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Introduction

EPA has conducted testing of agricultural sites in Alabama where sewage sludge was applied from
a local wastewater treatment plant that receives wastewater from numerous industrial sources,
including facilities that manufacture and use perfluorooctanoic acid (PFOA) and other
perfluorinated chemicals (PFCs). The results from the initial limited testing indicated elevated
levels of PFCs in the sewage sludge and the soil that received the sewage sludge. Asa result, EPA
conducted sampling of public drinking water, private wells, springs, ponds, and soil in the area. In
January 2009, EPA developed drinking water Provisional Health Advisories for PFOA and
perfluorooctane sulfonate (PFOS) (Reference No. 1) to provide information in response to an
urgent and rapidly developing situation. These short term Provisional Health Advisories reflect
reasonable, health-based hazard concentrations above which action should be taken to reduce
exposure to unregulated contaminants in drinking water. The Provisional Health Advisories are
0.4 ppb (400 ng/L) for PFOA and 0.2 ppb (200 ng/L) for PFOS. The levels of PFOA and PFOS
recently analyzed in community water systems in Lawrence and Morgan Counties were all lower
than 0.04 ppb (2).

EPA conducted a small scale reconnaissance screening level study in which Region 4 staff
collected a limited number of groundwater and surface water samples during the period of
February 16 — 19, 2009. A total of 51 samples collected from surface and potable water sources
were submitted for PFC analysis. Analyses were performed in EPA’s Office of Research and
Development (ORD) laboratory to assess if perfluorochemicals have migrated into private
drinking water supplies, ponds, and streams in the affected area. The purpose for collection and
analyses of these 51 samples was to determine if the concentrations of PFOA and PFOS were at
or above the Provisional Health Advisory levels. These analyses were not intended to measure
low levels of the PFCs that may be present at concentrations below the calibration range discussed
in this document.
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This report provides a description of the methods used for the collection and analyses,
documentation of the quality control samples, and the resulting measured concentrations of the
selected perfluorinated chemicals, including PFOA and PFOS, measured in the 51 water samples
submitted by EPA Region 4 for analysis.

Methods
Sample Collection

The field portion of this study was conducted by USEPA Region 4 personnel following the
procedures established in their Quality Assurance Project Plan (QAPP) entitled “Land Application
Site Near Decatur, Alabama — Private Wells Perfluorinated Compounds Study” (3). The
Perfluorinated Chemicals (PFC) laboratory in the National Exposure Research Laboratory
(NERL) of ORD, located in Research Triangle Park, NC, prepared and sent Region 4 personnel the
materials used for the collection of these samples. Sampling materials were shipped to Region 4
personnel on February 11, 2009. The shipment consisted of five individual shipping containers,
with each container holding one prepared field blank, two prepared field spikes (one with each
target analyte listed in Table 1 at 200 ng/L and another with each target analyte at 400 ng/L), and
12 pre-cleaned (triple rinsed with methanol and dried) 1-L HDPE (Nalgene) sampling bottles. A
few additional wide-mouth containers were also included for use as water transfer vessels in cases
where source access might make direct filling of the narrow-mouth sampling bottles difficult.

The selection of sampling locations and the collection of the surface and well water samples were
the responsibility of Region 4 personnel. Methods used for sample collection are outlined in the
NERL/HEASD SOP No. EMAB-113-0 entitled “Sample Collection Protocol for PFCs in Surface
and Well Water (4). The specific sampling method was dependent on the source of water being
sampled; however, the basic process involved rinsing the collection bottle with three volumes of
water followed by filling on the fourth iteration and adding 5 mL of 35% nitric acid as a
preservation agent. Duplicate samples were collected at a rate of 10%. Samples were labeled with
unique codes as well as the appropriate information providing time, date, location and water
source type. Samples were maintained at ambient temperature after collection. All samples were
shipped on February 20, 2009 to the RTP PFC laboratory for analysis, with chain of custody (CoC)
forms recording collection, shipment, and receipt (Appendix 1).

Sample Analysis

Analysis of samples was conducted by the RTP PFC team following the procedures established in
the NERL/HEASD Quality Assurance Project Plan entitled “The Analysis of Screening Surface
and Well Water Samples for Selected Perfluorinated Compounds from Decatur, Alabama” (5).
The chemical analyses were performed using the method outlined in SOP # EMAB 114.0
“Improved Method for the Extraction and Analysis of Perfluorinated Compounds (PFCs) from
Surface and Well Water by Ultra-High Performance Liquid Chromatography (UPLC)-Tandem
Mass Spectrometry (MS/MS)” (6).
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Actual water volumes were determined, sample containers were rinsed with methanol and the
rinsate combined with the original water sample. The sample was then spiked with an internal
standard mixture. Waters Oasis WAX solid phase extraction (SPE) cartridges were used for the
retention and purification of the target PFCs. After capture and washing, the target PFCs were
eluted from the SPE cartridges and the eluates were analyzed using a UPLC-MS/MS operated in
negative electrospray ionization (ESI) mode.

For the analyses of these water samples, a method previously developed for trace level analysis (7)
was modified to measure midlevel concentrations (10 -1000 ng/L) of the target analytes to allow
for more accurate comparison with the Provisional Health Advisories for PFOA and PFOS (400
ng/L and 200 ng/L, respectively). To achieve this purpose, it was necessary to calibrate the
LC/MS/MS over a range of concentrations from 10 to 1000 ng/L. Quantitation was performed
using a multipoint calibration curve and internal standard calculation. The Limit of Quantitation
(LOQ) of the modified method, defined as the lowest point on the standard curve which
back-predicted within +30% of the theoretical value, was determined to be 10 ng/L (0.01 ppb) for
all compounds except the C7 and C10 acids, which were 50 ng/L (0.05 ppb). It should be noted
that the LOQ for these 51 water samples is much higher than the LOQ of 0.2 ng/L determined for
the previously developed trace level method (7) and was based on the lowest calibration standard.
The limit of detection (LOD) and LOQ have been defined in a number of ways in the scientific
community, including EPA’s Occupational and Residential Exposure Test Guidelines (8). The
EPA Office of Prevention, Pesticides and Toxic Substances’ (OPPTS’) preferred procedure is to
define LOD as the concentration having a signal-to-noise ratio of 3, and LOQ as 3.3 times the
LOD. These are considered typical and acceptable definitions for LOD and LOQ. However, for
the purposes of these analyses to identify samples with concentrations at or above 200 ng/L, the
use of the higher LOQ was reasonable and most expeditious for reporting the measurement results.

Table 2 is a summary of the LC/MS/MS parameters used in this assessment.

Analyte concentrations were determined using the stable-isotope internal standard method using
the response of the analyte (peak area counts) divided by the response of the internal standard to
calculate unknown concentrations. Appendix 2 contains the standard curves used to calculate the
concentrations of the samples measured in this survey.

Quality Control

The collection and analytical processes included prescribed quality control (QC) procedures to
document data quality and assay performance. These QC procedures included the following:

Field Blanks

Field blanks were used to monitor for potential contamination in all steps of the process, to include
the purity of all reagents used, possible contamination of sample storage bottles, potential
contamination associated with shipping and sample collection procedures, and possible
contamination during sample preparation and analysis in the laboratory. Field blanks were
prepared in the RTP PFC laboratory by filling pre-cleaned 1 L collection bottles with deionized
laboratory grade water, previously determined to be PFC-free. The samples were preserved with
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the addition of 5 mL of 35% nitric acid, and shipped into the field with the empty containers
designated for collection of field samples. The field blanks were included at a rate of 10% of all
planned samples.

Field Spikes

Field spikes were used to monitor how sample preparation, collection, storage, and analysis
procedures potentially influence target analyte recovery. Field spikes were prepared at low (200
ng/L) and high (400 ng/L) levels of all of the compounds on the target list (Table 1). These
samples were preserved with the addition of 5 mL of 35% nitric acid and shipped into the field
with the empty containers designated for collection of field samples. Both low and high level field
spikes were included at a rate of 10% of all planned field samples (e.g., 5 low level and 5 high level
spikes).

Field Duplicates

Field duplicates were used to document precision (repeatability) of the entire process, to include
potential variability in reagents, sample storage bottles, differences in sample collection
technique, and possible variation in sample processing in the laboratory during analysis.
Duplicate surface and well water samples were collected at a rate of 10% of all planned field
samples.

As part of the laboratory analysis, QC procedures included:

Matrix Blank

Field samples that have high concentrations of the target analytes may need to be diluted before
they can be accurately measured in the laboratory. It is therefore necessary to determine that this
diluent (blank matrix) is free of potential contamination. A matrix blank sample was prepared in
the RTP PFC laboratory by filling a pre-cleaned 1 L collection bottle with deionized laboratory
grade water, previously determined to be PFC-free, and adding 5 mL of 35% nitric acid. After
addition of the internal standard mix, this material was analyzed and determined to be free of
potential contaminants before it was used as a diluent for samples that had concentrations of PFOA
that exceeded 1000 ng/L in the preliminary screening analysis.

Solvent Blanks

Solvent blanks containing unprocessed methanol (MEOH) and 2 mM ammonium acetate at a ratio
of 1:3 were analyzed to assure that the primary solvents used in the LC mobile phase were not
contaminated with any of the target PFCs.

Fortified Water Samples

Water samples fortified with target analytes (standard addition) were prepared at a rate of 10% of

all field samples. After successful analysis of the first 500 mL portion of selected 1 L samples, the
remaining portion received a spike of the native standard solution containing all target analytes
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equivalent to 400 ng/L for each of the individual analytes. These samples were prepared to
provide assurance that retention times, quantitiation and qualification ions, and calibration
procedures were consistent between unknown and fortified samples.

Quantitiation and Qualification lon Ratios

For each target analyte in the field samples, quantitiation and qualification ions were monitored
and compared with the quantitiation and qualification ion ratios observed in the standards used to
construct the standard curves. If the quantitiation/qualification ion ratio of the field samples
differed by more than 2 standard deviations from the standard curve points, the sample was
flagged and examined for potential errors associated with inappropriate peak integration, retention
time, or ion suppression/enhancement. (Sufficient quantities of qualification ions were not
produced for the C4 and CS5 acids to allow for this analysis).

Method Deviations

The analytical procedures outlined in SOP # EMAB 114.0 “Improved Method for the Extraction
and Analysis of Perfluorinated Compounds (PFCs) from Surface and Well Water by Ultra-High

Performance Liquid Chromatography (UPLC)-Tandem Mass Spectrometry (MS/MS)” (6) were

followed, with minor changes to improve performance.

Modification to SPE Elution

The original analytical protocol (single elution method) was designed to measure comparatively
low levels (< 50 ng/L) of the target PFCs in surface water. The elution step was tailored to extract
low levels of the target compounds from the SPE cartridge without removing other compounds
that interfere with target ion ionization. Because this application of the analytical method focused
on comparatively high levels of the PFCs, avoiding low levels of co-eluting interferences was not
a substantial concern in this case and after an initial analysis of the extracts, it was observed that
ion counts for the internal standards and native standards for some of the samples were lower than
expected, possibly adversely impacting the precision and accuracy. It was decided, therefore, to
use a more aggressive extraction procedure to increase signal, thereby improving sample accuracy
and precision. Operating on the hypothesis that analyte recovery from the SPE cartridge was
lower than expected, each cartridge was re-eluted with an additional 4 mL of elution solvent
described in section 10.4.5 of the analytical SOP. This additional extract was combined with the
initial extract, and the combined total was concentrated to a volume of 3 mL. This combined and
concentrated extract was mixed with buffer and reanalyzed, giving greater ion counts and a
corresponding increase in precision and accuracy.

Sample Batch Size
Samples were prepared and analyzed as a single batch containing all samples, QC samples, and

calibration standards. This served to eliminate batch to batch variability, thereby improving
precision of the analytical process.
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Results
Sample Completeness

As indicated in Table 3, all field samples were collected by Region 4 field personnel and analyzed
by the RTP PFC analytical team. (Note: Fifty samples were scheduled for collection; however, a
total of 51 samples were received from the field. The additional sample was collected in one of the
water transfer bottles. It was also analyzed and reported.) All of the proposed field duplicates,
field blanks, low level field spikes, high level field spikes, and laboratory spikes (n = 5 for each)
were prepared and analyzed as planned.

Standard Curve Back-Prediction

Before the standard curves were applied to the sample data, an analysis was conducted to
determine how well each standard point back-predicted its own theoretical value. Acceptable
back-prediction is within + 20 % for all but the lowest standard point, where £ 30 % is acceptable.
Given these criteria, the LOQs were determined to be 10 ng/L for each compound except the C10
and C7 acids, which were assigned LOQs of 50 ng/L. Table 4 summarizes the mean
back-predicted values for all standard curve points used in this analysis. After adjustment of the
LOQ for C10 and C7, the mean back-prediction criteria were satisfied for all calibration points.
The standard curves for each of the target compounds are included in Appendix 2.

Quality Control Samples

Table 5 contains a summary of the results from the field blank and spike samples. All of the field
blank samples had concentrations of all of the target compounds that were less than the LOQ. The
mean accuracy of the low (200 ng/L) and high level (400 ng/L) field spikes was in all cases within
+ 25% of the theoretical spiked concentration.

Field Duplicates

The results of the duplicate field samples are presented in Table 6. Of the five duplicate samples
that were collected, three of the samples had analyte concentrations that were near, or below the
LOQ. The duplicate samples with low concentrations near, or below, the LOQs were in good
agreement. Samples W36SW and W36SW Dup, for which most of the target analytes were in the
measureable range, had relative percent difference values in most cases of <20%. Duplicate
values for PFOS in this duplicate set had a relative difference of 42%, but the concentrations were
at the lowest portion of the calibration curve.

Fortified Water Sample (Standard Addition)
To help evaluate the response of the analytical assay at the midrange of the calibration curves,
standard addition was performed on five selected field samples. After the initial analyses were

performed, 40 uL of a mixed standard solution containing all of the native standards at 5 ng/uLL
was added to the remaining portion of each sample (500 mL) in order to provide an additional 400
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ng/L of each analyte to the samples. The samples were then reanalyzed to determine the response
due to the addition of 400 ng/L of each analyte.

As summarized in Table 7, the average % recovery of standard addition at this level was within +
12 % of the theoretical value for all compounds except C10 and PFOS, which showed 188% and
157% recovery, respectively. With the exception of the C10 and the PFOS, the results indicate
good general performance of the assay at the 400 ng/L level, providing additional evidence of the
accuracy of the analytical procedures. The reason for the higher than expected recoveries for C10
and PFOS has not been conclusively determined. However, considering the good performance of
C10 and PFOS in the field spike tests, it appears that some other process influenced the results of
this specific analysis. Inreviewing the data from this set of standard addition samples, it was noted
that the internal standards for PFOS and C10 had approximately 50% of their response recorded in
the original analysis. This diminished recovery could explain the apparently elevated recoveries
for these target compounds in this part of the evaluation. It should be noted that the higher
recovery noted in these analyses, which would contribute to a positive bias for these compounds,
suggests that the concentrations of the C10 and PFOS compounds reported for the field samples
may be somewhat higher their actual “true” concentration. However, PFOS was not measured
above 200 ng/L in any of the field samples and C10 was measureable above the LOQ in only six
of the 51 samples.

Field Samples

Table 8 summarizes all of the data from the field samples. Samples WO1PW, W11PW, W22PW,
WS54PW, W62PW, and W14PW were identified by Region 4 personnel as samples from wells
used for drinking water (indicated in Table 8). Of the 51 unique field samples collected (duplicates
excluded), PFOA was detected in 29 (57%) of the samples. The PFOA concentrations ranged
from < LOQ to a high of 11,000 ng/L, with 11 samples out of 51 (22%) above 400 ng/L and two
samples had concentrations (389 ng/L and 397 ng/L), which are not significantly different from
the 400 ng/L Provisional Health Advisory level. PFOA occurred in two drinking water samples:
WS54PW at 2,070 ng/L. and WP14PW at 594 ng/L.. PFOS was measured in 15 samples (29%) at
concentrations ranging from < LOQ to a high of 151 ng/L; all PFOS concentrations were below
the 200 ng/L Provisional Health Advisory level. PFOS was measured in two drinking water
samples: W11PW at 12.0 ng/L and W14PW at 14.1 ng/L. Ofthe 51 samples, 42 (82%) had at least
one target compound at concentrations above the LOQ. Five of the target compounds were
measured in more than half of the samples, with C4 in 39 samples (77%), both C6 and PFOA in
29 (57%), PFBS in 27 (53%), and C5 in 26 (51%). The C9 acid was detected in 10 (20%) samples
with the highest concentration being 286 ng/L. The C10 acid was detected in 6 (12%) samples
with a high value of 838 ng/L.. Neither compound was measured in the drinking water samples.

It should be noted again that this method was optimized for performance in the 200 ng/L to 400
ng/L range to allow for accurate comparison with the Provisional Health Advisories for PFOS and
PFOA. Concentrations of PFCs in samples listed as being below the LOQ have not been reported,
but should not be assumed to be zero.
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Chromatographic Profiles

As an indicator of chromatographic conditions and instrument response, Appendix 3 contains
examples of mass spectral data from three blank samples, three spiked samples, and three field
samples. The first three chromatograms are from field blank samples which contain only
mass-labeled internal standards. The following three examples are field samples which have
received the mass-labeled internal standards and standard addition of 400 ng/L of each of the
target analytes. The final three chromatograms are field samples which have received only
mass-labeled internal standards.

Discussion

Results of field blanks, field spikes, field duplicates, standard curve back-prediction, and standard
addition indicate that the methods used in this assessment generally provide data of acceptable
precision and accuracy. As shown in Table 8, PFOA was measured at concentrations exceeding
388 ng/L in 13 of the 51 samples. PFOS was not measured at concentrations exceeding 200 ng/L
in any of the samples. All 10 target compounds were measurable above the LOQ in one or more
samples. Nine of the samples contained none of the target compounds at concentrations above the
LOQ.
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Table 1. Perfluorinated analytes, abbreviations, internal standards, LC/MS/MS transitions,
confirmation ions, and ion ratios monitored in analysis

Quantitation Confirmation tion ratio ion ratio
Target Analyte transition transition 1S (mean) (SD) LOQ
(ng/L)
Perfluorobutanoic acid (C4) 212.80 — 168.75 *NA 10
NA NA
Perfluoropentanoic acid (C5) 262.85 — 218.75 NA |
13 0
C,-C6
Perfluorohexanoic acid (C6) 312.70 —268.70 312.70 —118.70 16.26 2.05 10
Perfluoroheptanoic acid (C7) 362.65 — 318.70 362.65 — 168.65 4.81 0.23 50
Perfluorooctanoic acid (C8) 412.60 — 368.65 412.60 — 168.70 3.63 0.26
PCy-C8 10
-
Perfluorononanoic acid (C9) 462.60 — 418.60 462.60 — 218.75 3.89 0.27 10
Perfluorodecanoic acid (C10) 512.60 — 468.55 512.60 — 468.55 Be,-Cl1 6.31 0.50 50
Perfluorobutane sulfonate (PFBS) 298.70 — 98.80 298.70 — 79.90 0.62 0.04
18 10
0,-PFHS
Perfluorohexane sulfonate (PFHS) 398.65 — 98.80 398.65 — 79.90 1.15 0.10 10
Perfluorooctane sulfonate (PFOS) 498.65 — 98.80 498.65 — 79.90 "*0,-PFOS 0.62 0.03 10

1,2-"*C,- Perfluorohexanoic acid (*C,-C6)

314.75 — 269.75

'80,-Sodium perfluorohexanesulfonate ('*0,-PFHS)

402.65 — 83.90

1,2,3,4,5,6,7.8-"°C,-Perfluorooctanoic (**Cg-C8)

429.65 — 375.75

'%0,-Ammonium perfluorooctanesulfonate ('*0,-PFOS)

502.60 — 83.90

13C, Perfluoroundecanoic acid (°C,-C11)

564.60 — 519.65

iInternal Standards (IS)

* Mass spectrometer conditions did not produce secondary qualification ions that can be used for compound confirmation
1 Ratio of quantitation ion to confirmation ion, used to help confirm the identity of target compounds

1 Parameters not used with internal standards

-10 -




Table 2. Summary of the LC/MS/MS method including target and qualifier ions

Reservoirs: A: 2 mM ammonium acetate in deionized water with 5% methanol, B: 2 mM ammonium acetate in 100%
methanol

Column:  BEH CI18 reverse phase, 2.1x50 mm, 1.7 pm particle size

Flow rate: 500 uL/min

Column temperature: 50°C

Injection Volume: 40 pL

Gradient mobile phase program:

Time A B curve
0.00 75 25 1nitial
0.50 75 25 6
3.50 10 90 6
3.60 0 100 6
4.50 0 100 6
4.60 75 25 6
6.00 75 25 6

The Quatro Premier mass spectrometer is operated in the multiple reaction monitoring (MRM) mode using negative-ion-spray
ionization under the following conditions:

Instrument Parameters

Capillary (kV) —0.40

Source temperature 150°C
Desolvation temperature ~ 350°C

Cone gas flow 2 L/hr
Desolvation gas flow 1200 L/hr
Cone voltage Optimized for
Collision energy each compound
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Table 2. (Continued) Compound specific parameters for Quatro Premier XE (MS/MS)

Compound  Quantitation MRM Qualification Cone Collision
MRM Voltage Energy
PFBS 298.70 > 98.80 298.70 > 79.90 40 28 (30)
PFHS 398.65 > 98.80 398.65 > 79.90 50 32 (38)
PFOS 498.65 > 98.80 498.65 > 79.90 60 38 (48)
C4 212.80 > 168.75 15 10
C5 262.85>218.75 15 9
C6 312.70 >268.70  312.70 > 118.70 13 10 (21)
C7 362.65>318.70  362.65 > 168.65 14 10 (17)
PFOA or C8  412.60>368.65  412.60 > 168.70 15 11 (18)
C9 462.60 >418.60  462.60 >218.75 15 11 (17)
C10 512.60 > 468.55  512.60 >218.75 16 12 (18)
Internal
Standards
¥0,-PFHS 402.65 > 83.90 50 38
BC,-PFOS 502.65 > 83.90 60 48
Be,-C6 314.75 > 269.75 13 9
BCg-PFOA  420.65>375.75 15 11
Be,-Cl1 564.60 > 519.65 17 12

Note: Collision energies for qualification ions are in parenthesis

-12 -



Table 3. Proposed, Collected, and Analyzed Samples Summarizing Completeness

Sample Type Proposed Collected/prepare Analyzed
d

Field Samples 50 51* 51*
Field Duplicates 5 5 5
Field Blanks 5 5 5
Low Level Field Spikes 5 5 5
High Level Field Spikes 5 5 5
Laboratory Spikes 5 5 5

*One additional sample was collected in a bottle intended for water transfer.
This sample was analyzed and is noted in Table 8 below.

Table 4. Mean Back-Predicted Values for all Standard Curve Points

Cl0| C9 |[PFOA| C7 | C6 | C5 | C4 | PFOS | PFHS
10 ng/L standard | --- | 9.09 | 9.34 -—- 1940 | 7.17 | 9.40 | 9.51 9.06
50 ng/L standard | 50.8 | 51.0 | 52.0 | 489 | 52.1 | 63.8 | 524 | 549 | 55.7
100 ng/L standard | 100 | 103 101 | 987 | 103 | 102 | 101 | 92.5 | 96.1

200 ng/L standard | 199 | 213 208 | 210 | 199 | 215 | 202 | 206 203

400 ng/L standard | 389 | 410 | 400 | 398 | 407 | 345 | 401 | 408 412

600 ng/L standard | 574 | 574 | 593 599 | 591 | 629 | 601 580 594
800 ng/L standard | 873 | 771 784 | 786 | 788 | 797 | 779 | 807 764

1000 ng/L standard | 959 | 1030 | 1010 | 1010 | 1010 | 1000 | 1010 | 1000 | 1030
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Table 5. Summary of Field Blanks, Low Level Field Spikes, and High Level Field Spikes in ng/L

Sample Type C10 C9 PFOA C7 C6 C5 C4 PFOS PFHS PFBS
*Trip Blanks <50 <10 <10 <50 <10 <10 <10 <10 <10 <10
* Low Level 210 (17) 156 (45) 162 (36) 171 (31) 195 (23) 217 (33) 218 (60) 172 (39) 198 (18) | 205 (22)
Trip Spike (SD)
Percent Accuracy | 105 (8.2) | 78.1 (28.8) | 80.9 (22.5) | 85.5(18.3) | 97.311.9) | 108 (15.4) | 109 (27.5) | 86.1 (22.7) | 98.9 (9.1) | 103 (10.6)
(RSD)
* High Level 448 (56.8) | 301 (59.7) | 318 (51.1) | 339(58.0) | 388(29.3) | 393 (41.5) | 382(19.2) | 364 (30.9) | 386 (26.5) | 387 (24.2)
Trip Spike (SD)
Percent Accuracy | 112 (12.7) | 75.2(19.9) | 79.4 (16.1) | 84.7(17.1) | 97.1 (7.6) | 98.3 (10.6) | 95.4 (5.0) | 90.9 (8.5) | 96.6 (6.9) | 96.8 (6.2)

(RSD)

* Mean of 5 determinations; Low Level Field Spikes prepared at 200 ng/L; High Level Field Spikes prepared at 400 ng/L
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Table 6. Summary of Duplicate Field Samples in ng/L

C10 C9 PFOA C7 C6 C5 C4 PFOS | PFHS | PFBS

WO6PW | <LOQ [<LOQ[<LOQ|[<LOQ [<LOQ|[<L0Q|<LOQ|<LOQ|<LOQ|<LOQ

WO6PW dup | <LOQ | <LOQ |<LOQ |<LOQ |<LOQ|[<LOQ|<LOQ|[<L0Q|<L0Q |[<LOQ

Rel % Diff - - --- - - - - — - —

W53SW  [<LOQ [<LOQ| 184 [<LOQ [<LOQ|<LOQ[<LOQ]| 51.1 |[<LOQ|<LOQ

W53SW dup | <LOQ |<LOQ| 148 |<LOQ |<LOQ|<LOQ|<LOQ| 561 |<LOQ|<LOQ

Rel % Diff | - — | 213 — | 926 | -

W24SW | <LOQ |<LOQ|<LOQ| <L0Q| 22.1 | 566 | 62.6 |<LOQ|<LOQ |<LOQ

W24SW dup | <LOQ |<LOQ| 33.7 | <LOQ | 18.7 | 72.0 | 779 |<LOQ |<LOQ |<LOQ

Rel % Diff | - 168 | 239 | 21.8

W36SW 54.2 12.4 389 393 505 333 236 30.3 16.7 38.2

W36SWdup | <LOQ | 21.8 397 407 511 369 274 19.8 17.7 41.2

Rel % Diff -—- 54.8 2.04 3.52 1.11 10.1 15.2 42.2 542 7.67

WI7PW | <LOQ |<LOQ|<LOQ|<LOQ |<LOQ|<LOQ| 132 |<LOQ|<LOQ |<LOQ

WI17PW dup | <LOQ |<LOQ |<LOQ|<LOQ |<LOQ|<LOQ| 13.8 |<LOQ|<LOQ |<LOQ

Rel % Diff | - — | 433

Rel % Diff = Relative percent difference between duplicate samples:
Absolute value of [(conc 1- conc 2)/ (mean of conc 1 and conc 2) x 100%]
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Table 7. Standard Addition (SA") of 400 ng/L of Each Analyte to Selected Field Samples (ng/L)

Cl10 | C9 |PFOA | C7 | C6 | C5 | C4 | PFOS | PFHS | PEBS

WO6PW-SA' 614 | 433 | 477 | 460 | 386 | 369 | 393 | 551 450 420
W63PW-SA' 677 | 412 | 471 | 489 | 405 | 427 | 412 | 646 485 504
WO02PW-SA' 1029 | 301 | 339 | 347 | 392 | 459 | 444 | 688 420 401
WI13SW-SA' 628 | 403 | 653 | 731 | 515 | 480 | 426 | 595 422 450
W34SW-SA' 805 | 318 | 559 | 512 | 451 | 520 | 558 | 663 396 426
W63PW * * * * * * * * * *
WI13SW * 12771 321 | 234|182 1764 162.5 * * 13.4
W34SW * 1162] 204 |73.6] 103 | 162 | 234 * * *

(WO6PW-SAT) — (WO6PW) | 614 | 433 | 477 | 460 | 385 | 369 | 393 | 551 | 450 | 420

(W63PW-SAT)- (W63PW) | 677 | 412 | 471 | 489 [ 405 [ 427 [ 412 | 646 | 485 | 504

(WO2PW-SAT)- (W02PW) | 1029 | 301 339 | 347 | 392 | 459 | 444 | 688 420 401

(WI3SW-SA)- (WI3SW) | 628 | 375 | 332 | 498 | 333 | 403 | 364 | 595 422 437

(W34SW-SAT)- (W34SW) | 805 | 302 | 355 | 439 | 348 | 358 [ 324 | 663 396 426

% recovery 153 | 108 | 119 | 115 | 96 | 92 | 98 138 113 105

169 | 103 | 118 | 122 | 101 | 107 | 103 | 161 121 126

257 | 75 85 87 | 98 | 115 | 111 | 172 105 100

157 | 94 &3 124 | 83 | 101 | 91 149 105 109

201 | 76 89 110 | 87 | 90 | 81 166 99 107

Ave % Recovery 188 |91.1 ] 98.8 | 112 |93.2] 101 |96.9 | 157 109 109

SD % Recovery 432 1154 ] 182 151 | 7.7 | 103 |11.5] 13.8 8.5 9.8

SA" = Sample received laboratory spike equivalent to 400 ng/L of each compound
* Values below the limit of quantitation, assumed to be 0 for the calculation of difference
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Table 8. Perfluorinated Compound Concentrations in Surface and Well Water Samples in ng/L

Sample Name | C10 | C9 |PFOA | C7 | C6 | C5 | C4 |PFOS | PFHS | PFBS
W51SW * * 29.5 * | 120 | * * * * *
W27SW * * 134 | 815|659 | 684|727 *11.6 * *
W10SW * * 13.6 * 1202 (208|527 * * 30.9
W28SW * * 948 | 127 | 153 | 91.1 | 70.8 * * 15.6
Pw14Pw * 1257 ] 594 | 619 | 570 | 333 | 180 | *14.1 | 20.7 | 254
W46SW 838 | 286 | 1100 | 491 | 205 | 192 | 188 | 83.9 * 10.4
W42SW 1251933 | 993 | 777 | 729 | 434 | 303 | ‘16,5 | 17.5 | 40.8
W43SW 68.0 | 544 | 396 | 216 | 201 | 180 | 152 | *14.6 * 10.0
W32SW 230 | 709 | 750 | 839 | 961 | 571 | 439 | *66.3 | 20.6 | 90.2
W53SW * * 18.3 * * * * 51.1 * *
W53SWdup | * * 14.8 * * * * 56.1 * *
+ WO3SW * * * * * * 1194 ] 132 * 20.9
W33SW * * * * * * 1304 | * * 23.9
WO7PW * * * * 1972 | * |458 * * *
WI101PW * * * * * * | 146 | * * 22.9
W52SW * * | 2230 |3180 | 3750 | 1970 | 1030 | * 12.1 | 91.3
W24SW * * * * | 221566626 * * *
W24SW dup | * * 33.7 * 1187 [ 720 | 779 | * * *
W64SW * * 758 | 1200 | 1730 | 1060 | 825 * 123 | 56.7
Pws4PW * * | 2070 | 2100 | 2150 | 1180 | 680 * 464 | 56.5
WI15PW * * * * 1158 | 122 | 426 * * *
ﬁW62PW % * * * * * * * * *
ﬁW22PW ) * % * * * * * * *
PW11PW * * * * * * 1346 | 12.0 | 12.7 | 264
W60PW * * 149 | 772 ] 150 | 57.2 | 98.1 | 151 | 56.5 | 33.9
W36SW 542 | *12.4| 389 | 393 | 505 | 333 | 236 | 303 | 16.7 | 382
W36SWdup | * | 21.8 | 397 | 407 | 511 | 369 | 274 | 198 | 17.7 | 41.2
WI12PW * * 6410 | 5220 | 3970 | 2330 | 1260 | * 87.5 | 76.6
W29SW * * * * * * * 18211 * 14.8
W31SW * * 30.1 * * * | 446 | 31.7 * 26.0
W30SW * * 24.1 * | 137 | * | 400 31.5 * 13.5
W35SW * * * * * * | 144 | * * 9.51
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Sample Name | C10| €9 |PFOA| C7 | €6 | C5 | C4 | PFOS | PFHS | PFBS
PwWo1PwW * * * * * * | 24.1 * * 0.1
W48SW * * 26.0 * | 1641721330 * * *
W13SW * 1277 321 | 234 | 182 | 764 | 625 | = * 13.4
W34SW * | 162 | 204 | 73.6 | 103 | 162 | 234 * * *
W26SW * * 67.9 | 30.0 | 141 | 305 | 394 * * 312
WI7PW dup | * * * * * * 138 | * * *
W57SW * * 32.2 * * * 1107 | = * *
W47SW * * 1250 | 1360 | 1310 | 478 | 330 * 40.6 | 63.9
W50SW * 1400 ] 1160 | 715 | 762 | 354 | 199 * * 54.5
W44SW * * ] 11000 | 8250 | 6710 | 3770 | 1750 | * 218 | 208
W45SW 129 | 264 | 176 | 61.0 | 69.4 | 143 | 194 | 38.2 * *
W41SW * * 90.5 * | 506 |90.7 | 102 * * *
W49SW * * 35.7 * | 423283294 = * *

* Values below the limit of quantitation (LOQ) — cannot be assumed to be zero.

1 Values flagged for having confirmatory/quantification ion ratios more than 2 standard deviations
away from mean values determined for standards

T WO3SW sample collected in a container intended for water transfer only
B indicates sample from a well used for drinking water

dup indicates duplicate sample
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Appendix 1.

Chain of custody forms (CoC) for water samples collected, shipped and received by the analytical laboratory

-
<
L
=
-
O
o
(@
L
>
—
- -
O
o 4
<
<
o
Ll
2
=

-19 -




930 | 8bed sp019nzd

LUTY D FOrOUL

Xed 00Zi-8L8/E0L BUoUd ‘618€-LGL0Z WA "AlllueyD “iq 1ejuad souaieuod 000S) ‘0SD eneg JeyjeaH ully ‘eoy( Juswebeuep sidwes (0} Ado) puag

'5)509 [ROpAjRUER 85BAIOUL [[IM SHNsaJ Kieujwijeid Joj sysenbey ‘synsas Kieujunjesd sapiacid Hd

iaquinp [eas Apoisng Jo ujeyo

b AMojeloge] Joj pesn eq o} (s)ejdwes

1L000-606120-LLGELOEYO-Y  :iequiny w1
spunodwon pejeunoniied = s94d
4pao) wewdiys 9 = geI9 ‘0 = eysodwio) :eyeubisaqredA L UBIH = H 'wnipajpmoT = | ‘Mo =1 {UONENUBIU0D Koy sjshjeuy
A ¢oejdwog

ese) Joj juawdiyg

= 77 Lrry e Nany
‘(s)eameubs Jejdwes feudppy
74 o

SUOWIWIS UIASY

Y

= LG:GL 6002/LL/E © Md-L LM (1) (CONH) 21 (0) s04d on flelempunoisy Md-L LM
uelly Auepy
- GE6 600g/8L/e - MS-0LM (1) (CONH) 6 (0) 804d on J9Jepp BOBHNG MS-0LM
SUOLLLLIG UIASY
= foras ) 600z/glL/e - MS-Z0LM (1) (CONH) L1 (0) s04d on HBjeAN @0BUNG MS-Z0LM
SUOWIWIS UIASH
== SOwl 800z/81L/e ¢ Md-10LM (1) (CONH) 01 (0) s04d on BlEMPUNCID Md-10LM
Sislse Uy
- 6% L1 800z/6L/e - Md-60M (1) (CONH) 8 (0) s04d on Halempuncio Md-60M
SISJSE WY
= G06 6002/81/2 - Md-80M (1) (CONH) £ (0) sD4d on H81EMPUnoID) Md-80M
SUOLULIS UIASY
o gl 600¢/6L/C * Md-L0M (1) (CONH) 9 (0) 804d on HBIEMPUNCID Md-L0M
. ually Auep d
- 00:LL  B00ZILLIZ : dNa-Md-90M (1) (EONH) § (0) s04d o7 MeleMpunole)  NA-Md-90M
ua||y Auepy
e 00:LL 600Z/LL1E - Md-90M (1) (CONH) ¥ (0) 8D4d on /Asjempunoiy Md-90M
SUOLLILIS UIASY
e 8¥:0L 600¢g/8L/E © Md-20M (1) {CONH) 2 (0) sD4d on H8jeMpUnoIS) Md-20M
SUOLULLIS UIASY|
- chel 600¢2/6L/12 - Md-LOM (1) (CONH) L (0) $D4d 2a JBJEMPUNOID) Md-LOM
odfy IWiLrALYa NOILV2OT s0108 /AALLYANIS TN aNNOMYNYNL AdAL ¥ITINYS "ON FTdAVS
o0 1937100 T1dWVS NOILVLS I'ON OVL ISISATYNY ONOD IXIELYIN
R4 as3as-id :0 Buydweg
' HITL TR
€ 90.L£-1¥5 (616)
L1222 DN Weyng ___.0.2 .mv__,ew 1apee 128foid
/ 7 g/1-3 wooy '3 Buipjng Odd lIBM 8jeAlid T Injedaq JeaN Syl ejEIS/owWeN alS
L / \M \\ iQ iepuexaiy ML 601 amds
\M .N\W \\%\N\ A b d1d 3N o padoms ‘a1 S11o839
(w1 1 @3eq) Ag penidooy (owny. 7 ayeq) Ag peysmbuijey 090.€45€6598 ey Mmmm..mm_ 19p02 Juno20Y
x3ped ‘Bl JolIBD .
:eameublg :epoD 12efoid
sejdues paooay Apoisn) jo uieyd 6002/6L/C :peddiys e1eq ¥ 1uojBay
SON U8B0
m ) L/ Q Apo3sn) jo uiey) oLIBUSDH N\
98BN 90UDI3LD %A
2 4o \m ; wesboid Aojesoqe Penuod vdasn <&m v



/

940 z ebed sp0 1924

CUITF OFOILUL

Xed :00Z7-818/€0. BUOUd ‘618€-1510Z VA 'Alliueyg “1q Jejus aousigiuod 00051 ‘0SO ieneg JeyjesH upy ‘90 Juewebeueyy ajdwes 0} Ado pueg

'81809 [eaphjeur eseatouy ||Im s)nsed Kueujw)esd toj sysenbey ‘synses Aeupuijesd sepjaoid ¥

1000-606L20-LLSELOEYO-V :IequIn M1
spunodiwion pejeunon|uad = s94d
Lpoo) Juewdiys 9 = geun ‘D = epsodwon :oyeubsaqodA) YBIH = H 'wnipepymo = W ‘Mo = 7 UOPRAUBIUOY Aoy sish|euy
A,
£ : A ¢oejdwog

dequiny jeeg Apojsn jo uleyn

TYPE)

:(s)oameubis Jejdwes [euohIPPY

10D Aojesoqge| Joj pesn aq o) (s)ejdwes

8889 40} Juewdiys

s1gISe WY
™ 00:7L  600Z/8L/Z S MS-9ZM (1) (EONH) £2 (0) sD4d Of1 [ 80BUNG MS-9ZM
SUOLILLIS LIADM d
B G0'6  600Z/6L/ 'S dNA-MS-vZM (1) (CONH) Z2 (0) s04d 91 M8IeAA BOBUNS  (1A-MS-FEM
SUOLLILLIG Utheny|
- 606  600Z/6L/Z 'S MS-¥ZM (1) (EONH) L2 (0) s04d 9N [191B\A S0BUNG MS-PZM
SUOWILLIS UIADY
- 00:0L  600Z/8L/Z 'S Md-ZZM (1) (EONH) 02 (0) s04d 9N fielempunols Md-ZZM
usjly Auep
= OL€L  600Z/6L/T 'S Md-BLM (1) (EONH) 61 (0) sD4d on Aejempunoln Md-6LM
uajly Auepy d
= 9l:ll  6002/6L/2 'S dNa-Md-LLM (1) (EONH) 81 (0) s24d on fAsjempunole  NA-Md-LEM
us|iy Auepy
= oL'LL  6002/6L/Z S Md-LLM (1) (CONH) £L (0) s0dd an isjempunols Md-LLA
SUOLULLIS U@y
=+ 8E9L  6002/LL/2 'S Md-GLM (1) (SCONH) 91 (0) so4d 9N [1eYempunolD Md-SLM
uajy Auepy
o GL'Pl  600Z/8LIZ 'S Md-7LM (1) (EONH) G1 (0) sD4d o /191eMPUNOID) Md-7LM
sigIse By
~ 0Z'LL  6002/84/Z 'S MS-ELM (1) (CONH) #1 (0) s04d Oft  [elepp eoeung MS-ELM
sI9ISe Uy
b 0511 600Z/8L/Z 'S Md-ZLMW (1) (CONH) €1 (0) s04d o [1B}EMPUNOIS) Md-ZLM
edfy awlLaLYa NOLLY201 $OMI08 /INLYANISIN GNNONYNYNL JdAL HIdWYS ON ITdNVS
o0 LO3T100 IdNvS NOILYLS I'ON DYL 1SISATYNY JONOD PN
v Qs3s-1d 100 Bupiduwes
uopoy
: -1+5 (616)
€ 1L M.WN%L. v...mmﬁc._:o HieN .wx_,_e :1apee 108foig
\ 'z g.1-3 wooy '3 Buippng Odd I19A 8leAld Y injedaq JeaN Sy re1E)S/eWEN oNS
; \\ = T 7 iQ 1epuEXxely ML 601 i 4
sz \m Y \N..Q\ 2y 7 ) diMTMIN o peddis a1 SHougo
(owyy ; s3eq]) Ag poaeaey (awyy 1 oyeQ) Ag peusinbujey 080£€.5€6598 ‘maav L220-60 18P0 JUN0IDY
x3pea4 LB J8lLIED 1220-60 .
reimeubig :8pog y08f01g
Jejdwes p100ay Apojsn) jo ueyd 600c/61/c  :paddiys eeg v uojBey
‘0N W8I0
Apo3sn) jo utey) susuULYH N
:89se9 99U84
N..._ 288 ueieioY weiboid Aiojeroqe penuod vaasn V= 5




910 € afed 4p01-5Az4

LUIV O rOrLUL

Xed ‘002F-818/£0L BUOUd ‘618E-1G10Z WA 'AllueyD "I Jejusd adusIejued 000§ ‘O8O ‘1eneg JeyieeH Uiy ‘soi juawebeueyy sidwes 0} AdoD puag

*51509 [BanA[eUE 88EAIOU] [iIM S)nses Aieujwijead Joj sysenbey ‘synses Aeujunjasd sapiaosd yg

1000-606120-LLSELOEYO-V 9NN N1
spunodwion pejeuLoniuad = sD-4d
- ¢pedj ewdiyg 9 = qeu9 ‘D = sysodwo) :eyeubisagedfy UBIH = H "Wnipajy/mo] = | ‘Mo = ‘uopeUaIU0D :Aey siskieuy
— )
e =" A A Nau i,
5= & N A ¢ajeidwion
wequiny [eas Apojsnd jo ujeyn { i(s)eumpeubis Jo|dwes jeuspppy 10D Muojeiogel Joj pesn eq o} (sjejdwes aseq 1o} Juswdjys

sigisepy Uy d
# GE6  6002/8L1Z 'S dNa-ms-9em (1) (CONH) P£ (0) sD4d O/ JiIelep) @0BUNS NA-MS-9EM
s19)se Uy
- GE'6  600Z/8L/IZ 'S MS-9EM (1) (CONH) €€ (0) 824d 91 [IBlep 80BUNG MS-9EM
Si2lsei VY
= 0Z:6  600Z/8LIZ 'S MS-GEM (1) (EONH) 2 (0) 804d 971  Mejep) edeung MS-GEM
slo)sep Ny
= G0:0L  600Z/8L1Z 'S MS-FEM (1) (EONH) L€ (0) s04d D1 [ielep) e0eUng MS-FEM
sisisey Uy
- SG'vL  600Z/8LIZ 'S MS-EEM (1) (EONH) 08 (0) s04d O [I9IeAA 80BUNS MS-EEM
us|ly Auepy
- 686Gl 600Z/LLZ S MS-ZEM (1) (CONH) 62 (0) 8D4d 9/ HEIEA 80BUNG MS-ZEM
SIgJSEN WY )
= 1191 8002Z/LL1Z 'S MS-LEM (1) (CONH) 82 (0) 04d 91 /181B [\ ©0BLNG MS-LEM
s1s)seiy Uy
- 6e9l  600Z/LLIZ 'S MS-0EM (1) (EONH) 22 (0) s04d On  [elepn edBung MS-0EM
si1g)sey Uy
s 561 6002/.LIZ 'S MS-6ZM (1) (CONH) 92 (0) s04d on  [1elepn soepng MS-62M
ua|ly Auepy
= S0:0L  600Z/8LIZ 'S MS-8ZM (1) (CONH) 52 (0) sDdd a1 [19¥epA 8oBUNS MS-8ZM
) us|ly Auep
= GLIEL  6002/6L/Z 'S MS-LZM (1) (EONH) ¥2 (0) s04d 91  [18gp 90BUNS MS-LZM
edK| IWiLraLva NOILYD01 semog /ANILYANISIN ANNOXYNNNL 3dAL HITANYS "ON FTdNYS
20 LO3AT10D F1dINYS NOLLYLS IoN 9vL ISISATYNY TONOD MXELYIN
‘v as3as-1d ‘00 Buydwes
uonay
€ L NWMNML( ﬂmmﬁ—wrw ___.0.2 .._mv__mm :1apee 108foid
Z 821-3 wooy ‘3 buiping Odd Iiam @jeAlld v Imeds(q JeeN S ‘OIEIS/OWEN 8)S
Jq Jepuexaly ML 60 -t mdsg
l diyd TH3IN 01 peddiyg a1 Sr1ou35
{owry / o1eq) Ag peysinbuigey 0902€45€6598 gy 122060 :0p0D JuN0Y
x3pe4 BWep Jejues 422060 ‘apog 10efos,
reameublg 8oy d
Jejdweg ploday Apoisnd jo ujeyd 600c/61/c  :peddiys ereq ¥ :uotbey
‘ON JuRID
M“_ Apo3isn) jo ujeyd suLudn Ay
:ose
20 GuSeeY weiboid Aiojeroqer penuod vaasn Vel




940 v abed spo1oazd

LUDY orOILUL

Xed '002¢-818/€0L BUOUd '618€-1G10Z YA ‘AnueyD 1q JejusD souaisjued 000S) ‘OSD Jeneg JeuieeH Uy ‘eol0 uswebeueyy sidwes (0} Adoo pues

'61800 |eanfjeue aseesou| ||im synsas Lieujwuyesd 10) sysenbay ‘synses Aseupunesd sepirosd Hd

R
N
Ty

1000-606120-LLSELOEYO-V LIOQWINN M1
spunodwon pejeunoniued = sO4d
4pedj Juawdiys 9 = qe19 ' = eysodwo) sepeuBisaqedh) UBIH = H "WnipajymoT = W ‘Mo = UO[EIUBIUOY :fey sishjeuy
7 M g
5iF .\Q\i\n\\l\% \xﬂ\\\\ Sy, Y
L A vr/.l\ s =
o !.,/.. A coroduion
:lequin jees Apojsnd Jo uieyn (s)eanyeubis Jo|diwes [Buonippy 0D Miojeioqe) Jog pesn aq 0} (s)e|dwesg esep 4o Juewdiys
¥ ¥ =
us|ly Auep
= SL:SL  B00ZBLIZ 'S MS-LSM (1) (CONH) 95-vd (0) 804d o Jie1ep @oeung MS-ISM
us|ly Apepy
== 0S¥l 6002/6L1 'S MS-0SM (1) (CONH) ¥+ {0) 804d 91 /i8)ep\ 80BUNS MS-0GM
uajy Apepy
= gZvl  6002/6L/2 'S MS-BYM (1) (CONH) eF (0) s04d Of1  [1ejep eoeung MS-6YAA
Sialse By
a 0S:0L  6002/8L/Z 'S MS-8¥M (1) (CONH) 2¥ (0) s04d 971 [Helep) edeung MS-8M
ue)y Auep
== §5'ZL  6002/8L/ S MS-LEM (1) (CONH) L¥ (0) s04d O [18)epn 80BUNS MS-LFM
ua||y Auepy
= 0Z:€l  600Z/8L12 'S MS-97M (1) (CONH) OF (0) 804d or [1elepn @0BUNg MS-9PM
ually Auepy
= SEiEl  600Z/8LIT 'S MS-SPM (1) (CONH) 6€ (0) 804d 91 /18jep eoeUng MS-SPM
uajly Auep
£ geivl  6002/8L/2 S MS-PEA (1) (CONH) 8¢ (0} sD4d o/ /8K 80BUNS MS-#PM
_ uelly Auep
= 0L:LL  6002/8LI2 'S MS-EFM (1) (EONH) 28 (0) 804d or 1918\ @0BUNG MS-ErM
uajjy Auep
7 GelLl  6002/8LT S MS-Z¥M (1) (EONH) 98 (0) s04d ONn  Helep eoeung MS-ZFM
usjly Apep
= GZ:LL  6002/8L/Z 'S MS-L M (1) (EONH) 5€ (0) s04d Of1 /9B AA BOBUNS MS- LM
odfL IWILALYa NOILY2071 se0g /AAILVANISING aNNOXYNANL JdAL YIS ON I1dNYS
1o ] L2302 3 dNvS NOILYLS I'ON DYL ISISATYNY {ONOD MIMAYIN
0 as3as-id ‘09 Buydwesg
uonoy
‘€ 90£€-1¥6 (616)
L1442 ON Wweying ___WZ _wv__._.m_ epee Jo8foid
Ve p 'z 8/1-3 wooy '3 Buippng O4d lIBM 81eAld 1y Injeoaq JesN Sy sjEIS/OWEN BHiS
. L ZS— a0 1epuexsly ML 601 ‘a1 nds
= [ W H d
5/ 2 7 x\ e /A L d1d TH3N o} peddiys e
4 (s L s &3eq) “ Ag penieoey {ewyy s ;yeq) Ag paysmbuyey 090.£25€6598 gy 1220760 :8po? NGOy
X3pad 8L JajueD L220-60 a0 100
reumeubis 18p0J Jo8joig
1ajduieg pioday Apojsn) jo uteyd 600¢/6L/2 peddiys ayeg ¥ :uoiBoy

d

1980 83UL10)9Y

‘ON 8D

Apo3sn) jo uiey) sii2uUL)
weiboid Aojeloqe penuo) vdasn

vdi



LIV okolLuL
90 g ebed sp0'1°5nz4 Xe4 00Z7-818/€0. 8UOYd '618€-1510Z WA ‘AllUBYD I J8jusD 80uaieUOD 000G ‘DS ‘eneg JeyiesH :upy ‘eouj0 uewebeuely sidweg :o} AdoQ pueg

'$1809 |eafjeue 08RaIOU| [|IM s Nsal Lieujwyield Joj sysenbey synsas Aeujwyasd sapiaosd Nd

1000-606120-2LS€LOEVO-¥ H9qUINN M1

spunodwon pejeunonipad = s0d4d

————

Lpaoj juswdiyg 9 = qeiD 'Q = slisodwo) :ejeufijseqedAl UBIH = H "Wnipajymo = ‘Mo = UOEAUBIUOD ‘Aey sishjeuy

A Lerejdwon
Jequingy (eag Apoysna §o uteyn 10 Auojesoqe) 1oy paen aq o} (s)ejdwes ase) 1o Juewdiys
SUDLULLIS UIAeM
- 0L'0L  600Z/6L/Z 'S MS-FOM (1) (CONH) 85 (0) 824d 91 [i8lepA 80BUNG MS-FOM
y SUOLULUIS UIASY
™ 0LLL  6002/6L72 'S Md-E9M (1) (EONH) #5 (0) 804d 911 /18jempunols Md-€9M
SUOLLIUNS UInY
- gL'l 6002/8LI2 'S Md-Z29M (1) (CONH) €5 (0) s04d on [18)eMpunois) Md-Z9M
siejsejy By
= 0gel  600Z/6L/Z 'S MS-L9M (1) (CONH) 25 (0) s24d Oft  [i8IEA 80BUNG MS-LOM
SUOLULLIS UIAS))
s GZ:LL  600Z/ILLIZ S Md-09M (1) (EONH) LS (0) s04d 9N /19)empunoio Md-09M
sJalsel Uy
= S0l 6002/61/2 'S Md-85M (1) (CONH) 05 (0) s04d on Hayempunois Md-8SM
ue|ly Auepy
z 956 6002/61/2 'S MS-LGM (1) (SONH) 67 (0) s24d 9  [19IEpA 80EUNS MS-L6M
SUOLULLIG UIADY
- GZ6  6002/8L/Z S Md-VSM (1) (EONH) 87 (0) s04d 9N /iejempunols Md-v5M
si9Isey Uy d
el GZ:0L  600Z/6L/Z S dNa-MS-ESM (1) (CONH) 2t (0) 04d O [9IBM 80BUNS NQ-MS-ESM
SIQISe Uy
2 GZ:0lL  600Z/6L/Z 'S MS-ESM (1) (CONH) 9% (0) 824d 91  [18Jep 8oBUng MS-EGM
s1oisep Uy
™ GL'vl  600Z/8L/Z S MS-ZGM (1) (EONH) s¥ (0) 804d 91 [18jep) 20BUNS MS-ZEM
adAy WALV NOILYDO1 semod /AAILYANIS TN ANNOHYNYEAL 3dAL HITINYS ‘ON FdivS
20 L3700 Advs NOLLYLS 1'ON 9WL ISISATYNY IDNOD XIMLYIN
b as3as-id ;09 Buydwes
uonoy
£ i NWM\.%L v..mwﬁ% hrw eN iy :1epBe 108foid
/ Z 8/1-3 wooy ‘3 Buipjng 04d I8 8leAld v Jnjeda( JeanN Sy :e}BIS/eIUEN eS
y / é 1q Jepuexaly ML 601 ‘al nds
_ L g LB a A, i ;
L \\ \ 247 \\\_._v 7 = ; dL¥ AN 01 peddiyg 1 om0
(ewyL ; e3eq) Ag peniesey (ewity 1 e18Q) Ag peysinbujey 090.EL5€6508 ey £220-60 19p0D JUNoooY
. Xx3pad iewiep JoLey 2220760 i iRl
oidures pioday Apoysn) jo uieyd 6002/61/2 ‘peddiys ejeq ) ¥ woiBey
ION 1SN0
Apogsn) jo ujeyd oiLUdDH I\
N_ *9SEJ 3ouaiajed weiboid At0resoqe Penuo) vdasn d.n_m w




930 g9 ebed sp010azd

LUTY O FDILUL

Xe -00Z¢-818/€0L BUOUd ‘618E-1510Z VA "AllnueyD “iq Jejue) soualejuo) 00S1L '0S0 ‘Jeneg Jayjes :uy 'eo0 juswaebeuepy ejdwes 0} Ado) pueg

'81800 |eapifijeue eseasou] [Im s)nsed Ateunugasd Joy sisenbey synsas Aeujunjesd sepiaoid yg

1000-6061L20-LLSELOEYO-V -

JaquIny M1

&£ped) wewdiyg

|, 9=0g219 '0 = eysodwo)

apeuBisegredAiy

UBIH = H Wnpa/MOT = 1y ‘Mo = 7

‘uopenuaaUoy

spunodwon pejeulon|iad = s0d4d

‘Kay sishjeuy

Jsquiny jeeg Apojsny Jo uleyy

:0b Mojeioqe; J0) pesn eq o) (s)ejdwes

A Latejdwon
8se) Joj Juswd)ys

98B @Juaiajoy

wesboid Alojeioge 1euo) Vdasn

— r—
SUCLULIS LIASY
- 00:¥1 6002/61/2 'S MS-E0M (1) (EONH) € (0) s24d o Hejep adeung MS-EOM

odAy INILALYG NOILYDO1 SeNog FALLYANIS T ANNOYYNYNL 3dAL  uIIdWVS ‘ON FdAVS

20 LDATI00 I1dWVS NOILYLS FON BYL ISISATYNY JONOD )
R4 as3s-id 09 Bujdwes
uonoy

. m -
? 3 vunwhw_,__(vzmmﬁrmnw I8N S3IN epee 10efoig
, \ z 821-3 wooy '3 Buipjing Jdd lIBM 8jeAlid Y Injedaq JeaN Syl ejESoWEN a)S
/ ; 40 fepuexsly ML 60L ar ds
/% 2 \ 7 \V\%\ 7 v..\\‘.\ b di¥ 3N % peddiis Q1 SI19¥3D
(eunyy / e1eq) Ag paneoey (awiy / oreq) Ag paysmbuyey Bommnmmmmww ey MMM%.M% :8p0J WNo3DY
X3ped BUIBN JBLIBD - .
:aameubls ) :8po joefoid
Jeidwes plioday Apoisny jo upeyd 600¢/6L/1E :paddiys eleq i :uoiBey
‘ON uslD
N_ Apoasn) jo ujeyp sppuen

vdi2



Appendix 2.
Calibration curves for all target analytes

X’s correspond to standard points, ¢’s correspond to Quality Control samples at the 200 or 400 ng/L levels
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Compound name: C10

Coefficient of Determination: R*2 = 0.8973851

Calibration curve: 4 84144e-007 * x*2 + 0.00264988 * x + 0.0225033
Respanze type: Internal Std ( Ref 1), Area™ (1S Conc. /13 Area )

Curve type: 2nd Order, Origin: Exclude, Weighting: 14, Axis trans: Mone
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Caompound name: C9

Coefficient of Determination: R*2 = 0.895520

Calibration curve: 3.07374e-007 * 2 + 0.00129746 * x + 0.0210335
Response type: Internal Std ( Ref 2, Area * (12 Conc. /13 Area )

Curve type: 2nd Crder, Origin: Exclude, Weighting: 1/x, Axis trans; Naone
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Compound name: PFOA

Coefficient of Determination: R*2 = 0.899293

Calibration curve: 8.13297e-007 * x*2 + 0.00266003 * x + 0 0526481
Respanze type: Internal Std ( Ref 5 ), Area ™ (1S Conc. /15 Area )

Curve type: 2nd Order, Origin: Exclude, Weighting: 14, Axis trans: Mone

Response
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Compound name: CY

Coefficient of Determination: F*2 = 0.958188

Calibration curve: 1.342685e-006 7 "2 + 0.00357712 % x + 0118878
Respaonse type: Internal Std [ Ref 8 ), Area * (15 Conc. /13 Area )

Curve type: 2nd Crder, Crigin: Exclude, Weighting: 1/, Axis trans: Mone
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Compound name: CB

Coefficient of Determination: R*2 = 0.8998621

Calibration curve: 2 86242e-007 * x*2 + 0.00169204 * x + 0.00881371
Respanze type: Internal Std ( Ref 10 ), Area ™ (IS Conc. /15 Area )
Curve type: 2nd Order, Origin: Exclude, Weighting: 14, Axis trans: Mone
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Compound name: 5

Coefficient of Determination: R*2 = 0.894211

Calibration curve: 8.52527e-007 * x*2 + 0.00203243 " x + 0.00293018
Respanze type: Internal Std ( Ref 10 ), Area ™ (IS Conc. /15 Area )
Curve type: 2nd Order, Origin: Exclude, Weighting: 14, Axis trans: Mone

Response




Compound name: 4

Coefficient of Determination: R*2 = 0.898470

Calibration curve: 4. 73404e-007 * x*2 + 0.00204506 ™ x + 0.00485309
Respanze type: Internal Std ( Ref 10 ), Area ™ (IS Conc. /15 Area )
Curve type: 2nd Order, Origin: Exclude, Weighting: 14, Axis trans: Mone
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Compound name: PFOS

Coefficient of Determination: R*2 = 0.897563

Calibration curve: 2 B3876e-008 * x*2 + 0.00131588 " x + 0.0075659
Respanze type: Internal Std ( Ref 12 ), Area ™ (IS Conc. /15 Area )
Curve type: 2nd Order, Origin: Exclude, Weighting: 14, Axis trans: Mone




Compound name: PFHS

Coefficient of Determination: R*2 = 0.837344

Calibration curve: 2 05368e-007 * 2 + 0.00108281 * x + 0.00381447
Response type: Internal Std { Ref 14 3, Area * (IS Conc. /1S Area )
Curve type: 2nd Crder, Crigin: Exclude, Weighting: 1/¢, Axis trans: Naone
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Compound name: PFES

Coefficient of Determination: R*2 = 0.898882

Calibration curve: 1.95929e-007 * x*2 + 0.00111091 * x + 0.000157238
Respanze type: Internal Std ( Ref 14 ), Area ™ (IS Conc. /15 Area )
Curve type: 2nd Order, Origin: Exclude, Weighting: 14, Axis trans: Mone
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Appendix 3. Mass spectral data from 3 blank samples, 3 spiked samples, and 3 field samples
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