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Abstract 
This report evaluates the applicability of an automated pressurized fluid extraction (PFE) system for the 
solvent extraction of soil samples analyzed under the Environmental Protection Agency’s (EPA) Office of 
Water (OW) Method 1633, Revision A: Analysis of Per- and Polyfluoroalkyl Substances (PFAS) in 
Aqueous, Solid, Biosolids, and Tissue Samples by LC-MS/MS (EPA Method 1633A). To assess 
performance; a spiked soil, a soil certified reference material (CRM), and field-contaminated soils were 
processed either strictly following EPA Method 1633A or using an approach involving automated PFE in 
place of the manual solvent extraction procedure described in Section 11.3 of EPA Method 1633A. All 
sample preparation, extraction, cleanup, and LC-MS/MS analyses were outsourced to a certified laboratory. 
The proposed automated extraction procedure met all EPA 1633A quality criteria for spiked samples, and 
CRM results demonstrated all analyte recoveries within acceptance limits for both the manual and 
automated workflows. Additionally, PFAS results from two air-dried field-contaminated soil samples 
showed equivalence between the two procedures. Collectively, these findings support the use of automated 
PFE as a reliable alternative solvent extraction technique for soil samples analyzed under EPA Method 
1633A.  
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E.S. Executive Summary 
This study evaluates whether an automated pressurized fluid extraction (PFE) system can replace the 
manual solvent extraction procedure specified in the Environmental Protection Agency’s (EPA) Method 
1633 Revision A: Analysis of Per- and Polyfluoroalkyl Substances (PFAS) in Aqueous, Solid, Biosolids, 
and Tissue Samples by LC-MS/MS (EPA Method 1633A) for the analysis of PFAS in soil samples. The 
assessment included a matrix-spiked soil, a certified reference material (CRM), and two field-contaminated 
soils, all processed and analyzed by a certified laboratory under full EPA Method 1633A quality-control 
requirements. 

Across all study analytes, the automated PFE approach met EPA Method 1633A performance criteria. 
Spiked soils extracted using PFE showed strong recoveries (mean of 101% recovery across all analytes) 
and low variability (mean relative standard deviation (RSD) of 4.97%) for all 40 target PFAS. CRM results 
met the acceptance limits for both manual and automated extractions. In field-contaminated soils, PFAS 
concentrations obtained by the two procedures were comparable, with PFE results within 74–112% of the 
manual method results with similar precision. All extracted internal standards (EIS) met method criteria. 

Collectively, the data demonstrates that automated PFE provides reliable and consistent extraction 
performance equivalent to the manual procedure. Because EPA Method 1633A is performance-based and 
allows alternative extraction approaches when quality criteria are met, the study supports automated PFE 
as an effective and compliant solvent-extraction technique for soils analyzed under EPA Method 1633A. 
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Figure ES-1. Spiked Soil Matrix Mean Percent Recovery and Percent Relative Standard Deviation 

This figure includes the mean percent recovery and percent relative standard deviation for each analyte across replicates of the spiked soil matrix. 
The green lines represent a reference to the control limits of 70% and 130%. The blue line represents the mean percent recovery across all analytes 
and replicates (101%). Analyte labels tagged with an asterisk (*) indicate that outliers have been removed.  
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Table ES-1. Summary of Performance Results for CRM 

Analyte Manual PFE 
PFBA PASS PASS 
PFPeA PASS PASS 
PFHxA N/A N/A 
PFHpA PASS PASS 
PFOA PASS PASS 
PFNA PASS PASS 
PFDA PASS PASS 
PFUnA N/A N/A 
PFDoA PASS PASS 
PFTrDA PASS PASS 
PFTeDA N/A N/A 
PFBS PASS PASS 
PFPeS N/A N/A 
PFHxS PASS PASS 
PFHpS PASS PASS 
PFOS PASS PASS 
PFNS PASS PASS 
PFDS PASS PASS 
PFDoS PASS PASS 
4:2FTS PASS PASS 
6:2FTS N/A N/A 
8:2FTS PASS PASS 
PFOSA PASS PASS 
NMeFOSA PASS PASS 
NEtFOSA PASS PASS 
NMeFOSAA N/A N/A 
NEtFOSAA PASS PASS 
NMeFOSE PASS PASS 
NEtFOSE PASS PASS 
HFPO-DA PASS PASS 
ADONA PASS PASS 
PFMPA PASS PASS 
PFMBA N/A N/A 
NFDHA PASS PASS 
9Cl-PF3ONS PASS PASS 
11Cl-PF3OUdS N/A N/A 
PFEESA N/A N/A 
3:3FTCA N/A N/A 
5:3FTCA PASS PASS 
7:3FTCA PASS PASS 

 
PASS: CRM Recoveries fell within both the QC and Performance Acceptance 
Limits as specified by the certificate of analysis provided by the manufacturer.  
N/A: No certified value available for analyte of interest.  
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Table ES-2: Summary of Quality Control Sample Results 

Analyte Acceptance 
Limits (%) 

Manual Recovery (%) PFE Recovery (%) 
MB LLOPR OPR MB LLOPR OPR 

PFBA 70-140 <LOQ + + <LOQ + + 
PFPeA 60-150 <LOQ + + <LOQ + + 
PFHxA 65-140 <LOQ + + <LOQ + + 
PFHpA 65-145 <LOQ + + <LOQ + + 
PFOA 70-150 <LOQ + + <LOQ + + 
PFNA 70-155 <LOQ + + <LOQ + + 
PFDA 70-155 <LOQ + + <LOQ + + 
PFUnA 70-155 <LOQ + + <LOQ + + 
PFDoA 70-150 <LOQ + + <LOQ + + 
PFTrDA 65-150 <LOQ + + <LOQ + + 
PFTeDA 65-150 <LOQ + + <LOQ + + 
PFBS 65-145 <LOQ + + <LOQ + + 
PFPeS 55-160 <LOQ + + <LOQ + + 
PFHxS 60-150 <LOQ + + <LOQ + + 
PFHpS 65-155 <LOQ + + <LOQ + + 
PFOS 65-160 <LOQ + + <LOQ + + 
PFNS 55-140 <LOQ + + <LOQ + + 
PFDS 40-155 <LOQ + + <LOQ + + 
PFDoS 25-160 <LOQ + + <LOQ + + 
4:2FTS 60-150 <LOQ + + <LOQ + + 
6:2FTS 55-200 <LOQ + + <LOQ + + 
8:2FTS 70-150 <LOQ + + <LOQ + + 
PFOSA 70-140 <LOQ + + <LOQ + + 
NMeFOSA 70-155 <LOQ + + <LOQ + + 
NEtFOSA 70-140 <LOQ + + <LOQ + + 
NMeFOSAA 65-155 <LOQ + + <LOQ + + 
NEtFOSAA 65-165 <LOQ + + <LOQ + + 
NMeFOSE 70-140 <LOQ + + <LOQ + + 
NEtFOSE 70-135 <LOQ + + <LOQ + + 
HFPO-DA 70-145 <LOQ + + <LOQ + + 
ADONA 70-160 <LOQ + + <LOQ + + 
PFMPA 30-140 <LOQ + + <LOQ + + 
PFMBA 60-150 <LOQ + + <LOQ + + 
NFDHA 60-155 <LOQ + + <LOQ + + 
9Cl-PF3ONS 70-150 <LOQ + + <LOQ + + 
11Cl-PF3OUdS 45-160 <LOQ + + <LOQ + + 
PFEESA 70-140 <LOQ + + <LOQ + + 
3:3FTCA 45-130 <LOQ + + <LOQ + + 
5:3FTCA 60-130 <LOQ + + <LOQ + + 
7:3FTCA 60-150 <LOQ + + <LOQ + + 

 
+: Percent recovery of analyte fell within the passing acceptance criteria range.  
<LOQ: Recovered analyte concentration fell below the limit of quantitation. 
MB: Method Blank. 
LLOPR: Low-Level Ongoing Precision and Recovery. 
OPR: Ongoing Precision and Recovery. 
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Table ES-3: Summary of Extracted Internal Standard (EIS) Recoveries for Quality Control and Study Samples  

Analyte Acceptance 
Limits (%) 

Manual - EIS Recovery (%) PFE - EIS Recovery (%) 
MB LLOPR OPR CRM Soil 1 Soil 2 MB LLOPR OPR CRM Soil 1 Soil 2 

13C4-PFBA 8 - 130 + + + + + + + + + + + + 
13C5-PFPeA 35 - 130 + + + + + + + + + + + + 
13C5-PFHxA 40 - 130 + + + + + + + + + + + + 
13C4-PFHpA 40 - 130 + + + + + + + + + + + + 
13C8-PFOA 40 - 130 + + + + + + + + + + + + 
13C9-PFNA 40 - 130 + + + + + + + + + + + + 
13C6-PFDA 40 - 130 + + + + + + + + + + + + 
13C7-PFUnA 40 - 130 + + + + + + + + + + + + 
13C2-PFDoA 40 - 130 + + + + + + + + + + + + 
13C2-PFTeDA 20 - 130 + + + + + + + + + + + + 
13C3-PFBS 40 - 135 + + + + + + + + + + + + 
13C3-PFHxS 40 - 130 + + + + + + + + + + + + 
13C8-PFOS 40 - 130 + + + + + + + + + + + + 
13C8-PFOSA 40 - 130 + + + + + + + + + + + + 
D3-NMeFOSAA 40 - 135 + + + + + + + + + + + + 
D5-NEtFOSAA 40 - 150 + + + + + + + + + + + + 
13C2-4:2FTS 40 - 165 + + + + + + + + + + +* + 
13C2-6:2FTS 40 - 215 + + + + + + + + + + + + 
13C2-8:2FTS 40 - 275 + + + + + + + + + + + + 
13C3-HFPO-DA 40 - 130 + + + + + + + + + + + + 
D7-NMeFOSE 20 - 130 + + + + + + + + + + + + 
D9-NEtFOSE 15 - 130 + + + + + + + + + + + + 
D3-NMeFOSA 10 - 130 + + + + + + + + + + + + 
D5-NEtFOSA 10 - 130 + + + + + + + + + + + + 

 
+: Percent recovery of analyte fell within the passing acceptance criteria range.  
*: Single outlier removed. 
<LOQ: Recovered analyte concentration fell below the limit of quantitation. 
MB: Method Blank. 
LLOPR: Low-Level Ongoing Precision and Recovery. 
OPR: Ongoing Precision and Recovery. 
CRM: Certified Reference Material.
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1 Introduction 
This report presents the results of a study of soil samples prepared following U.S. Environmental Protection 
Agency (EPA) Method 1633A for the analysis of per- and polyfluoroalkyl substances (PFAS). The purpose 
of this study is to demonstrate that an automated pressurized fluid extraction (PFE) system may be used for 
the solvent extraction of solid samples in accordance with EPA Method 1633A.  To support this claim; data 
for spiked soil samples, a soil certified reference material (CRM), and field-contaminated soils are 
presented. Data for the CRM and contaminated samples were acquired by both EPA Method 1633A using 
manual extraction, and with a procedure using automated PFE for the solvent extraction of soil samples.  
The spiked soil data was generated using the PFE procedure only.  All sample analyses were outsourced to 
GEL Laboratories, LLC, which holds certification through the National Environmental Laboratory 
Accreditation Program (NELAP) as well as accreditation through the U.S. Department of Defense’s (DoD) 
Environmental Laboratory Accreditation Program (ELAP), and through the American Association for 
Laboratory Accreditation (A2LA) for the standard set forth by International Organization for 
Standardization (ISO) ISO17025. The entire workflow, including sample preparation, solvent extraction, 
cleanup, and analysis was performed by GEL Laboratories. The spiked sample prepared using the PFE 
procedure yielded reasonable recovery and percent relative standard deviation (%RSD) for all spiked native 
compounds and extracted internal standards (EIS).  For the CRM, both procedures yielded results within 
the Quality Control (QC) and the Proficiency Testing (PT) performance criteria range for all analytes (as 
specified by the CRM manufacturer). The native concentrations and EIS results of the two soil samples 
known to be contaminated with PFAS were also shown to be equivalent using both procedures.     

1.1 Background 
PFAS are a large class of synthetic compounds used across numerous industrial and commercial 
applications. Their chemical stability and resistance to degradation have led to widespread environmental 
occurrence and potential bioaccumulation. EPA Method 1633A was developed to support the accurate and 
consistent measurement of PFAS across a range of environmental matrices. 

Laboratories performing EPA Method 1633A may benefit from automating the solvent extraction portion 
of the method.  The manual solvent extraction procedure specified in the method is a long manual process.  
Automating the solvent extraction not only saves laboratory time, but also provides a procedure that is user-
friendly, precise, and efficient.  Consequently, evaluating PFE as an alternative extraction technique allows 
assessment of its suitability and performance relative to the current manual extraction procedure. 

1.2 Procedure Summary  

The EDGE PFAS™ (CEM Corp.) automated extraction system was used to perform PFE in this study. 
When automated PFE was employed, the solvent extraction step was the only procedural difference from 
EPA Method 1633A. No changes were made to the solvents, volumes, or cycles specified in EPA Method 
1633A.  In EPA Method 1633A Section 11.3 (Solid Sample Processing), solvent extraction is referenced 
in sections 11.3.4, 11.3.5, and 11.3.6.  For the PFE procedure, the EDGE PFAS system replaced the solvent 
addition, vortex, shake, centrifuge, and transfer steps described in these sections. The PFE procedure, 
including the EDGE PFAS extraction program, can be found in section 2.5 of this report.   
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Table 1-1. Names, Abbreviations, and Chemical Abstract Service Registry Numbers 
(CASRN) for Target PFAS and Internal Standards 

Analyte Name Abbreviation CASRN 
Target Analytes 
Perfluoroalkyl carboxylic acids 
Perfluorobutanoic acid PFBA 375-22-4 
Perfluoropentanoic acid PFPeA 2706-90-3 
Perfluorohexanoic acid PFHxA 307-24-4 
Perfluoroheptanoic acid PFHpA 375-85-9 
Perfluorooctanoic acid PFOA 335-67-1 
Perfluorononanoic acid PFNA 375-95-1 
Perfluorodecanoic acid PFDA 335-76-2 
Perfluoroundecanoic acid PFUnA 2058-94-8 
Perfluorododecanoic acid PFDoA 307-55-1 
Perfluorotridecanoic acid PFTrDA 72629-94-8 
Perfluorotetradecanoic acid PFTeDA 376-06-7 
Perfluoroalkyl sulfonic acids 
Acid Form 
Perfluorobutanesulfonic acid PFBS 375-73-5 
Perfluoropentanesulfonic acid PFPeS 2706-91-4 
Perfluorohexanesulfonic acid PFHxS 355-46-4 
Perfluoroheptanesulfonic acid PFHpS 375-92-8 
Perfluorooctanesulfonic acid PFOS 1763-23-1 
Perfluorononanesulfonic acid PFNS 68259-12-1 
Perfluorodecanesulfonic acid PFDS 335-77-3 
Perfluorododecanesulfonic acid PFDoS 79780-39-5 
Fluorotelomer sulfonic acids 
1H,1H,2H,2H-Perfluorohexane sulfonic acid 4:2FTS 757124-72-4 
1H,1H,2H,2H-Perfluorooctane sulfonic acid 6:2FTS 27619-97-2 
1H,1H,2H,2H-Perfluorodecane sulfonic acid 8:2FTS 39108-34-4 
Perfluorooctane sulfonamides 
Perfluorooctanesulfonamide PFOSA 754-91-6 
N-methyl perfluorooctanesulfonamide NMeFOSA 31506-32-8 
N-ethyl perfluorooctanesulfonamide NEtFOSA 4151-50-2 
Perfluorooctane sulfonamidoacetic acids 
N-methyl perfluorooctanesulfonamidoacetic acid NMeFOSAA 2355-31-9 
N-ethyl perfluorooctanesulfonamidoacetic acid NEtFOSAA 2991-50-6 
Perfluorooctane sulfonamide ethanols 
N-methyl perfluorooctanesulfonamidoethanol NMeFOSE 24448-09-7 
N-ethyl perfluorooctanesulfonamidoethanol NEtFOSE 1691-99-2 
Per- and Polyfluoroether carboxylic acids 
Hexafluoropropylene oxide dimer acid HFPO-DA 13252-13-6 
4,8-Dioxa-3H-perfluorononanoic acid ADONA 919005-14-4 
Perfluoro-3-methoxypropanoic acid PFMPA 377-73-1 
Perfluoro-4-methoxybutanoic acid PFMBA 863090-89-5 
Nonafluoro-3,6-dioxaheptanoic acid NFDHA 151772-58-6 
Ether sulfonic acids 
9-Chlorohexadecafluoro-3-oxanonane-1-sulfonic acid 9Cl-PF3ONS 756426-58-1 
11-Chloroeicosafluoro-3-oxaundecane-1-sulfonic acid 11Cl-PF3OUdS 763051-92-9 
Perfluoro(2-ethoxyethane) sulfonic acid PFEESA 113507-82-7 
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Table 1-1. Names, Abbreviations, and Chemical Abstract Service Registry Numbers 
(CASRN) for Target PFAS and Internal Standards (Continued) 

Analyte Name Abbreviation CASRN 
Fluorotelomer carboxylic acids 
3-Perfluoropropyl propanoic acid 3:3FTCA 356-02-5 
2H,2H,3H,3H-Perfluorooctanoic acid 5:3FTCA 914637-49-3 
3-Perfluoroheptyl propanoic acid 7:3FTCA 812-70-4 
Extracted Internal Standard (EIS) Compounds 
Perfluoro-n-[13C4]butanoic acid 13C4-PFBA 

NA 

Perfluoro-n-[13C5]pentanoic acid 13C5-PFPeA 
Perfluoro-n-[ 1,2,3,4,6-13C5]hexanoic acid 13C5-PFHxA 
Perfluoro-n-[ 1,2,3,4-13C4]heptanoic acid 13C4-PFHpA 
Perfluoro-n-[13C8]octanoic acid 13C8-PFOA 
Perfluoro-n-[13C9]nonanoic acid 13C9-PFNA 
Perfluoro-n-[1,2,3,4,5,6-13C6]decanoic acid 13C6-PFDA 
Perfluoro-n-[1,2,3,4,5,6,7-13C7]undecanoic acid 13C7-PFUnA 
Perfluoro-n-[1,2-13C2]dodecanoic acid 13C2-PFDoA 
Perfluoro-n-[1,2-13C2]tetradecanoic acid 13C2-PFTeDA 
Perfluoro-1-[2,3,4-13C3]butanesulfonic acid 13C3-PFBS 
Perfluoro-1-[1,2,3-13C3]hexanesulfonic acid 13C3-PFHxS 
Perfluoro-1-[13C8]octanesulfonic acid 13C8-PFOS 
Perfluoro-1-[13C8]octanesulfonamide 13C8-PFOSA 
N-methyl-d3-perfluoro-1-octanesulfonamidoacetic acid D3-NMeFOSAA 
N-ethyl-d5-perfluoro-1-octanesulfonamidoacetic acid D5-NEtFOSAA 
1H,1H,2H,2H-Perfluoro-1-[1,2-13C2]hexanesulfonic acid 13C2-4:2FTS 
1H,1H,2H,2H-Perfluoro-1-[1,2-13C2]octanesulfonic acid 13C2-6:2FTS 
1H,1H,2H,2H-Perfluoro-1-[1,2-13C2]decanesulfonic acid 13C2-8:2FTS 
Tetrafluoro-2-heptafluoropropoxy-13C3-propanoic acid 13C3-HFPO-DA 
N-methyl-d7-perfluorooctanesulfonamidoethanol D7-NMeFOSE 
N-ethyl-d9-perfluorooctanesulfonamidoethanol D9-NEtFOSE 
N-methyl-d3-perfluoro-1-octanesulfonamide D3-NMeFOSA 
N-ethyl-d5-perfluoro-1-octanesulfonamide D5-NEtFOSA 
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2 Study Objective, Design, and Implementation  

2.1 Study Objective and Design 
The objective of this study is to provide supporting data showing that automated PFE via the EDGE PFAS 
extraction system can be employed for the solvent extraction of soils in adherence with EPA Method 
1633A. The overall study was discussed with members of the EPA Office of Water (OW) and deemed to 
be a viable study. The intention is that sharing the supporting data of these samples with various offices of 
the EPA for review will result in acknowledgement of the efforts taken by CEM Corporation to validate 
the EDGE PFAS automated PFE system for the extraction of soil samples. 

While the EPA Method 1633A is performance-based (as stated in Method 1633A Section 1.5), and 
extraction is a noted step that can be changed if performance criteria are met (as stated in Method 1633A 
Section 9.1.2), clarity on the allowable changes is often requested by those running EPA Method 1633A.  
The goal of this study was to mitigate this confusion regarding the use of PFE by providing performance 
data demonstrating said technology can be used in lieu of manual solvent extraction.  

Prior to this study, a separate study was conducted to identify the ideal extraction temperature (via 
automated PFE) to achieve optimum recoveries for a spiked real-world soil sample matrix. This temperature 
study confirmed that an extraction temperature of 65°C yielded the best overall results for the 40 PFAS 
analytes in EPA Method 1633A (see Table 1-1 for a list of PFAS analytes and Table A-2 of Appendix A 
for the temperature study results). 

The present study was designed to expand upon those results by evaluating real-world samples and show a 
side-by-side comparison of the proposed technique to the manual procedure.  In addition, to ensure that 
data was generated for all 40 PFAS in EPA Method 1633A, a spiked soil sample and a CRM were included. 
All applicable quality control was performed in accordance with EPA Method 1633A. 

The following experiments were conducted to evaluate the suitability of automated PFE across controlled, 
reference, and real-world matrices in alignment with the performance-based framework of EPA Method 
1633A as outlined in Table 2-1, below.  

Table 2-1: Study Conditions 

Procedure Sample Shorthand Name Condition Replicates 

Manual 
ERA CRM #603 "CRM" Matrix Blank 3 
AFFF-Contaminated Soil 1 "Soil 1" Matrix Blank 3 
AFFF-Contaminated Soil 2 "Soil 2" Matrix Blank 3 

Automated PFE 

Local North Carolina Soil "NC Soil" Matrix Blank 1 
Local North Carolina Soil "NC Soil" Mid-Level Spike 3 
ERA CRM #603 "CRM" Matrix Blank 3 
AFFF-Contaminated Soil 1 "Soil 1" Matrix Blank 3 
AFFF-Contaminated Soil 2 "Soil 2" Matrix Blank 3 

 
The NC Soil was only extracted via the PFE procedure in a preliminary study in which the goal was to assess spiking 
recovery while optimizing the extraction temperature. Information regarding the temperature optimization portion of this 
study can be found in Appendix A. 

 



Evaluation of Automated Pressurized Fluid Extraction in Accordance with EPA Method 1633A 
   CEM Corporation 

 

5 Date: June 05, 2026 

2.2 Matrices and Sample Selection 
For the matrix spike study, the North Carolina Soil (“NC Soil”) sample was chosen because it did not 
contain any of the 40 PFAS listed in EPA Method 1633A above the reporting limits. The NC Soil sample, 
therefore, provides a clear assessment of the method performance for each of the spiked PFAS compounds 
on a real-world sample. This sample was a dry soil (<10% moisture content) that had been sourced locally. 
The non-spiked data for the soil used in the spiking study is provided in Table A-1 of Appendix A.   

A CRM from Waters ERA (PFAS in Soil, Cat. Number 603), similar to the sample material used in the 
multi-laboratory validation study for EPA Method 1633A (Willey et al., 2024), was included to evaluate 
accuracy against known certified values. The certified levels of PFAS in the ERA CRM are provided in 
Table B-1 of Appendix B. Two field-contaminated soils, that had been pre-dried and known to be 
contaminated with Aqueous Film-Forming Foam (AFFF), were provided with the help of the EPA Office 
of Land and Emergency Management (OLEM). The AFFF Field Contaminated Soils 1 and 2 will be 
referred to as “Soil 1” and “Soil 2” (respectively) moving forward, as specified in Table 2-1.  These samples 
represent real-world test matrices to allow direct comparison between the manual and automated solvent 
extraction procedures.   

2.3 Selection of Spiking Levels 
All spiking levels for both native PFAS and the extracted internal standards were determined by GEL 
Laboratories in accordance with their standard operating procedure for EPA Method 1633A. For QC 
samples (low-level ongoing precision and recovery (LLOPR) samples and ongoing precision and recovery 
(OPR) samples), a low-level spike and mid-level spike were used in reagent-grade (PFAS-free) sand.  For 
the spiked NC Soil sample, a mid-level spike was used. The approximate native compound spiking 
concentrations can be found in Table 2-2. The approximate extracted internal standard spiking 
concentrations can be found in Table 2-3.    
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Table 2-2: Native Analyte Spiking Levels for QC Samples and NC Soil Matrix Spike 

Analyte LLOPR 
(ng/g) 

OPR 
(ng/g) 

NC Soil 
(ng/g) 

PFBA 0.638 9.97 10.0 
PFPeA 0.319 4.99 5.00 
PFHxA 0.159 2.49 2.50 
PFHpA 0.159 2.49 2.50 
PFOA 0.159 2.49 2.50 
PFNA 0.159 2.49 2.50 
PFDA 0.159 2.49 2.50 
PFUnA 0.159 2.49 2.50 
PFDoA 0.159 2.49 2.50 
PFTrDA 0.159 2.49 2.50 
PFTeDA 0.159 2.49 2.50 
PFBS 0.141 2.21 2.22 
PFPeS 0.150 2.35 2.35 
PFHxS 0.146 2.28 2.29 
PFHpS 0.152 2.38 2.38 
PFOS 0.148 2.31 2.32 
PFNS 0.153 2.40 2.41 
PFDS 0.154 2.41 2.41 
PFDoS 0.155 2.42 2.43 
4:2FTS 0.624 9.35 9.38 
6:2FTS 0.606 9.47 9.51 
8:2FTS 0.612 9.57 9.61 
PFOSA 0.159 2.49 2.50 
NMeFOSA 0.159 2.49 2.50 
NEtFOSA 0.159 2.49 2.50 
NMeFOSAA 0.159 2.49 2.50 
NEtFOSAA 0.159 2.49 2.50 
NMeFOSE 1.59 24.9 25.0 
NEtFOSE 1.59 24.9 25.0 
HFPO-DA 0.638 9.97 10.0 
ADONA 0.603 9.42 9.46 
PFMPA 0.319 4.99 5.00 
PFMBA 0.319 4.99 5.00 
NFDHA 0.319 4.99 5.00 
9Cl-PF3ONS 0.596 9.32 9.36 
11Cl-PF3OUdS 0.603 9.42 9.46 
PFEESA 0.284 4.44 4.45 
3:3FTCA 0.638 9.97 10.0 
5:3FTCA 3.19 49.9 50.0 
7:3FTCA 3.19 49.9 50.0 

 

  



Evaluation of Automated Pressurized Fluid Extraction in Accordance with EPA Method 1633A 
   CEM Corporation 

 

7 Date: June 05, 2026 

Table 2-3: Extracted Internal Standard Spiking Levels 

Analyte QC                
(ng/g) 

NC Soil 
(ng/g) 

CRM             
(ng/g) 

Soil 1         
(ng/g) 

Soil 2         
(ng/g) 

13C4-PFBA 7.98 8.00 8.00 182 208 
13C5-PFPeA 3.99 4.00 4.00 91.2 104 
13C5-PFHxA 2.00 2.00 2.00 45.6 52.1 
13C4-PFHpA 2.00 2.00 2.00 45.6 52.1 
13C8-PFOA 2.00 2.00 2.00 45.6 52.1 
13C9-PFNA 1.00 1.00 1.00 22.8 26.0 
13C6-PFDA 1.00 1.00 1.00 22.8 26.0 
13C7-PFUnA 1.00 1.00 1.00 22.8 26.0 
13C2-PFDoA 1.00 1.00 1.00 22.8 26.0 
13C2-PFTeDA 1.00 1.00 1.00 22.8 26.0 
13C3-PFBS 1.86 1.87 1.86 42.5 48.5 
13C3-PFHxS 1.89 1.90 1.90 43.2 49.4 
13C8-PFOS 1.91 1.92 1.92 43.7 49.9 
13C8-PFOSA 2.00 2.00 2.00 45.6 52.1 
D3-NMeFOSAA 3.99 4.00 4.00 91.2 104 
D5-NEtFOSAA 3.99 4.00 4.00 91.2 104 
13C2-4:2FTS 3.74 3.75 3.75 85.6 97.7 
13C2-6:2FTS 3.80 3.81 3.80 86.8 99.0 
13C2-8:2FTS 3.83 3.84 3.84 87.6 100 
13C3-HFPO-DA 7.98 8.00 8.00 182 208 
D7-NMeFOSE 20.0 20.0 20.0 456 521 
D9-NEtFOSE 20.0 20.0 20.0 456 521 
D3-NMeFOSA 2.00 2.00 2.00 45.6 52.1 
D5-NEtFOSA 2.00 2.00 2.00 45.6 52.1 

 
“QC” refers to the quality control samples, such as method blanks and ongoing precision and recovery 
samples. The same volume of EIS was added to each of the two “Soil” samples. The spiking concentrations 
differ between the two soils due to the differences in extraction masses (see Section 2.4 of this report).  
 

2.4 Preparation of Study Samples 
The QC sand, NC Soil, and CRM samples were all used as received. 

The two AFFF-contaminated soil samples used for the equivalency study were processed using a No. 8 
(2.36 mm) standard testing sieve to remove large rocks and improve sample homogeneity but were 
otherwise used as received. Although both soils were sieved, Soil 1 was the only sample with large enough 
particulates to be captured by the sieve.  

After sieving, an aliquot was taken from each soil to determine the percent solids. Percent solids were 
calculated following traditional air oven loss-on-drying procedures as specified in EPA Method 1633A 
Section 11.1.2. Based on these results, the equivalent wet weight corresponding to 5.0 grams (g) of dry soil 
was determined, and this wet weight was used for extraction.  

The samples were not dried further prior to extraction. The calculated percent solids and associated 
equivalent wet weights used for extraction are listed in Table 2-4.  

Table 2-4: Percent Solids and Equivalent Wet Weights of Soils Used for Extraction 

  NC Soil Soil 1 Soil 2 
Percent Solids 94.1% 95.8% 96.3% 
Equivalent Wet-Weight to 5.0 g Dry-Weight 5.3135 g 5.2192 g 5.1921 g 
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2.5 Extraction Procedure 
There were two extraction procedures performed for this report. The first was the “Manual” extraction 
procedure, which followed the extraction procedure as outlined for solid samples in EPA Method 1633A 
Section 11.3.  

The second extraction procedure employed an automated “PFE” (pressurized fluid extraction) technique. 
Specifically, the PFE procedure outlined here was developed using the EDGE PFAS system, as described 
throughout the rest of this section. The fluidic pathway of this system is constructed primarily of stainless 
steel and polyethylene and does not contain PTFE components. 

When using the EDGE PFAS system for automated PFE, the 5 g (dry-weight) soil samples were prepared 
using a sample cell made of hard anodized aluminum as opposed to the standard 50-mL polypropylene 
centrifuge tube that is typically used for extraction. This sample cell, called a Q-Cup®, was equipped with 
a PFAS-free 0.3 µm glass fiber filter supported by cellulose filter discs (otherwise known as the Q-Disc® 
PFAS). The samples were weighed directly into the assembled sample cell, spiked with the EIS, and then 
placed in the system rack. Paired with each sample cell in the system rack is a 50 mL centrifuge tube used 
for collection of the final extract. Up to 12 sample cell and centrifuge tube pairings can be placed in the 
EDGE PFAS system rack at one time.  

After the prescribed equilibration period for spiking (as specified in EPA 1633A Section 11.3.3) had 
elapsed, the system rack was placed into the automated PFE system for extraction via the program outlined 
in Table 2-5. The automated PFE system allows for sequential extraction based on a user-specified sample 
queue order. Upon beginning the automated extraction procedure, the system removes the specified sample 
cell from the sample rack, places it into the reaction chamber, and then the reaction chamber is sealed. 
During the typical solvent extraction cycle in the EDGE PFAS system, a minimal amount of pressure, 
around 20 PSI, is applied to the chamber. Additional pressure may be generated as the solvent is heated.  

The solvent extraction procedure consisted of three automated cycles (described in Table 2-5).  For cycle 
one, 10 mL of 0.3% ammonium hydroxide in methanol was added to the sample cell within the reaction 
chamber and was then heated to 65°C for three minutes. Upon the conclusion of cycle one, the extract was 
passed through the equipped filter discs prior to being collected in the appropriate 50-mL polypropylene 
centrifuge tube in the sample rack. For cycle two, 15 mL of 0.3% ammonium hydroxide in methanol was 
added to the sample cell that was then heated to 65°C for three minutes, passed through the filter discs, and 
then collected in the same centrifuge tube as cycle one. For the final cycle, 5 mL of 0.3% ammonium 
hydroxide in methanol was added to the sample cell and was immediately filtered and collected in the same 
centrifuge tube as the other two cycles. The final extract was a filtered combination of these three extraction 
cycles, ready to undergo the remaining steps outlined in EPA Method 1633A, resuming the procedure at 
section 11.3.7. The overall extraction procedure is outlined in Figure 2-1.  

Table 2-5: EDGE PFAS Extraction Program 

Cycle Solvent 
Top 

Volume 
(mL) 

Temperature 
(°C) 

Hold 
Time 
(m:ss) 

Rinse 
Volume 

(mL) 
Vial 

1 0.3% Ammonium Hydroxide in Methanol 10 65 3:00 0 1 
2 0.3% Ammonium Hydroxide in Methanol 15 65 3:00 0 1 
3 0.3% Ammonium Hydroxide in Methanol 0 ---- --:-- 5 1 
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Figure 2-1: Procedure for Automated Pressurized Fluid Extraction via EDGE PFAS™ 
The automated PFE procedure requires only sample cell assembly, sample weighing, and programming the method onto 
the EDGE PFAS system. Upon conclusion of the automated extraction sequence, the combined extract can undergo the 
remaining solid sample processing steps (resuming at EPA Method 1633A Section 11.3.8) followed by cleanup and 
analysis. 

 
Since the automated EDGE PFAS system extracts the samples in sequence, the washing parameters are of 
utmost importance to remove any chances of cross-contamination or carryover. After the extraction 
program has been concluded, the system automatically returns the sample cell back into the appropriate 
sample rack position. Prior to loading the next sample cell into the reaction chamber, the empty reaction 
chamber is sealed to undergo a washing program that rinses the entire fluidic pathway and discards the rinse 
directly into a waste bottle. 

The washing program used to accompany the pressurized fluid extraction procedure is outlined in Table 2-
6. The first washing cycle used 10 mL of isopropanol, which was immediately rinsed through the system. 
The second washing cycle used 10 mL of 0.3% ammonium hydroxide in methanol that was heated to 65°C 
for 30 seconds in the chamber and was then rinsed through the system. The final wash used 10 mL of 0.3% 
ammonium hydroxide in methanol that was immediately rinsed through the system. It is important to note 
that heat should not be applied during the final washing cycle, as it is ideal for there to be a reduction of 
temperature within the reaction chamber prior to the start of the next extraction program.   

Table 2-6: EDGE PFAS Washing Program 

Wash Solvent Volume 
(mL) 

Hold Time 
(m:ss) 

Temperature 
(°C) 

1 Isopropanol 10 --- --- 
2 0.3% Ammonium Hydroxide in Methanol 10 0:30 65 
3 0.3% Ammonium Hydroxide in Methanol 10 --- --- 

 

After the automated washing procedure has been completed, the system will automatically load the next 
sample cell into the reaction chamber to progress with the sample queue.  
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3 Calibration and Quantification 
Calibration and quantification were performed by GEL Laboratories in accordance with EPA Method 
1633A.   

 

 

 

 

 

 

 

 

 

 

_____________________________________________________________________________________ 

4 Quality Control 

4.1  Initial Demonstration of Capabilities 

GEL Laboratories, as an EPA Method 1633A certified laboratory, presented initial precision and recovery 
(IPR) data meeting the criteria of the procedure.   

4.2 Method Detection and Quantitation Limits 

Table 4-1 lists the method detection limits (MDL) and limits of quantitation (LOQ) achieved in this study 
for the 40 native PFAS listed in EPA Method 1633A. 
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Table 4-1: Method Detection Limits (MDL) and Limits of Quantitation (LOQ) for all Target PFAS Analytes 

Analyte QC NC Soil CRM Soil 1 Soil 2 
MDL (ng/g) LOQ (ng/g) MDL (ng/g) LOQ (ng/g) MDL (ng/g) LOQ (ng/g) MDL (ng/g) LOQ (ng/g) MDL (ng/g) LOQ (ng/g) 

PFBA 0.266 0.799 0.268 0.804 0.267 0.800 6.08 18.2 6.93 20.8 
PFPeA 0.133 0.399 0.134 0.402 0.133 0.400 3.04 9.12 3.47 10.4 
PFHxA 0.0666 0.200 0.067 0.201 0.0667 0.200 1.52 4.56 1.73 5.20 
PFHpA 0.0666 0.200 0.067 0.201 0.0667 0.200 1.52 4.56 1.73 5.20 
PFOA 0.0666 0.200 0.067 0.201 0.0667 0.200 1.52 4.56 8.67 26.0 
PFNA 0.0666 0.200 0.067 0.201 0.0667 0.200 1.52 4.56 1.73 5.20 
PFDA 0.0666 0.200 0.067 0.201 0.0667 0.200 1.52 4.56 1.73 5.20 
PFUnA 0.0666 0.200 0.067 0.201 0.0667 0.200 1.52 4.56 1.73 5.20 
PFDoA 0.0666 0.200 0.067 0.201 0.0667 0.200 1.52 4.56 1.73 5.20 
PFTrDA 0.0666 0.200 0.067 0.201 0.333 1.00 1.52 4.56 1.73 5.20 
PFTeDA 0.0666 0.200 0.067 0.201 0.0667 0.200 1.52 4.56 1.73 5.20 
PFBS 0.0590 0.177 0.059 0.178 0.296 0.887 6.74 20.2 1.54 4.61 
PFPeS 0.0626 0.188 0.063 0.189 0.0627 0.188 1.43 4.29 1.63 4.89 
PFHxS 0.0608 0.182 0.061 0.184 0.0609 0.183 6.95 20.8 7.92 23.8 
PFHpS 0.0634 0.190 0.064 0.191 0.0635 0.191 7.24 21.7 1.65 4.96 
PFOS 0.0618 0.185 0.062 0.186 0.309 0.928 14.1 42.3 16.1 48.3 
PFNS 0.0639 0.192 0.064 0.193 0.0640 0.192 7.30 21.9 1.66 5.00 
PFDS 0.0642 0.193 0.065 0.194 0.322 0.965 7.34 22.0 1.67 5.02 
PFDoS 0.0646 0.194 0.065 0.195 0.0647 0.194 7.37 22.1 1.68 5.04 
4:2FTS 0.250 0.749 0.251 0.753 0.250 0.750 5.70 17.1 6.50 19.5 
6:2FTS 0.253 0.759 0.254 0.763 0.253 0.760 28.9 86.7 6.59 19.8 
8:2FTS 0.256 0.767 0.257 0.772 0.256 0.768 5.84 17.5 6.66 20.0 
PFOSA 0.0666 0.200 0.067 0.201 0.0667 0.200 7.60 22.8 8.67 26.0 
NMeFOSA 0.0666 0.200 0.067 0.201 0.333 1.00 7.60 22.8 1.73 5.20 
NEtFOSA 0.0666 0.200 0.067 0.201 0.0667 0.200 7.60 22.8 1.73 5.20 
NMeFOSAA 0.0666 0.200 0.067 0.201 0.0667 0.200 7.60 22.8 1.73 5.20 
NEtFOSAA 0.0666 0.200 0.067 0.201 0.0667 0.200 7.60 22.8 1.73 5.20 
NMeFOSE 0.666 2.00 0.670 2.01 0.667 2.00 76.0 228 17.3 52.0 
NEtFOSE 0.666 2.00 0.670 2.01 0.667 2.00 76.0 228 17.3 52.0 
HFPO-DA 0.266 0.799 0.268 0.804 0.267 0.800 6.08 18.2 6.93 20.8 
ADONA 0.252 0.755 0.253 0.759 0.252 0.756 5.75 17.2 6.55 19.7 
PFMPA 0.133 0.399 0.134 0.402 0.133 0.400 3.04 9.12 3.47 10.4 
PFMBA 0.133 0.399 0.134 0.402 0.133 0.400 3.04 9.12 3.47 10.4 
NFDHA 0.133 0.399 0.134 0.402 0.133 0.400 3.04 9.12 3.47 10.4 
9Cl-PF3ONS 0.249 0.747 0.250 0.751 0.249 0.748 5.69 17.1 6.48 19.4 
11Cl-PF3OUdS 0.252 0.755 0.253 0.759 0.252 0.756 5.75 17.2 6.55 19.7 
PFEESA 0.118 0.355 0.119 0.358 0.119 0.356 2.71 8.12 3.09 9.26 
3:3FTCA 0.266 0.799 0.268 0.804 0.267 0.800 6.08 18.2 6.93 20.8 
5:3FTCA 1.33 3.99 1.34 4.02 1.33 4.00 30.4 91.2 34.7 104 
7:3FTCA 1.33 3.99 1.34 4.02 1.33 4.00 30.4 91.2 34.7 104 

 
“QC” refers to the quality control samples, such as method blanks and ongoing precision and recovery samples. Between the two procedures, the approximate MDLs and LOQs are 
equivalent for almost all compounds, with the exception of PFHxS, 4:2FTS, and 8:2FTS due to a difference in final dilution level. For these three compounds, the values represented 
in the table are for the PFE procedure. The respective MDL and LOQ (in ng/g) for the EPA 1633A procedure are as follows: PFHxS (13.9, 41.7); 4:2FTS (28.5, 85.5); and 8:2 FTS 
(29.2, 87.6). 
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4.3 Method Performance 
Ongoing method performance was demonstrated via the analysis of method blanks as well as ongoing 
precision and recovery samples spiked with native analytes at low- (LLOPR) and mid- (OPR) levels to 
assess control of the analytical batch. These results are discussed in Section 6.2 of this report.  

Method performance was also monitored by way of spiking all samples with isotopically labeled 
compounds (i.e. the extracted internal standard) and verifying that recoveries were within acceptable limits 
as set forth in EPA Method 1633A Table 8. The EIS recoveries of study samples are discussed in Section 
5.4 of this report, and the recoveries of quality control samples are discussed in Section 6.2 of this report.  
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5 Precision and Recovery in Soils   

5.1 NC Soil Matrix Spike Results 
The triplicate NC Soil matrix spikes extracted using the automated PFE procedure had excellent recoveries 
for each of the 40 native PFAS listed in EPA Method 1633A. All recoveries were within the range of 87%-
115%, with a mean percent recovery for all compounds of 101%. The %RSDs for all 40 native PFAS 
compounds were also excellent. The mean %RSD for all compounds was 4.97%, with 35 of the 40 target 
analytes having %RSD values less than 10%. The replicate percent recoveries, replicate percent relative 
standard deviation, and pooled recoveries across all replicates for the spiked NC Soil are summarized in 
Table 5-1.   

Replicate 1 of the spiked NC Soil matrix exhibited a low recovery of 62% for 7:3FTCA. Across all 
replicates for 7:3FTCA, this resulted in a large %RSD of 25.8%, although the mean percent recovery was 
still excellent at 92%. Upon exclusion of Replicate 1 data for 7:3FTCA in the calculations, the %RSD and 
mean percent recovery improved to 12.1% and 107%, respectively.  

In the analytical run for Replicate 2, 9Cl-PF3ONS exhibited a low percent recovery of 65%. Across all 
runs, the mean percent recovery for this compound was 94% with a %RSD of 21.8%. The higher %RSD 
reflects the variability due to one replicate rather than a bias across the dataset. Upon removal of this 
replicate for 9-Cl-PF3ONS, the %RSD improved to 2.78%.  

Additionally, 5:3FTCA exhibited a high percent recovery of 138% in Replicate 3. However, even when 
including Replicate 3, the mean percent recovery for this compound was 115% with a %RSD of 14%. Upon 
the exclusion of Replicate 3, the mean percent recovery and percent relative standard deviation improved 
to 104% and 1.92%, respectively. The recoveries and standard deviations for all analytes are graphically 
displayed in Figure 5-1.  
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Figure 5-1. Spiked NC Soil Matrix Mean Percent Recovery and Percent Relative Standard Deviation 
This figure includes the mean percent recovery and standard deviation for each analyte across replicates of the spiked soil matrix. The green lines represent a reference to the 
control limits of 70% and 130%. The blue line represents the mean percent recovery across all analytes and replicates (101%). Analyte labels tagged with an asterisk (*) indicate 
that outliers have been removed.  
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Table 5-1: Spiked NC Soil Matrix Percent Recovery Data Including Percent Relative 
Standard Deviation Between Replicates 

Analytes Recovery (%) Mean 
Recovery (%) %RSD Replicate 1 Replicate 2 Replicate 3 

PFBA 104 108 105 106 1.61 
PFPeA 114 110 113 112 1.51 
PFHxA 98.0 94.0 116 103 9.32 
PFHpA 91.0 101 95.0 95.7 4.30 
PFOA 96.0 93.0 102 97.0 3.86 
PFNA 108 95.0 104 102 5.31 
PFDA 104 103 100 102 1.66 
PFUnA 103 101 97.0 100 2.49 
PFDoA 103 98.0 99.0 100 2.16 
PFTrDA 110 110 122 114 4.96 
PFTeDA 108 102 102 104 2.72 
PFBS 105 99.0 102 102 2.40 
PFPeS 104 95.0 103 101 4.00 
PFHxS 94.0 90.0 101 95.0 4.79 
PFHpS 97.0 101 100 99.3 1.71 
PFOS 97.0 94.0 92.0 94.3 2.18 
PFNS 102 102 104 103 0.92 
PFDS 105 104 99.0 103 2.56 
PFDoS 92.0 89.0 81.0 87.3 5.32 
4:2FTS 91.0 102 102 98.3 5.27 
6:2FTS 102 97.0 97.0 98.7 2.39 
8:2FTS 117 104 105 109 5.44 
PFOSA 87.0 91.0 94.0 90.7 3.16 
NMeFOSA 105 103 100 103 2.00 
NEtFOSA 104 103 99.0 102 2.12 
NMeFOSAA 107 101 106 105 2.51 
NEtFOSAA 96.0 98.0 92.0 95.3 2.62 
NMeFOSE 96.0 99.0 100 98.3 1.73 
NEtFOSE 99.0 100 100 100 0.47 
HFPO-DA 102 110 103 105 3.39 
ADONA 115 99.0 106 107 6.14 
PFMPA 98.0 100 98.0 98.7 0.96 
PFMBA 110 109 99.0 106 4.69 
NFDHA 103 98.0 128 110 12.0 
9Cl-PF3ONS 105 65.0 111 93.7 21.8 
11Cl-PF3OUdS 107 107 106 107 0.44 
PFEESA 104 104 71.0 93.0 16.7 
3:3FTCA 88.0 91.0 91.0 90.0 1.57 
5:3FTCA 106 102 138 115 14.0 
7:3FTCA 62.0 94.0 120 92.0 25.8 
            

Pooled Calculations Across All Analytes 

Minimum 87.3 0.44 
Maximum 115 25.8 

Mean 101 4.97 
Median 101 2.67 
%RSD 6.28 --- 
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5.2 CRM Results 
For the ERA CRM, passing recoveries were achieved for both procedures for all compounds specified 
within the certificate of analysis for the CRM. The acceptance criteria and performance results are detailed 
in Table 5-2. When comparing the percent recoveries across all analytes, both the manual procedure and 
the PFE procedure yielded very similar results with regards to the recovery range (67.1-106% for Manual, 
69.9-110% for PFE). Upon calculation of the percent relative standard deviation across all analyte 
recoveries, the precision between methods was also very similar (%RSD of 9.08% for Manual, 11.2% for 
PFE).  However, calculation of the mean percent recovery across all analytes revealed a mean percent 
recovery of 85.5% for samples extracted via the manual procedure versus a mean of 96.3% for samples 
extracted via the automated PFE procedure. This data suggests improved accuracy upon utilization of PFE.  
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Table 5-2: ERA CRM #603 Performance Acceptance Limits (PALs) for Quality Control (QC) and Proficiency Testing (PT), 
Certified Values, Sample Recovery, and Recovery Performance for Each Procedure 

Analyte 

QC PAL PT PAL  Certified 
Value 
(ng/g) 

Uncertainty 
(%) 

Manual PFE 

Low 
(ng/g) 

High 
(ng/g) 

Low 
(ng/g) 

High 
(ng/g) 

Result 
(ng/g) 

Recovery 
(%) Performance Result 

(ng/g) 
Recovery 

(%) Performance 

PFBA 9.06 18.10 6.8 20.3 13.6 16.4 12.5 91.9 PASS 13.8 101 PASS 
PFPeA 4.53 9.04 3.4 10.2 6.8 16.4 5.77 84.9 PASS 5.50 80.9 PASS 
PFHxA N/A N/A N/A N/A <2.5 N/A <MDL N/A N/A <MDL N/A N/A 
PFHpA 11.5 22.9 8.6 25.7 17.2 17.2 14.0 81.4 PASS 15.5 90.1 PASS 
PFOA 13.9 27.7 10.4 31.1 20.8 19.4 17.1 82.2 PASS 21.4 103 PASS 
PFNA 14.9 29.8 11.2 33.5 22.4 13.4 19.1 85.3 PASS 21.8 97.3 PASS 
PFDA 7.99 16 6 18 12 16.8 11.3 94.2 PASS 11.1 92.5 PASS 
PFUnA N/A N/A N/A N/A <2.5 N/A <MDL N/A N/A <MDL N/A N/A 
PFDoA 4.8 9.58 3.6 10.8 7.2 17.3 6.29 87.4 PASS 7.15 99.3 PASS 
PFTrDA 21.3 42.6 16 47.9 32 18.9 26.5 82.8 PASS 28.3 88.4 PASS 
PFTeDA N/A N/A N/A N/A <2.5 N/A <MDL N/A N/A <MDL N/A N/A 
PFBS 30.6 61.2 23 68.8 46 21 45.1 98.0 PASS 47.8 104 PASS 
PFPeS N/A N/A N/A N/A <2.5 N/A <MDL N/A N/A <MDL N/A N/A 
PFHxS 12.6 25.1 9.45 28.3 18.9 17.8 16.2 85.7 PASS 17.5 92.6 PASS 
PFHpS 4.45 8.88 3.34 9.99 6.68 20.8 7.05 106 PASS 7.25 109 PASS 
PFOS 30.9 61.7 23.2 69.4 46.4 25.6 41.1 88.6 PASS 50.7 109 PASS 
PFNS 16.4 32.7 12.3 36.8 24.6 18.4 23.0 93.5 PASS 26.7 109 PASS 
PFDS 23.6 47.2 17.8 53.1 35.5 18.6 27.3 76.9 PASS 35.1 98.9 PASS 
PFDoS 15 29.9 11.2 33.7 22.5 18 17.2 76.4 PASS 18.9 84.0 PASS 
4:2FTS 12.5 24.9 9.35 28 18.7 16.4 17.3 92.5 PASS 19.2 103 PASS 
6:2FTS N/A N/A N/A N/A <2.5 N/A <MDL N/A N/A <MDL N/A N/A 
8:2FTS 10.7 21.4 8.05 24.1 16.1 19.5 12.9 80.1 PASS 16.1 100 PASS 
PFOSA 5.19 10.4 3.9 11.7 7.8 19.9 6.93 88.8 PASS 8.29 106 PASS 
NMeFOSA 32 63.8 24 71.8 48 17.9 38.6 80.4 PASS 44.5 92.7 PASS 
NEtFOSA 10.7 21.3 8 23.9 16 18.5 13.4 83.8 PASS 16.3 102 PASS 
NMeFOSAA N/A N/A N/A N/A <2.5 N/A <MDL N/A N/A <MDL N/A N/A 
NEtFOSAA 14.9 29.8 11.2 33.5 22.4 16.4 18.5 82.6 PASS 19.4 86.6 PASS 
NMeFOSE 30.6 61.2 23 68.8 46 16.4 37.7 82.0 PASS 47.7 104 PASS 
NEtFOSE 26.1 52.1 19.6 58.6 39.2 20.9 34.8 88.8 PASS 42.2 108 PASS 
HFPO-DA 12 23.9 9 26.9 18 18.8 14.1 78.3 PASS 15.3 85.0 PASS 
ADONA 27.6 55.1 20.7 61.9 41.4 18.3 37.1 89.6 PASS 37.6 90.8 PASS 
PFMPA 6.66 13.3 5 15 10 18.5 9.47 94.7 PASS 11.0 110 PASS 
PFMBA N/A N/A N/A N/A <2.5 N/A <MDL N/A N/A <MDL N/A N/A 
NFDHA 7.19 14.4 5.4 16.2 10.8 18.4 8.69 80.5 PASS 9.84 91.1 PASS 
9Cl-PF3ONS 24.8 49.6 18.6 55.8 37.3 16.4 32.1 86.1 PASS 40.3 108 PASS 
11Cl-PF3OUdS N/A N/A N/A N/A <2.50 N/A <MDL N/A N/A <MDL N/A N/A 
PFEESA N/A N/A N/A N/A <2.5 N/A <MDL N/A N/A <MDL N/A N/A 
3:3FTCA N/A N/A N/A N/A <2.5 N/A <MDL N/A N/A <MDL N/A N/A 
5:3FTCA 17 34 12.8 38.3 25.6 18.6 18.9 73.8 PASS 17.9 69.9 PASS 
7:3FTCA 8.52 17 6.4 19.1 12.8 16.4 8.59 67.1 PASS 9.36 73.1 PASS 

 
N/A: No performance acceptance limits available for analyte of interest. 
PASS: CRM recoveries fell within both QC and PT Performance Acceptance Limits. 
<MDL: Analyte was not detected above the method detection limit
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5.3 AFFF Contaminated Sample Results 
Two AFFF field-contaminated soil samples, identified here as Soil 1 and Soil 2, were analyzed in triplicate 
using both procedures. The quantified amount of each detected analyte using the PFE procedure was 
compared to the quantified amount of each detected analyte using the manual procedure using the equation 
below.   

%RR = µPFE/µManual x 100 
where:    
%RR  = percent relative recovery when comparing analyte recoveries via the PFE 

procedure against analyte recoveries obtained using the manual procedure 
µPFE  = mean recovery for a given analyte from all replicates under the PFE 

procedure 
µManual = mean recovery for a given analyte from all replicates under the manual 

procedure. 

For the compounds that were detected in the Soil 1 sample, comparable quantified values were achieved, 
as the values obtained by both procedures were within 70% to 130% of each other. Notably, all detected 
analyte concentrations for Soil 1 extracted via the PFE procedure fell within 74% to 101% of the values 
obtained via extraction using the manual procedure. Both procedures also showed good precision for Soil 
1, with all %RSDs falling under 17% except for three compounds via the PFE procedure: PFNS, PFDS, 
and PFDoS. These three compounds had %RSD values of 28%, 32% and 31%, respectively for Soil 1 using 
the PFE procedure. Figure 5-1 graphically shows the comparison of the two data sets for the detected 
compounds in Soil 1.  Soil 1 had a mean PFOS concentration of about 22100 ng/g, which exceeded the 
upper calibration limit of the analysis.  After performing further extract dilutions of up to 10x, the resulting 
concentration continued to exceed the calibration range. To achieve PFOS recoveries within the calibration 
range, a reduction of the sample size from the 5.0 g (dry mass) used in this study would be recommended. 
However, the Soil 1 PFOS recoveries for each procedure were still comparable, with the PFE procedure 
recovering 101% compared to the manual procedure and both procedures having %RSDs less than 4%. All 
associated raw data for the AFFF-Contaminated Soil Sample 1, including %RSDs and the percent relative 
recovery of the PFE procedure compared against the manual procedure, is provided in Table 5-3. 

For the compounds that were detected in the Soil 2 sample, comparable quantified values were achieved, 
as the values obtained by both procedures were within 70% to 130% of each other. Notably, all detected 
analyte concentrations for Soil 2 extracted via the PFE procedure fell within 92% to 112% of the values 
obtained via extraction using the manual procedure. Both procedures also exhibited excellent precision for 
Soil 2, with all %RSDs falling under 12.5% and the mean %RSD for both procedures falling around 4.6% 
to 4.7%.  

For Soil 2, using the PFE procedure, one replicate of 6:2FTS was omitted as an outlier.  This value was 
determined to be an outlier, as it was outside interquartile range (IQR) bounds (±1.5x IQR) when 
considering all values obtained for both procedures.  With this value omitted, the PFE procedure had a 
percent relative recovery of 112% for 6:2FTS when compared against the manual procedure.  

Further extract dilutions of up to 10X were required for PFOS and other compounds in the field-
contaminated samples.  Table B-1 in Appendix B describes each sample and analyte that required further 
dilution, as well as the dilution level used for the final result. All dilutions were done in accordance with 
EPA Method 1633A.  
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Figure 5-2: Mean Concentrations and Standard Deviations (in ng/g) for all Detected Analytes Extracted from Soil 1  
Error bars represent standard deviation (in ng/g) of replicates for the given analyte.  
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Table 5-3: Replicate Soil 1 Data Obtained from Each Procedure Including Calculated Means, Percent Relative Standard 
Deviations, and Percent Relative Recoveries (PFE vs Manual) for Detected Analytes 

Analyte 
Soil 1: Manual Replicates Soil 1: PFE Replicates 

Result 
(ng/g) 

Result 
(ng/g) 

Result 
(ng/g) 

Mean 
(ng/g) %RSD Result 

(ng/g) 
Result 
(ng/g) 

Result 
(ng/g) 

Mean 
(ng/g) %RSD %RR  

PFPeA 38.5 40.4 37.9 38.9 2.74 27.7 32.6 29.7 30.0 6.71 77.1 
PFHxA 111 96.6 108 105 5.90 91.4 88.6 109.0 96.3 9.37 91.6 
PFHpA 32.3 32.0 41.1 35.1 12.0 30.6 31.4 36.9 33.0 8.49 93.8 
PFOA 278 209 268 252 12.1 192 165 203 187 8.55 74.2 
PFNA 11.4 10.1 9.34 10.3 8.27 9.20 10.0 8.17 9.12 8.21 88.7 
PFBS 47.9 54.2 64.7 55.6 12.5 47.1 46.5 61.1 51.6 13.1 92.7 
PFPeS 359 278 343 327 10.7 284 229 297 270 10.9 82.7 
PFHxS 3450 2570 3180 3067 12.0 2530 2360 2710 2533 5.64 82.6 
PFHpS 472 413 498 461 7.71 310 355 362 342 6.73 74.3 
PFOS 22800 22100 21100 22000 3.17 21700 21700 23000 22133 2.77 101 
PFNS 32.6 32.4 23.7 29.57 14.0 18.9 35.4 22.1 25.5 28.1 86.1 
PFDS 29.0 34.1 22.8 28.6 16.1 17.4 35.6 21.1 24.7 31.8 86.3 
PFDoS 71.3 72.5 62.5 68.8 6.48 47.7 94.6 55.9 66.1 31.0 96.1 
6:2FTS 220 187 231 213 8.79 158 193 238.0 196 16.7 92.3 
8:2FTS 242 209 193 215 9.50 214 182.0 228 208 9.26 96.9 
PFOSA 335 354 344 344 2.25 296 311 312 306 2.39 89.0 
 

This table includes data for all analytes detected above the LOQ. The percent relative recovery was calculated by the following equation: %RR = [(µPFE) / (µManual) * 100]. 
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Figure 5-3: Mean Concentrations and Standard Deviations (in ng/g) for all Detected Analytes Extracted from Soil 2 

 

Error bars represent standard deviation (in ng/g) of replicates for the given analyte.  
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Table 5-4: Replicate Soil 2 Data Obtained from Each Procedure Including Calculated Means, Percent Relative Standard 
Deviations, and Percent Relative Recoveries (PFE vs Manual) for Detected Analytes  

 

 Analyte 
Soil 2: Manual Replicates Soil 2: PFE Replicates 

Result 
(ng/g) 

Result 
(ng/g) 

Result 
(ng/g) 

Mean 
(ng/g) %RSD Result 

(ng/g) 
Result 
(ng/g) 

Result 
(ng/g) 

Mean 
(ng/g) %RSD %RRC 

PFBA 67.2 67.7 73.3 69.4 3.98 68.4 74.9 72.1 71.8 3.71 103 
PFPeA 225 235 220 227 2.75 196 210 221 209 4.90 92.2 
PFHxA 590 608 625 608 2.35 646 678 619 648 3.72 107 
PFHpA 135 132 132 133 1.06 142 139 148 143 2.62 108 
PFOA 991 924 962 959 2.86 914 1030 1010 985 5.14 103 
PFNA 25.1 24.4 28.8 26.1 7.40 27.4 26.7 26.3 26.8 1.70 103 
PFBS 184 187 195 189 2.46 203 212 206 207 1.81 110 
PFPeS 170 174 192 179 5.36 192 177 199 189 4.85 106 
PFHxS 1220 1330 1220 1257 4.13 1400 1320 1240 1320 4.95 105 
PFHpS 49.7 60.2 57.3 55.7 7.94 57.6 51.6 57.1 55.4 4.90 99.5 
PFOS 4880 4420 4310 4537 5.44 5010 4190 4600 4600 7.28 101 
PFNS 5.14 6.01 5.14 5.43 7.55 6.07 5.29 5.25 5.54 6.82 102 
PFDS 7.68 7.72 7.16 7.52 3.39 8.93 6.85 6.99 7.59 12.5 101 
6:2FTS 23.5 26.2 24.2 24.6 4.64 111* 27.8 27.4 27.6 0.72 112 
PFOSA 62.0 58.8 73.1 64.6 9.48 71.7 68.2 65.9 68.6 3.48 106 

 
This table includes data for all analytes detected above the LOQ. The percent relative recover was calculated by the following equation: %RR = [(µPFE) / (µManual) * 100]. 
*The first replicate of Soil 2 via PFE recovered very high for 6:2FTS. This value was omitted from the calculations as an outlier as indicated in Section 5.3 of this report. With 
this replicate included, the Mean, %RSD, and %RRC are as follows: 55.4 ng/g, 71.0%, 225% (respectively). 
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5.4 Extracted Internal Standard Results 
For the spiked NC Soil samples, all EIS recoveries met the acceptance criteria outlined in EPA Method 
1633A (see Table 5-5 for the EIS recoveries for the NC Soil samples, as well as Table A-3 in Appendix A 
of this report for EIS recoveries on each spiked NC Soil Replicate).  For the ERA CRM sample run with 
both procedures, all EIS recoveries met the criteria of EPA Method 1633A. The EIS recoveries for the CRM 
sample can be found in Table 5-6.  

For Soil 1 prepared using the manual extraction procedure, EIS recoveries were generally within acceptance 
criteria, with isolated high recoveries observed for four compounds in individual replicates.  These included 
recoveries of 135% for 13C₂-PFTeDA, 143% for D₃-NMeFOSAA, 166% for D₅-NEtFOSAA, and 136% for 
13C₂-PFDoA. For Soil 1 extracted with the PFE procedure, all EIS recoveries met the criteria of EPA 
Method 1633A with the exception of one compound that recovered high. Specifically, 13C2-4:2FTS failed 
high with recoveries of 244%, 255% and 229% for the three replicates, indicating consistently elevated 
recoveries for this internal standard compound across the Soil 1 replicates. Since 4:2FTS was not detected 
in Soil 1, this high recovery had no effect on the results. The mean EIS recovery data and %RSD values for 
both procedures for Soil 1 are provided in Table 5-7.  Soil 1 replicate EIS recovery data for each procedure 
can be found in Table B-2 in Appendix B.  

For Soil 2 extractions from both procedures, all EIS recoveries met the criteria of EPA Method 1633A. The 
mean EIS recoveries and %RSDs for both procedures for Soil 2 can be found in Table 5-8. Soil 2 replicate 
EIS recovery data for each procedure can be found in Table B-3 in Appendix B.  
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Table 5-5: Comparison of EIS Recoveries for NC Soil Samples Extracted via the PFE 
Procedure With- and Without Spiked Native Analytes. 

Procedure NC Soil Spiked NC Soil 

Analyte Limits 
(%) 

Result 
(ng/g) 

Recovery 
(%) 

Mean 
(ng/g) 

Mean 
Recovery 

(%) 
%RSD 

13C4-PFBA 8 - 130 7.77 96.6 7.78 97.2 1.52 
13C5-PFPeA 35 - 130 3.84 95.5 3.90 97.6 4.65 
13C5-PFHxA 40 - 130 1.94 96.5 1.76 88.1 15.2 
13C4-PFHpA 40 - 130 2.02 100 1.90 95.0 6.91 
13C8-PFOA 40 - 130 2.02 100 1.93 96.3 1.48 
13C9-PFNA 40 - 130 0.989 98.9 1.01 101 2.52 
13C6-PFDA 40 - 130 1.07 107 0.996 99.7 1.99 
13C7-PFUnA 40 - 130 1.00 100 0.966 96.8 3.05 
13C2-PFDoA 40 - 130 0.904 90.4 0.958 96.0 1.69 
13C2-PFTeDA 20 - 130 0.729 72.9 0.820 82.1 5.38 
13C3-PFBS 40 - 135 1.73 92.5 1.87 100 3.39 
13C3-PFHxS 40 - 130 1.84 97 1.92 101 0.979 
13C8-PFOS 40 - 130 1.85 96.4 1.90 99.3 0.654 
13C8-PFOSA 40 - 130 1.73 86 1.80 89.8 1.71 
D3-NMeFOSAA 40 - 135 3.45 85.8 3.60 89.9 1.27 
D5-NEtFOSAA 40 - 150 4.3 107 3.95 98.8 3.29 
13C2-4:2FTS 40 - 165 3.79 101 4.39 117 2.38 
13C2-6:2FTS 40 - 215 4.32 113 4.32 114 5.19 
13C2-8:2FTS 40 - 275 4.01 104 3.94 103 4.29 
13C3-HFPO-DA 40 - 130 7.92 98.5 7.72 96.4 6.14 
D7-NMeFOSE 20 - 130 13.4 66.7 15.9 79.3 2.13 
D9-NEtFOSE 15 - 130 13.5 67.2 15.5 77.7 0.211 
D3-NMeFOSA 10 - 130 1.36 67.7 1.43 71.7 3.48 
D5-NEtFOSA 10 - 130 1.13 56.2 1.24 62.0 3.54 
              

Pooled Calculations Across 
All Analytes 

Minimum   56.2   62.0 0.21 
Maximum   113   117 15.2 

Mean   91.5   94 3.46 
Median   96.6   96.6 2.78 
%RSD   15.9   12.8 --- 
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Table 5-6: EIS Recoveries for ERA CRM #603 Samples Extracted Following Manual and 
PFE Procedures 

Procedure Manual PFE 

Analyte Limits 
(%) 

Result 
(ng/g) 

Recovery 
(%) 

Result 
(ng/g) 

Recovery 
(%) 

13C4-PFBA 8 - 130 7.60 95.0 7.65 95.7 
13C5-PFPeA 35 - 130 3.71 92.8 4.44 111 
13C5-PFHxA 40 - 130 1.94 97.0 2.31 116 
13C4-PFHpA 40 - 130 1.94 97.0 2.33 117 
13C8-PFOA 40 - 130 1.88 94.0 1.91 95.5 
13C9-PFNA 40 - 130 0.906 90.6 1.01 101 
13C6-PFDA 40 - 130 0.946 94.6 0.959 96.0 
13C7-PFUnA 40 - 130 1.02 102 1.03 103 
13C2-PFDoA 40 - 130 0.907 90.7 0.969 97.0 
13C2-PFTeDA 20 - 130 0.843 84.3 0.819 82.0 
13C3-PFBS 40 - 135 1.49 80.1 1.57 84.4 
13C3-PFHxS 40 - 130 1.91 101 2.00 106 
13C8-PFOS 40 - 130 1.84 95.8 1.78 93.2 
13C8-PFOSA 40 - 130 2.13 107 2.01 101 
D3-NMeFOSAA 40 - 135 3.83 95.8 3.77 94.3 
D5-NEtFOSAA 40 - 150 4.07 102 3.70 92.5 
13C2-4:2FTS 40 - 165 3.41 90.9 3.69 98.4 
13C2-6:2FTS 40 - 215 3.93 103 3.95 104 
13C2-8:2FTS 40 - 275 3.63 94.5 4.17 109 
13C3-HFPO-DA 40 - 130 7.60 95.0 9.79 123 
D7-NMeFOSE 20 - 130 17.5 87.5 16.3 81.5 
D9-NEtFOSE 15 - 130 17.4 87.0 16.3 81.5 
D3-NMeFOSA 10 - 130 1.32 66.0 1.16 58.0 
D5-NEtFOSA 10 - 130 1.24 62.0 1.20 60.0 
            

Pooled Calculations 
Across All Analytes 

Minimum   66.0   58.0 
Maximum   107   123 

Mean   93.2   97.4 
Median   95.0   97.0 
%RSD   9.08   14.1 
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Table 5-7: Comparison of EIS Recoveries for Soil 1 Samples Extracted Following Manual 
and PFE Procedures 

Procedure Manual PFE 

Analyte Limits 
(%) 

Mean 
Recovery 

(%) 
%RSD 

Mean 
Recovery 

(%) 
%RSD 

13C4-PFBA 8 - 130 93.7 1.33 97.3 1.75 
13C5-PFPeA 35 - 130 84.0 2.92 89.3 1.90 
13C5-PFHxA 40 - 130 95.0 2.27 99.3 2.64 
13C4-PFHpA 40 - 130 92.3 1.84 103 7.56 
13C8-PFOA 40 - 130 84.0 2.57 92.7 5.87 
13C9-PFNA 40 - 130 94.3 4.36 94.0 6.89 
13C6-PFDA 40 - 130 99.3 2.07 99.0 4.36 
13C7-PFUnA 40 - 130 122 0.39 117 4.89 
13C2-PFDoA 40 - 130 126 5.65 120 4.84 
13C2-PFTeDA 20 - 130 125 6.23 118 7.02 
13C3-PFBS 40 - 135 94.3 2.64 92.3 2.06 
13C3-PFHxS 40 - 130 91.3 5.15 99.0 2.18 
13C8-PFOS 40 - 130 105 6.35 89.3 2.03 
13C8-PFOSA 40 - 130 114 7.43 119 4.15 
D3-NMeFOSAA 40 - 135 134 4.84 125 3.36 
D5-NEtFOSAA 40 - 150 149 8.3 137 3.82 
13C2-4:2FTS 40 - 165 122 0.77 243 4.39 
13C2-6:2FTS 40 - 215 140 6.22 195 8.7 
13C2-8:2FTS 40 - 275 110 7.91 201 6.33 
13C3-HFPO-DA 40 - 130 89.3 2.64 99.7 5.27 
D7-NMeFOSE 20 - 130 87.7 3.88 97.3 3.39 
D9-NEtFOSE 15 - 130 91.0 4.75 88.0 4.25 
D3-NMeFOSA 10 - 130 67.3 8.07 68.0 4.33 
D5-NEtFOSA 10 - 130 72.7 4.54 64.3 6.99 
            

Pooled Calculations Across 
All Analytes 

Minimum 67.3 0.39 64.3 1.75 
Maximum 149 8.29 243 8.67 

Mean 104 4.30 114 4.54 
Median 94.7 4.45 99.2 4.35 
%RSD 20.1 --- 36.0 --- 
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Table 5-8: Comparison of EIS Recoveries for Soil 2 Samples Extracted Following Manual 
and PFE Procedures 

Procedure Manual PFE 

Analyte Limits 
(%) 

Mean 
Recovery 

(%) 
%RSD 

Mean 
Recovery 

(%) 
%RSD 

13C4-PFBA 8 - 130 96.0 0.851 97.0 3.67 
13C5-PFPeA 35 - 130 97.7 4.29 95.0 4.79 
13C5-PFHxA 40 - 130 97.7 0.965 96.7 4.59 
13C4-PFHpA 40 - 130 105.0 2.06 103 4.49 
13C8-PFOA 40 - 130 94.0 1.50 91.0 3.59 
13C9-PFNA 40 - 130 97.3 8.49 98.7 3.34 
13C6-PFDA 40 - 130 90.7 1.38 97.3 7.33 
13C7-PFUnA 40 - 130 99.3 5.77 106 5.48 
13C2-PFDoA 40 - 130 91.7 7.58 98.0 6.51 
13C2-PFTeDA 20 - 130 79.0 10.7 92.7 1.35 
13C3-PFBS 40 - 135 123 3.70 122 5.68 
13C3-PFHxS 40 - 130 101 0.94 98.7 2.66 
13C8-PFOS 40 - 130 97.0 6.70 90.0 4.19 
13C8-PFOSA 40 - 130 100 4.97 104 6.13 
D3-NMeFOSAA 40 - 135 121 6.44 123 4.26 
D5-NEtFOSAA 40 - 150 127 6.80 139 3.33 
13C2-4:2FTS 40 - 165 133 7.91 113 2.74 
13C2-6:2FTS 40 - 215 142 6.22 135 6.19 
13C2-8:2FTS 40 - 275 116 2.82 112 5.96 
13C3-HFPO-DA 40 - 130 103 1.21 104 6.41 
D7-NMeFOSE 20 - 130 96.3 8.53 113 1.81 
D9-NEtFOSE 15 - 130 96.7 8.50 113 1.51 
D3-NMeFOSA 10 - 130 103 3.63 111 5.44 
D5-NEtFOSA 10 - 130 94.0 0.869 106 5.11 
            

Pooled Calculations Across 
All Analytes 

Minimum 79.0 0.85 90.0 1.35 
Maximum 142 10.74 139 7.33 

Mean 104 4.70 107 4.44 
Median 98.5 4.63 104 4.54 
%RSD 14.0 --- 12.0 --- 
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6 Quality Control Results 

6.1 Method Blanks and System Blanks 
To assess the potential for background contamination arising from sample preparation, both extraction 
procedure conditions for this study included method blanks per EPA 1633A Section 14.7. Additionally, 
“system blanks” were also included for the automated PFE extraction condition.  

Ottawa sand was used as the soil reference matrix at a weight of 5.0 g to prepare the method blanks for 
each procedure. These method blanks were prepared in the same way as real study samples. All extractions 
for each procedure were analyzed in the same analytical batches (<20 samples), therefore only two matrix 
blanks were analyzed: one via the manual procedure, and one via the automated PFE procedure. Both 
procedures yielded method blanks with concentrations of all analytes falling below the LOQ.  

Regarding the “system blanks” (SB) performed via the automated PFE procedure, these were ongoing 
performance checks to assess carryover contamination within the fluidic pathway of the automated system. 
To acquire a system blank, all aspects of the procedure were carried out as per usual except for weighing 
the sample into the sample cell. Essentially, an empty sample cell equipped with the filter disc was run 
through the automated PFE extraction procedure as if it contained a real sample. The extract was collected, 
processed, and analyzed alongside the other samples in the analytical batch. As the system performs 
sequential extractions, the extraction order of samples and system blanks can be found in Table 6-1, below.  

Table 6-1: Sequential Automated Extraction Queue Order 

Queue Order Sample Shorthand Name Replicates 
1 System Blank #1 SB 1 1 
2 Method Blank MB 1 
3 Low-Level Ongoing Precision and Recovery LLOPR 1 
4 Ongoing Precision and Recovery OPR 1 
5 System Blank #2 SB2 1 
6 ERA CRM #603 CRM 1 
7 System Blank #3 SB3 1 

8-10 AFFF Contaminated Soil 1 Soil 1 3 
11 System Blank #4 SB 4 1 

12-14 AFFF Contaminated Soil 2 Soil 2 3 
15 System Blank #5 SB 5 1 

 

Throughout all five system blanks, the only three analytes detected above the LOQ were 6:2FTS, PFOS, 
and PFHxS. In System Blank #1, 6:2FTS recovered at 4.54 ng/g. However, this was the only instance of 
6:2FTS contamination above the LOQ across all system blanks as well as in the subsequent samples 
extracted as outlined in the above extraction sequence (Method Blank and LLOPR, respectively). 
Additionally, the subsequent sample extraction (LLOPR) had an excellent recovery for 6:2FTS. PFOS was 
detected above the LOQ in four of the system blanks: 0.193 ng/g in System Blank #1, 0.187 ng/g in System 
Blank #3, 3.770 ng/g in System Blank #4, and 0.836 ng/g in System Blank #5. The LOQ for this analyte 
was 0.186 ng/g, so System Blanks #1 and #3 were very close to the LOQ. Once again, the subsequent 
extractions in the sequential extraction queue did not seem to be affected, as the PFOS recoveries for the 
Method Blank, LLOPR, OPR, and CRM were all excellent. Regarding System Blanks #4 and #5, the 
samples prepared prior to these blanks (Soil 1 and Soil 2) contained very high levels of PFOS that required 
further dilution to be brought within the calibration range (PFOS values estimated to be about 22,000 ng/g 
in Soil 1, and about 4,600 ng/g in Soil 2). Even still, the PFOS levels found in Soil 1 were too high to be 
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brought within the instrument calibration range with up to a 10x dilution. For both Soil 1 and Soil 2, the 
detected PFOS concentrations found in System Blank #4 and System Blank #5, respectively, were less than 
1/50th of the estimated native concentration in each sample. Thus, the levels of PFOS found in the system 
blanks can likely be attributed to the high levels in these samples and can be considered as negligible to the 
overall analytical results per EPA 1633A Section 9.5.2. 

Similarly to the PFOS carryover, there also seemed to have been some carryover of PFHxS in the same 
fashion (0.563 ng/g in System Blank #4, 0.190 ng/g in System Blank #5). The concentrations of PFHxS in 
Soils 1 and 2 were approximately 2750 ng/g and about 1300 ng/g in each soil, respectively. When 
comparing the magnitude of analyte found in the sample versus the system blanks, the concentrations found 
in System Blanks #4 and #5 were once again less than 1/50th of the estimated native concentration in each 
sample (well below the 1/10th threshold specified in EPA 1633A Section 9.5.2). 

All method blank and system blank data can be found in Table 6-2.  

6.2  Ongoing Method Performance 
Ongoing method performance was demonstrated via the analysis of ongoing precision and recovery samples 
spiked with native analytes at low- (LLOPR) and mid- (OPR) levels to assess control of the analytical batch 
per EPA 1633A Section 14.5.  

Ottawa sand was used as the reference soil matrix at a weight of 5.0 g to prepare the LLOPR and OPR for 
each procedure. These were prepared in the same way as real study samples. All extractions for each 
procedure were analyzed in the same analytical batches (<20 samples), therefore only two sets of 
LLOPR/OPR samples were analyzed: one via the manual procedure, and one via the automated PFE 
procedure.  

Native recoveries for the LLOPR and OPR samples from both the manual procedure as well as the 
automated PFE procedure fell within the acceptance limits set forth in EPA 1633A Table 7 for all analytes. 
Table 6-3 displays the ongoing method performance results obtained for QC samples extracted through 
both procedures.  

In addition to the blanks and ongoing precision and recovery samples, method performance was also 
monitored by way of spiking all samples with isotopically labeled compounds (i.e. the extracted internal 
standard) and verifying that recoveries were within acceptable limits as set forth in EPA 1633A Table 8. 
The EIS recoveries for the study samples are discussed in Section 5.4 of this report. All QC samples 
analyzed for both extraction procedures showed passing EIS recoveries for all analytes. This data can be 
found in Table 6-4. Additionally, upon calculating the percent relative standard deviation across all analytes 
for a given sample, the EIS %RSDs for all samples extracted via PFE fell between 12% to 17%, whereas 
the %RSDs for the manual extraction condition all fell between 20% to 21%. Performing this same 
comparison on the pooled sample means, the PFE procedure yielded a mean recovery of 91.9% across all 
analytes, whereas the manual procedure had a pooled sample mean recovery of 84.3% across all QC 
samples. This data suggests excellent precision and accuracy for EIS recoveries within the automated PFE 
extraction condition.  
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Table 6-2: Method Blank and System Blank Analyte Concentrations 

Sample Name Method Blank 
(MB) System Blank (SB)  

Analyte LOQ 
(ng/g) 

Manual 
(ng/g) 

PFE 
(ng/g) 

SB 1 
(ng/g) 

SB 2 
(ng/g) 

SB 3 
(ng/g) 

SB 4 
(ng/g) 

SB 5 
(ng/g) 

PFBA 0.799 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
PFPeA 0.399 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
PFHxA 0.2 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
PFHpA 0.2 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
PFOA 0.2 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
PFNA 0.2 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
PFDA 0.2 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
PFUnA 0.2 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
PFDoA 0.2 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
PFTrDA 0.2 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
PFTeDA 0.2 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
PFBS 0.177 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
PFPeS 0.188 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
PFHxS 0.182 <LOQ <LOQ <LOQ <LOQ <LOQ 0.563 0.190 
PFHpS 0.19 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
PFOS 0.185 <LOQ <LOQ 0.193 <LOQ 0.187 3.770 0.836 
PFNS 0.192 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
PFDS 0.193 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
PFDoS 0.194 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
4:2FTS 0.749 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
6:2FTS 0.759 <LOQ <LOQ 4.540 <LOQ <LOQ <LOQ <LOQ 
8:2FTS 0.767 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
PFOSA 0.2 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
NMeFOSA 0.2 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
NEtFOSA 0.2 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
NMeFOSAA 0.2 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
NEtFOSAA 0.2 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
NMeFOSE 2 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
NEtFOSE 2 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
HFPO-DA 0.799 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
ADONA 0.755 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
PFMPA 0.399 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
PFMBA 0.399 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
NFDHA 0.399 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
9Cl-PF3ONS 0.747 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
11Cl-PF3OUdS 0.755 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
PFEESA 0.355 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
3:3FTCA 0.799 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
5:3FTCA 3.99 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
7:3FTCA 3.99 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
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Table 6-3: Ongoing Precision and Recovery for Each Procedure 

Sample Name LLOPR OPR 
Procedure Manual PFE Manual PFE 

Analyte Acceptance 
Limits (%) Result (ng/g) Recovery 

(%) Result (ng/g) Recovery 
(%) Result (ng/g) Recovery 

(%) Result (ng/g) Recovery 
(%) 

PFBA 70-140 0.60 94 0.71 112 9.79 98 10.9 109 
PFPeA 60-150 0.28 87 0.26 82 5.84 117 4.58 92 
PFHxA 65-140 0.16 100 0.20 126 2.63 106 2.82 113 
PFHpA 65-145 0.17 107 0.17 109 2.63 106 2.79 112 
PFOA 70-150 0.17 109 0.21 134 3.04 122 3.03 122 
PFNA 70-155 0.13 81 0.16 97 2.90 116 2.85 114 
PFDA 70-155 0.17 106 0.16 97 2.95 118 2.53 102 
PFUnA 70-155 0.16 99 0.16 97 2.82 113 2.57 103 
PFDoA 70-150 0.16 101 0.15 92 2.74 110 2.48 99 
PFTrDA 65-150 0.17 106 0.19 122 2.85 114 2.73 110 
PFTeDA 65-150 0.15 94 0.17 106 2.70 108 2.74 110 
PFBS 65-145 0.16 114 0.15 104 2.42 110 2.56 116 
PFPeS 55-160 0.13 84 0.13 85 2.50 107 2.34 100 
PFHxS 60-150 0.14 97 0.15 106 2.46 108 2.65 117 
PFHpS 65-155 0.15 101 0.14 91 2.65 112 2.28 96 
PFOS 65-160 0.17 115 0.22 150 2.42 104 2.78 120 
PFNS 55-140 0.14 90 0.14 89 2.49 104 2.40 100 
PFDS 40-155 0.13 83 0.14 90 2.30 95 2.25 94 
PFDoS 25-160 0.12 74 0.14 89 2.22 92 2.04 85 
4:2FTS 60-150 0.55 88 0.64 102 9.82 105 10.8 116 
6:2FTS 55-200 0.55 91 0.74 122 9.58 101 10.1 107 
8:2FTS 70-150 0.60 99 0.59 96 10.8 112 8.74 91 
PFOSA 70-140 0.16 103 0.20 125 2.70 108 2.60 104 
NMeFOSA 70-155 0.19 117 0.16 102 2.72 109 2.72 109 
NEtFOSA 70-140 0.18 110 0.16 102 2.75 110 2.51 101 
NMeFOSAA 65-155 0.16 98 0.18 112 2.83 114 2.55 103 
NEtFOSAA 65-165 0.14 90 0.16 100 2.73 110 2.52 101 
NMeFOSE 70-140 1.65 104 1.81 114 26.2 105 26.6 107 
NEtFOSE 70-135 1.66 104 1.69 106 27.3 109 26.4 106 
HFPO-DA 70-145 0.58 91 0.67 105 10.7 107 9.59 96 
ADONA 70-160 0.61 101 0.64 107 11.5 122 11.4 121 
PFMPA 30-140 0.32 99 0.34 105 5.69 114 5.58 112 
PFMBA 60-150 0.31 96 0.35 109 4.95 99 5.35 107 
NFDHA 60-155 0.31 96 0.35 109 5.72 115 5.85 118 
9Cl-PF3ONS 70-150 0.62 103 0.75 125 12.7 137 11.8 127 
11Cl-PF3OUdS 45-160 0.47 78 0.59 97 10.1 107 10.1 107 
PFEESA 70-140 0.29 102 0.32 113 5.35 120 4.97 112 
3:3FTCA 45-130 0.55 87 0.67 104 9.60 96 10.3 103 
5:3FTCA 60-130 2.99 94 3.39 106 50.6 102 53.2 107 
7:3FTCA 60-150 3.09 97 3.26 102 52.2 105 54.8 110 
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Table 6-4: EIS Recoveries and Comparisons for All QC Samples Extracted Following EPA1633A and PFE Procedures. 

Sample Name SB #1 SB #2 SB #3 SB #4 SB #5 Method Blank LLOPR OPR 

Procedure PFE PFE PFE PFE PFE Manual PFE Manual PFE Manual PFE 

Analyte Limits (%) Recovery 
(%) 

Recovery 
(%) 

Recovery 
(%) 

Recovery 
(%) 

Recovery 
(%) 

Recovery 
(%) 

Recovery 
(%) 

Recovery 
(%) 

Recovery 
(%) 

Recovery 
(%) 

Recovery 
(%) 

13C4-PFBA 8 - 130 99.2 100 98.4 97.5 98.7 98.5 96.9 97.7 102 96.0 100 
13C5-PFPeA 35 - 130 97.8 101 94.3 92.5 96.5 87.5 92.8 93.2 93.2 97.0 101 
13C5-PFHxA 40 - 130 100 100 93.5 95.5 97.0 93.5 90.5 94.0 93.5 94.5 99.5 
13C4-PFHpA 40 - 130 104 114 103 109 110 118 101 104 102 104 102 
13C8-PFOA 40 - 130 92.0 99.0 99.0 94.5 107 97.0 101.5 97.0 78.5 93.5 101 
13C9-PFNA 40 - 130 91.5 98.4 93.5 98.0 93.5 93.2 97.0 96.8 101 84.7 97.6 
13C6-PFDA 40 - 130 97.9 88.1 96.3 97.7 101 100 97.8 92.5 100 90.4 103 
13C7-PFUnA 40 - 130 104 101 95.4 103 109 108 103 98.3 109 93.8 96.9 
13C2-PFDoA 40 - 130 91.5 84.2 85.5 96.3 87.8 86.0 96.1 81.6 98.8 79.4 89.3 
13C2-PFTeDA 20 - 130 85.0 84.0 84.3 94.2 87.0 90.4 93.4 74.7 86.3 76.3 84.9 
13C3-PFBS 40 - 135 92.5 94.6 89.8 79.0 91.4 96.8 91.9 101 90.3 82.8 93.5 
13C3-PFHxS 40 - 130 98.9 103 101 85.7 105 95.8 101 101 102 91.5 104 
13C8-PFOS 40 - 130 95.3 104 99.0 102 97.4 95.8 102 91.1 104 88.0 104 
13C8-PFOSA 40 - 130 90.0 92.0 87.0 90.5 95.5 81.5 90.5 86.4 92.5 81.9 93.0 
D3-NMeFOSAA 40 - 135 91.5 92.8 88.3 90.8 91.3 80.0 87.3 83.0 89.7 75.4 96.0 
D5-NEtFOSAA 40 - 150 115 122 110 118 105 82.3 108 83.5 107 78.4 114 
13C2-4:2FTS 40 - 165 97.3 94.9 89.3 78.9 81.3 98.7 101 91.4 78.1 79.9 89.3 
13C2-6:2FTS 40 - 215 99.5 111 95.5 78.7 89.2 104 102 99.2 98.9 88.9 104.0 
13C2-8:2FTS 40 - 275 88.5 95.1 88.3 67.4 82.6 83.3 80.7 84.6 79.4 74.9 112.3 
13C3-HFPO-DA 40 - 130 106 103 101 101 98.5 90.1 93.5 99.2 97.2 82.7 100 
D7-NMeFOSE 20 - 130 74.0 78.5 72.0 75.0 72.0 56.5 74.0 61.3 72.5 60.3 70.9 
D9-NEtFOSE 15 - 130 73.0 75.5 71.0 74.5 72.0 55.5 75.0 61.8 75.5 57.3 70.9 
D3-NMeFOSA 10 - 130 69.5 70.0 65.0 59.5 65.5 49.4 66.5 41.9 64.5 39.0 63.8 
D5-NEtFOSA 10 - 130 69.5 68.0 63.5 57.5 66.5 47.0 65.0 39.4 65.5 35.5 61.3 
                          

Sample Name SB #1 SB #2 SB #3 SB #4 SB #5 Method Blank LLOPR OPR 
Procedure PFE PFE PFE PFE PFE Manual PFE Manual PFE Manual PFE 

Pooled Calculations Across 
All Analytes 

Minimum 69.5 68.0 63.5 57.5 65.5 47.0 65.0 39.4 64.5 35.5 61.3 
Maximum 115 122 110 118 110 118 108 104 109 104 114 

Mean 92.6 94.7 90.1 89.0 91.7 87.0 92.0 85.6 90.9 80.2 93.8 
Median 93.9 96.7 93.5 93.3 94.5 91.8 94.8 92.0 93.4 82.8 98.5 
%RSD 12.3 13.6 12.9 16.6 13.7 20.5 12.4 20.4 14.0 20.9 14.7 
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7 Conclusions 
The results of this study demonstrate that the use of an automated PFE system can provide data in 
accordance with EPA Method 1633A.  Given the allowance for flexibility described in Section 9.1.2 of the 
method and 40 CFR Part 136.6, it appears that the use of an automated PFE system can be an effective 
alternative to the manual procedure.  Comparable results between the PFE procedure and the manual 
procedure were obtained for an ERA CRM and two real-world field-contaminated soil samples.  The 
applicability of the PFE procedure for the 40 native PFAS and EIS was demonstrated with acceptable spiked 
recoveries.   

 

 

 

 

 

 

 

_____________________________________________________________________________________ 

8 References 

U.S. Environmental Protection Agency (EPA). 2024. Method 1633A: Analysis of Per- and Polyfluoroalkyl 
Substances (PFAS) in Aqueous, Solid, Biosolids, and Tissue Samples by LC-MS/MS. U.S. 
Environmental Protection Agency, Office of Water, Office of Science and Technology, 
Engineering and Analysis Division, Washington DC: U.S. EPA 820-R-24-007. 

Willey, J., A. Hanley, R. Anderson, A. Leeson and T. Thompson. 2024. Report on the Multi Laboratory 
Validation of PFAS by Isotope Dilution LC-MS/MS. Volume II. Soils and Sediments. Strategic 
Environmental Research and Development Program (SERDP) Project ER19-1409. 

 

https://www.epa.gov/system/files/documents/2024-12/method-1633a-december-5-2024-508-compliant.pdf
https://www.epa.gov/system/files/documents/2024-12/method-1633a-december-5-2024-508-compliant.pdf
https://www.epa.gov/system/files/documents/2024-01/mlvs_vol_ii_soil_and_sediment_01312024.pdf
https://www.epa.gov/system/files/documents/2024-01/mlvs_vol_ii_soil_and_sediment_01312024.pdf


Evaluation of Automated Pressurized Fluid Extraction in Accordance with EPA Method 1633A 
   CEM Corporation 

 

34 Date: June 05, 2026 

Appendix A. Preliminary Spiking and Temperature Optimization Study 

Table A-1: Non-Spiked NC Soil Data 

Table A-2: Mean Percent Recoveries of Spiked NC Soil at Each Extraction Temperature 

Table A-3: EIS Recoveries (%) for All Samples Extracted Following the PFE Procedure for the 
Temperature Optimization Study. 
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Table A-1: Non-Spiked NC Soil Data  

Analytes Result 
PFBA <MDL 
PFPeA <MDL 
PFHxA <MDL 
PFHpA <MDL 
PFOA <MDL 
PFNA <MDL 
PFDA <MDL 
PFUnA <MDL 
PFDoA <MDL 
PFTrDA <MDL 
PFTeDA <MDL 
PFBS <MDL 
PFPeS <MDL 
PFHxS <MDL 
PFHpS <MDL 
PFOS <MDL 
PFNS <MDL 
PFDS <MDL 
PFDoS <MDL 
4:2FTS <MDL 
6:2FTS <MDL 
8:2FTS <MDL 
PFOSA <MDL 
NMeFOSA <MDL 
NEtFOSA <MDL 
NMeFOSAA <MDL 
NEtFOSAA <MDL 
NMeFOSE <MDL 
NEtFOSE <MDL 
HFPO-DA <MDL 
ADONA <MDL 
PFMPA <MDL 
PFMBA <MDL 
NFDHA <MDL 
9Cl-PF3ONS <MDL 
11Cl-PF3OUdS <MDL 
PFEESA <MDL 
3:3FTCA <MDL 
5:3FTCA <MDL 
7:3FTCA <MDL 
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Table A-2: Mean Percent Recoveries of Spiked NC Soil at Each Extraction Temperature 

Analytes Mean Recoveries (%) 
65 °C 75 °C 85 °C 

PFBA 106 109 105 
PFPeA 112 119 113 
PFHxA 103 97.0 95.7 
PFHpA 95.7 108 104 
PFOA 97.0 99.0 93.3 
PFNA 102 108 106 
PFDA 102 108 93.3 
PFUnA 100 102 100 
PFDoA 100 105 103 
PFTrDA 114 121 112 
PFTeDA 104 112 105 
PFBS 102 107 104 
PFPeS 101 106 82.3 
PFHxS 95.0 103 103 
PFHpS 99.3 105 117 
PFOS 94.3 100 104 
PFNS 103 104 106 
PFDS 103 102 97.3 
PFDoS 87.3 83.3 85.0 
4:2FTS 98.3 114 102 
6:2FTS 98.7 106 112 
8:2FTS 109 104 104 
PFOSA 90.7 91.3 91.3 
NMeFOSA 103 106 109 
NEtFOSA 102 103 105 
NMeFOSAA 105 108 107 
NEtFOSAA 95.3 98.3 99.3 
NMeFOSE 98.3 102 100 
NEtFOSE 100 103 103 
HFPO-DA 105 109 106 
ADONA 107 101 91.3 
PFMPA 98.7 104 101 
PFMBA 106 109 96.3 
NFDHA 110 100 98.3 
9Cl-PF3ONS 93.7 106 104 
11Cl-PF3OUdS 107 102 93.0 
PFEESA 93.0 103 92.3 
3:3FTCA 90.0 100 91.3 
5:3FTCA 115 110 100 
7:3FTCA 92.0 100 87.7 
Pooled Minimum 87.3 83.3 82.3 
Pooled Maximum 115 121 117 
Pooled Mean 101 104 101 
Pooled Median 101 104 103 
Pooled %RSD 6.36 6.26 7.66 
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Table A-3: EIS Recoveries (%) for All Samples Extracted Following the PFE Procedure for the Temperature Optimization Study. 

 

Sample Name 
MB LLOPR OPR 

NC Soil Spike (65 °C) NC Soil Spike (75 °C) NC Soil Spike (85 °C) NC Soil 
(No 

Spike) Analyte Limits (%) Rep. 1 Rep. 2 Rep. 3 Rep. 1 Rep. 2 Rep. 3 Rep. 1 Rep. 2 Rep. 3 
13C4-PFBA 8 - 130 95.3 96.4 96.5 97.4 95.3 98.9 95.2 95.5 94.5 94.1 100 96.9 96.6 
13C5-PFPeA 35 - 130 93.8 107 94.2 104 94.5 94.2 95.7 106 80.8 98.3 95.0 104 95.5 
13C5-PFHxA 40 - 130 96.0 110 91.4 99.5 95.5 69.3 93.5 96.0 91.5 97.0 94.0 96.5 96.5 
13C4-PFHpA 40 - 130 99.0 109 105 88.5 104 92.5 100 89.1 87.5 69.0 96.5 103 100 
13C8-PFOA 40 - 130 101 92.0 104 94.5 96.5 98.0 98.0 99.0 102 85.5 93.5 104 100 
13C9-PFNA 40 - 130 106 94.2 96.6 98.3 101 105 102 99.9 102 101 99.8 98.7 98.9 
13C6-PFDA 40 - 130 95.3 102 94.3 98.0 98.7 103 97.6 99.3 98.5 105 97.1 97.6 107 
13C7-PFUnA 40 - 130 86.4 101 91.5 98.6 92.6 99.1 99.3 94.4 100 85.0 93.3 87.9 100 
13C2-PFDoA 40 - 130 77.5 97.1 91.1 97.8 96.3 93.9 92.6 86.1 96.1 72.7 88.5 81.3 90.4 
13C2-PFTeDA 20 - 130 74.2 82.0 83.6 85.1 85.4 75.9 74.3 68.5 74.3 71.5 75.9 68.7 72.9 
13C3-PFBS 40 - 135 101 106 92.4 95.7 102 104 96.2 73.3 90.9 66.8 105 93.0 92.5 
13C3-PFHxS 40 - 130 97.9 95.2 95.7 102 102 100 95.2 73.2 97.4 101 98.4 92.1 96.8 
13C8-PFOS 40 - 130 92.2 95.8 103 98.4 100 99.5 102 95.3 97.9 88.0 101 101 96.4 
13C8-PFOSA 40 - 130 89.5 90.5 89.4 92.0 88.6 88.9 94.0 85.1 92.0 101 82.6 94.0 86.1 
D3-NMeFOSAA 40 - 135 85.3 93.2 91.2 88.5 91.3 89.9 91.0 89.3 86.8 93.5 88.3 89.0 85.8 
D5-NEtFOSAA 40 - 150 86.0 104 107 94.3 101 101 100 101 92.8 92.0 105.2 98.0 107 
13C2-4:2FTS 40 - 165 103 112.8 106 114 117 120 115 79.3 109 119 126 105 101 
13C2-6:2FTS 40 - 215 104 97.9 101 105 118 117 114 83.5 102 108 111 120 113 
13C2-8:2FTS 40 - 275 109 106 103 96.6 104 107 104 79.0 105 102 112 101 104 
13C3-HFPO-DA 40 - 130 97.4 107 96.2 103 98.1 88.4 97.2 103 91.7 102 89.2 102 98.5 
D7-NMeFOSE 20 - 130 78.5 87.0 89.4 81.5 79.1 77.4 75.4 76.6 80.5 70.0 74.1 79.0 66.7 
D9-NEtFOSE 15 - 130 75.0 85.0 87.4 77.5 77.6 77.9 73.4 76.6 72.0 71.0 73.1 74.0 67.2 
D3-NMeFOSA 10 - 130 72.5 78.0 75.3 70.5 75.1 69.3 61.8 62.7 69.5 70.0 63.2 64.0 67.7 
D5-NEtFOSA 10 - 130 63.0 71.0 67.7 62.0 64.7 59.3 52.8 56.7 60.0 60.0 54.7 58.5 56.2 
                              

Sample Name 
MB LLOPR OPR 

NC Soil Spike (65 °C) NC Soil Spike (75 °C) NC Soil Spike (85 °C) NC Soil 
(No 

Spike) Procedure Rep. 1 Rep. 2 Rep. 3 Rep. 1 Rep. 2 Rep. 3 Rep. 1 Rep. 2 Rep. 3 

Pooled Calculations 
Across All Analytes 

Minimum 63.0 71.0 67.7 62.0 64.7 59.3 52.8 56.7 60.0 60.0 54.7 58.5 56.2 
Maximum 109 113 107 114 118 120 115 106 109 119 126 120 113 

Mean 90.7 96.6 93.9 93.4 95.0 92.9 92.5 86.2 90.6 88.5 92.4 91.9 91.5 
Median 94.5 96.7 94.2 97.0 96.4 96.1 96.0 87.6 92.4 92.8 94.5 96.7 96.6 
%RSD 13.0 10.7 9.8 12.0 12.6 15.8 15.7 15.2 13.2 17.7 16.9 15.4 15.9 



Evaluation of Automated Pressurized Fluid Extraction in Accordance with EPA Method 1633A 
   CEM Corporation 

 

38 Date: June 05, 2026 

Appendix B  Supporting Tables 

Table B-1: Dilution Scheme for Each Sample and Analyte Following EPA 1633A and PFE Procedures (As 
Applicable) 

Table B-2: EIS Recoveries for Soil 1 Sample Replicates Extracted Following Manual and PFE Procedures 

Table B-3: EIS Recoveries for Soil 2 Sample Replicates Extracted Following Manual and PFE Procedures   
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Table B-1: Dilution Scheme for Each Sample and Analyte Following EPA 1633A and PFE Procedures (As 
Applicable) 

Analyte 

Manual Procedure Dilution Factors PFE Procedure Dilution Factors 

CRM 
Soil 1 Replicates Soil 2 Replicates 

CRM 
Soil 1 Replicates Soil 2 Replicates 

1 2 3 1 2 3 1 2 3 1 2 3 

PFHxA        
     

5X 
 

PFOA     5X 5X 5X 
    

5X 5X 5X 

PFTrDA 5X       5X 
      

PFBS 5X 5X 5X 5X    5X 5X 5X 5X 
   

PFPeS               
PFHxS  10X 10X 10X 5X 5X 5X 

 
5X 5X 10X 5X 5X 5X 

PFHpS  5X 5X 5X    
 

5X 5X 5X 
   

PFOS 5X *10X *10X *10X *10X *10X *10X 5X 10X* 10X* 10X* 10X* 10X* 10X* 

PFNS  5X 5X 5X    5X 5X 
 

5X 
   

PFDS 5X 5X 5X 5X    5X 5X 
 

5X 
   

PFDoS  5X 5X 5X    
 

5X 
 

5X 
   

4:2FTS  5X 5X 5X    
       

6:2FTS  5X 5X 5X    
 

5X 
     

8:2FTS  5X 5X 5X    
       

PFOSA  10X 5X 5X 5X 5X 5X 
 

5X 10X 5X 5X 5X 5X 

NMeFOSA 5X 5X 5X 5X    5X 5X 
 

5X 
   

NEtFOSA  5X 5X 5X    
 

5X 
 

5X 
   

NMeFOSAA  5X 5X 5X    
 

5X 5X 5X 
   

NEtFOSAA  5X 5X 5X    5X 5X 5X 5X 
   

NMeFOSE  5X 5X 5X    
 

5X 
 

5X 
   

NEtFOSE   5X 5X 5X    
 

5X 
 

5X 
   

 
Dilution schemes shown in this table for samples that required additional dilution. Empty spaces represent no additional dilution 
was performed for the analyte (1x dilution was sufficient).  
*: Concentration range of analyte exceeded the calibration range of instrument, even after dilutions were performed. 
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Table B-2: EIS Recoveries for Soil 1 Sample Replicates Extracted Following Manual and PFE Procedures 

Procedure Manual Replicates PFE Replicates 

Analyte Limits (%) Result 
(ng/g) 

Recovery 
(%) 

Result 
(ng/g) 

Recovery 
(%) 

Result 
(ng/g) 

Recovery 
(%) 

Result 
(ng/g) 

Recovery 
(%) 

Result 
(ng/g) 

Recovery 
(%) 

Result 
(ng/g) 

Recovery 
(%) 

13C4-PFBA 8 - 130 168 92 172 94 173 95 179 98 180 99 174 95 
13C5-PFPeA 35 - 130 79.8 87 76.9 84 74.2 81 82.4 90 82.9 91 79.4 87 
13C5-PFHxA 40 - 130 44.3 97 43.9 96 41.8 92 47.1 103 44.6 98 44.2 97 
13C4-PFHpA 40 - 130 42.8 94 42.5 93 40.9 90 50.9 112 42.3 93 47 103 
13C8-PFOA 40 - 130 38 83 37.3 82 39.8 87 41.6 91 45.5 100 39.8 87 
13C9-PFNA 40 - 130 20.2 89 21.6 95 22.7 99 22 97 19.4 85 22.8 100 
13C6-PFDA 40 - 130 22.2 97 23.2 102 22.5 99 23.5 103 21.1 93 23.1 101 
13C7-PFUnA 40 - 130 27.8 122 27.7 122 27.5 121 28.2 124 25.2 110 26.9 118 
13C2-PFDoA 40 - 130 27.8 122 27.5 120 30.9 136 28.7 126 25.6 112 27.6 121 
13C2-PFTeDA 20 - 130 30.7 135 26.6 116 28.3 124 28.3 124 24.2 106 28.1 123 
13C3-PFBS 40 - 135 41.4 97 40.5 95 38.6 91 36.1 85 38.8 91 42.8 101 
13C3-PFHxS 40 - 130 36.3 84 41.3 95 40.9 95 42.5 98 41.9 97 44.1 102 
13C8-PFOS 40 - 130 43.3 99 44.3 101 49.8 114 40.4 92 38.5 88 38.2 88 
13C8-PFOSA 40 - 130 48.1 106 57.3 126 50.8 111 56.9 125 51.6 113 54.1 118 

D3-NMeFOSAA 40 - 135 119 131 130 143 117 128 109 119 118 129 115 126 

D5-NEtFOSAA 40 - 150 131 144 152 166 125 137 129 142 127 140 118 130 
13C2-4:2FTS 40 - 165 104 121 105 123 105 123 209 244 218 255 196 229 
13C2-6:2FTS 40 - 215 119 138 132 152 114 131 150 173 173 199 186 214 
13C2-8:2FTS 40 - 275 85.8 98 102 117 101 116 168 192 192 219 169 192 
13C3-HFPO-DA 40 - 130 165 91 166 91 157 86 196 107 176 97 173 95 

D7-NMeFOSE 20 - 130 408 89 415 91 377 83 426 93 446 98 462 101 

D9-NEtFOSE 15 - 130 422 93 435 95 386 85 406 89 381 83 418 92 

D3-NMeFOSA 10 - 130 31.6 69 33.5 73 27.5 60 32.8 72 29.5 65 30.6 67 

D5-NEtFOSA 10 - 130 32.7 72 35 77 31.5 69 29.2 64 27 59 32.1 70 
 
Values that are bold and underlined fall outside of the recovery limits specified in EPA 1633A. 
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Table B-3: EIS Recoveries for Soil 2 Sample Replicates Extracted Following Manual and PFE Procedures  

Procedure Manual Replicates PFE Replicates 

Analyte Limits (%) Result 
(ng/g) 

Recovery 
(%) 

Result 
(ng/g) 

Recovery 
(%) 

Result 
(ng/g) 

Recovery 
(%) 

Result 
(ng/g) 

Recovery 
(%) 

Result 
(ng/g) 

Recovery 
(%) 

Result 
(ng/g) 

Recovery 
(%) 

13C4-PFBA 8 - 130 202 97 200 96 198 95 211 102 196 94 198 95 
13C5-PFPeA 35 - 130 96 92 107 102 103 99 104 100 99.9 96 92.8 89 
13C5-PFHxA 40 - 130 50.5 97 51.8 99 50.6 97 53.4 103 48.5 93 48.9 94 
13C4-PFHpA 40 - 130 56 108 53.6 103 54.3 104 56.1 108 54.5 105 50.7 97 
13C8-PFOA 40 - 130 48.4 93 48.2 93 49.8 96 49.5 95 47.3 91 45.2 87 
13C9-PFNA 40 - 130 23.9 92 28.5 109 23.7 91 26.9 103 24.8 95 25.5 98 
13C6-PFDA 40 - 130 23.2 89 24 92 23.7 91 27.9 107 23.4 90 24.7 95 
13C7-PFUnA 40 - 130 25.9 100 23.9 92 27.7 106 29.2 112 27.9 107 25.5 98 
13C2-PFDoA 40 - 130 26 100 21.6 83 24 92 27.8 107 24.1 93 24.3 94 
13C2-PFTeDA 20 - 130 22.1 85 17.4 67 22 85 24.2 93 24.5 94 23.7 91 
13C3-PFBS 40 - 135 62.6 129 59.2 122 57.3 118 59.2 122 55.3 114 63.6 131 
13C3-PFHxS 40 - 130 49.5 100 49.2 100 50.4 102 49.3 100 47 95 49.9 101 
13C8-PFOS 40 - 130 45.1 90 47.7 96 52.4 105 47.7 96 42.9 86 44.1 88 
13C8-PFOSA 40 - 130 51.7 99 55.6 107 49.2 95 56.8 109 49.3 95 56.1 108 

D3-NMeFOSAA 40 - 135 136 131 125 120 117 112 131 126 120 116 134 128 

D5-NEtFOSAA 40 - 150 145 139 128 123 124 119 150 144 138 133 147 141 
13C2-4:2FTS 40 - 165 138 142 135 138 116 118 109 111 107 110 114 117 
13C2-6:2FTS 40 - 215 144 145 149 151 129 130 137 138 123 124 143 144 
13C2-8:2FTS 40 - 275 120 120 116 116 112 112 106 106 108 108 121 121 
13C3-HFPO-DA 40 - 130 215 103 216 104 211 101 236 113 207 100 205 98 

D7-NMeFOSE 20 - 130 558 107 451 87 496 95 578 111 588 113 605 116 

D9-NEtFOSE 15 - 130 550 106 447 86 508 98 579 111 584 112 599 115 

D3-NMeFOSA 10 - 130 51.1 98 55.5 107 54.3 104 54.5 105 56.2 108 61.7 119 

D5-NEtFOSA 10 - 130 49.3 95 48.4 93 48.9 94 52.8 102 53.7 103 59.2 114 
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