sample ISTD Informatlon.
ISTD 1ISTD Amount Name
# | ppb (ng/ml

R e T I LU

1 402.60000-  THPFOS , ' T
2 315.60000 MeFOSE-CH (@

: ‘MSD1 427, EIC=426.5:427.5

Signal 1

Signal 2: MSD1 499, EIC=498.5:499.5

Signal 3: MSDl 616, EIC=615.5:616.5

Signal 4: MSD1 630, EIC=629.5:630.5

RetTime Slg Type Area Amt/Area Amount Grp  Name
[min] ) ratio ppb (ng/ml
5.825 1 BB I 4.56350e5 1.00000 402.60000 THPFOS
6.221 2 i - : - - PFOS.
8.3292 3 BB I 8.55992e5 1.00000 315.60000. MeFOSE-OH .
8.555 4 PR - 1.28265e6 D9.06316e-1 428.60235 EtFOSE~OH

Totals without ISTD(s) : 428.60235

1 Wariiings or Errors
Warning : Calibrated compound(s) not found

e T o e LT L L T o e e Y E T P L e e T e Y T

*%% End of Report ***
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BACK TO MAIN
3M Environmental Laboratory Report No. W1872

\tch Run # 25 of 56

Data File C:\HPCHEM\ 1\DATA\ 09289%\EtF0S025.D Sample Name: EFA-075
Injection Date : 9/28/99 10:09:06 PM Seg. Line : 25
Sample Name : EFA-075 vial : 25
Acg. Operator : MTM o Inj : 1
Acg. Instrument : Instrument 1
Acg.: Method : C:\HPCHEM\1\METHODS\FOSESIM.M )Dﬁ/'
Last changed : 9/28/99 2:49:57 PM by MTIM ' ‘ ﬂﬁ
Analysis Method : C:\HPCHEM\1\METHODS\0824_ 1IS.M 7/”/
Last changed : 9/5/00 8:28:58 AM by kei

(Results are from a previously saved Batch)
SIM Analysig (ES-) for Et-FOSE-OH, MeFOSE-OH, THPFOS, and PFOS using
4mmx35mm Dionex IonPac NGl column, S/N 12879. :
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Batch Run # 25 of 56

Data File C:\HPCHEM\1\DATA\092899\EtFOS025.D

BACK TO MAIN
3M Environmental Laboratory Report No. W1872

- Sample Name: EFA-075
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Internal Standard Report

Sorted By Retention Time

Calib. Data MOdlfled Tuesday, September 05, 20

Multiplier 1.0000

Dilution 1.0000

Sample ISTD xnformatlon

ISTD ISTD Amount Name
# ppb (ng/ml
1 402.60000 - THPFOS
2 315.60000 . MeFOSE-OH

Signal 1: MSD1 427, EIC=426.5:427.5

Signal 2: MSD1 499, EIC=498.5:499.5

Signal 3: MSDl 616, EIC=615,5:616.5

Signal 4: MSD1 630, EIC=629.5:630.5

RetTime Sig Type " Area Amt/Area Amount  Grp
[min] | f. ratio ppb (ng/ml
5.923 1 BB I 4.64731e5 1.00000 402.60000
6.221 2 - - -
8.332 3 PB I 8.46072e5 1.00000 315.60000
8.559 4 MM 1.80524e6 9.10577e~1 €13.16914

Totals without "ISTD(s) 613.16914

1 Warnings or Exrors :

Warning

: Calibrated compound (g) not found

00 8:28:56 AM

PFOS
MeFOSE-CH
EtFOSE-OH
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