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A3 Distribution List 
 

Name Title Phone Email 
Richard Welch Project Manager, Data 

Review/Validation 
803-898-3546 welchra@dhec.sc.gov 

Renee Shealy BEHS Chief (*) 803-896-8994 shealyrg@dhec.sc.gov 
Mike Marcus BOW Chief, Data Review 803-898-4210 marcusjm@dhec.sc.gov 
David Graves QAM 803-898-4272 gravesda@dhec.sc.gov 
Liz Basil BEHS Assistant Chief (*) 803-896-8408 basilej@dhec.sc.gov 
Jocelyn Brannon Public Communications 803-898-4096 walterjy@dhec.sc.gov 
Katherine Yon Website & Social Media 803-898-2731 yonk@dhec.sc.gov 
Doug Kinard Remediation Activities, Data 

Review 
803-898-3542 kinarddb@dhec.sc.gov 

Lindsey Bounds Sampling Coordinator; 
Recordkeeping 

803-898-3908 boundslm@dhec.sc.gov 

Adam Phillips Con Test Labs, Raleigh NC 919-451-3370 Adam.phillips@contestlabs.com  
Tom French Eurofins Eaton Analytical, 

Scottsdale, AZ 
480-778-1558 tomfrench@eurofinsUS.com  

(*) Located at SCDHEC/State Park, SC; all else located at SCDHEC 2600 Bull Street, Columbia, SC except 
where noted 
 
A4 Project Task Organization 
 
Project Manager 
Central point-of-contact for the assessment of PFAS in drinking water:  

• Directs and coordinates sampling with central office staff, regional office staff and 
laboratories; 

• Reviews and validates data; 
• Maintains communications between the project and participating parties; 
• Coordinates with BOW management, BOW public engagement representative and BOW 

PFAS web page contact for clear public presentation of the data.  
 
Public Communications 
Communicates testing plans and results to the sampled water systems and will ensure that BOW PFAS 
web page and social media, when accessed, stay current with progress of the sampling program.  
 
Web Page and Social Media 
Maintains the BOW PFAS web page as directed by BOW management.  
 
Quality Assurance Manager (QAM) 
Reviews and approves this QAPP and provides collaborative guidance on resolution of QA issues that 
may arise during the project. 
 
Remediation Consultation 
Technical resource for community water systems to discuss actions they may wish to take to mitigate 
PFAS presence in water supplies. 
 

mailto:welchra@dhec.sc.gov
mailto:shealyrg@dhec.sc.gov
mailto:marcusjm@dhec.sc.gov
mailto:gravesda@dhec.sc.gov
mailto:basilej@dhec.sc.gov
mailto:walterjy@dhec.sc.gov
mailto:yonk@dhec.sc.gov
mailto:kinarddb@dhec.sc.gov
mailto:boundslm@dhec.sc.gov
mailto:Adam.phillips@contestlabs.com
mailto:tomfrench@eurofinsUS.com
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Sampling Logistics 
Works with the Project Manager to coordinate sample activities including laboratory timing, shipping, 
sample collection training and other necessary logistic activities. 
 
Recordkeeping 
Ensures a central repository is created, maintained and kept current to house PFAS documents 
generated during this project. 
 
Sampling Teams 
Staff responsible for ensuring that field activities are conducted in accordance with this QAPP. 
 
 
 

 
 
A5 Problem Definition/Background 
Problem Background 
Per- and polyfluoroalkyl substances (PFAS) are synthetic, industrial chemicals known for their oil, heat, 
and water-resistant properties. PFAS have been produced and used worldwide since the 1940s. Though 
PFAS chemicals are no longer produced in the United States, they can be imported via food, commercial 
household products, packaging, plastics, textiles, and living organisms. Perfluoro-n-octanoic acid (PFOA) 
and perfluorooctane sulfonic acid (PFOS) have been the most studied of PFAS. Studies on PFOA and 
PFOS indicate that, in general, PFAS are extremely persistent and difficult to break down in the 
environment and in the human body. While they do not occur in nature, PFAS have been found to 
bioaccumulate in people, wildlife and fish. Studies suggest exposure to PFAS may affect developmental 
stages in infants and children, lower a woman’s chances of getting pregnant, disrupt the body’s 
hormones and increase risk of cancer. The potential negative health outcomes appear to be dependent 
upon exposure to specific PFAS (i.e., all PFAS analytes are not indicated to result in a monolithic 
response). 
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Because PFAS are man-made chemicals, they can be found where they have been manufactured or 
commercially used. For instance, in addition to a wide variety of consumer products, PFAS can be 
associated with landfills, wastewater treatment facilities and/or facilities used for firefighter training. 
Currently, there is no enforceable regulatory standard for PFAS in drinking water. In 2016 the United 
States Environmental Protection Agency (USEPA) issued a Lifetime Health Advisory (LHA) of 70 ppt (parts 
per trillion) for PFOA and PFOS, either discretely or in sum.  
 
A drinking water Health Advisory is intended to identify the concentration of an analyte less than which 
adverse health effects are not anticipated to occur over a lifetime of exposure. If an analyte 
concentration in drinking water is greater than a Health Advisory, it cannot be stated with confidence 
that there will not be a negative health impact due to long-term exposure. Accordingly, Health 
Advisories, though not enforceable, are developed to assist and guide federal, state, tribal and local 
officials in protection of public health.  
 
Surface Water  
There are a few scenarios where PFAS could impact a surface water intake:  

• Intake located downstream from wastewater treatment facility effluent that contains PFAS.   
• Intake located in a relatively low-flow stream and upstream from where a PFAS-contaminated 

groundwater plume is discharging to the stream. 
• Intake located in a stream impacted by PFAS flowing into the State from a neighboring state. 

 
Currently, there are 70 surface water intakes that supply 61 surface water treatment plants in South 
Carolina.  
 
Groundwater  
Moderate to deep groundwater wells are believed to be less susceptible to PFAS contamination than 
shallow wells or surface waters. For groundwater source systems, the first stage of implementation of 
the BOW’s Strategy to Assess the Impact of Per- and Polyfluoroalkyl Substances on 
Drinking Water in South Carolina (Strategy) (Appendix A) will be to sample all community water 
systems [i.e, those that have fifteen (15) or more taps or serve more than 25 persons]. There are 370 
community ground water systems in the State that have 931 active water sources. Private (i.e., 
individual homeowner) wells serve approximately 1.3 million residents.  Private wells may be addressed 
using a separate QAPP once the community water system assessment phase has been completed.   
 
Pre-Existing PFAS Data 
Community water systems have been canvassed to request that if PFAS analysis has been performed on 
their water supplies, those results be provided to the Department. Systems that have no PFAS data and 
systems that evince PFAS issues based on their extant data will be prioritized for sampling and analyses. 
 
Problem Definition 
The Department used recent studies regarding PFAS contamination and institutional knowledge of 
drinking water systems to evaluate the more probable PFAS substance sources throughout South 
Carolina and the potential vulnerability of a given drinking water source.  This work was formalized into 
a Strategy to assess drinking water in the State for PFAS (Appendix A).  
 
The purpose of this QAPP is to memorialize means and methods that will be used for implementation of 
the Strategy for acquisition of empirical data to evaluate:  

1. The presence of PFAS in South Carolina drinking water, and  
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2. The portion of the population that may be exposed to PFAS in drinking water.   
 
This information will lead to a better understanding of potential public health concerns from PFAS 
exposure and more informed decisions regarding the need to regulate PFAS in drinking water and the 
environment. 
A6 Project Task Description/Objective 
The Department plans on testing drinking water provided by all community water systems for PFAS 
using EPA Methods 537.1 and/or 533. Method 537.1 returns results for 18 PFAS.  Method 533 returns 
results for 25 PFAS.  For groundwater sources, samples will be analyzed using EPA Method 537.1.  If 
there is a detection in the groundwater source, the sample will be re-collected and analyzed using EPA 
Method 533. For surface water sources, samples will be analyzed using both EPA Method 537.1 and 
Method 533.  Con Test Labs will perform all analyses for Method 537.1 and Eurofins will perform all 
analyses for Method 533.   
 
The Department intends to collect and have analyzed the surface water system samples in the early 
summer 2020.  It is anticipated that the surface water sampling will take six-weeks or less.  Teams will 
sample Monday through Wednesday in order to ship samples to the labs.  After this initial phase of the 
project has been completed, the ground water sampling will begin.  It is expected that the ground water 
sampling will begin mid-summer 2020 and continue until all ground water systems have been analyzed. 
The ground water sampling will be performed by the regional staff at their discretion and at the 
availability of their schedules.  Teams will sample Monday through Wednesday in order to ship the 
samples to the labs.  The intent of this project is for one round of sampling at each water system.  Each 
of the contract labs has indicated that there are no resource or time constraints. 
 
Upon analysis, each lab will send an electronic report to the Project Manager for review and validation.  
Data will be reviewed and assessed against the EPA Health Advisory Levels for PFAS.  Depending on the 
results, the Department will initiate further steps outlined in this QAPP. 
 

Surface Water Treatment Systems 
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Ground Water Treatment Systems 

 
 
 
A7 Quality Objectives and Criteria for Measurement Data 
 
Precision 
Refer to EPA Method 537.1 and EPA Method 533. 
 
Bias 
Refer to EPA Method 537.1 and EPA Method 533. 
 
Representativeness 
The sampling effort is designed to evaluate the community public drinking water systems in South 
Carolina for PFAS.  Samples will be collected from the systems before any added treatment. 
 
Comparability 
The analytical methodology for this project has been validated by the USEPA for testing in drinking 
water.  Results will be used to assess whether the water system contains PFAS in the respective 
analytical methods parametric coverage and whether PFOA and PFOS exceed the USEPA LHA of 70 ppt. 
 
Completeness 
In order to satisfy the objective of the project, samples will be collected from 100 percent of community 
drinking water systems, as described in this QAPP.  One hundred percent (100%) of collected samples 
will be analyzed and reported. Any samples lost after collection will be resampled. 
 
Sensitivity 
The Laboratory’s Reporting Limit (RL) for the determination of PFAS in drinking water samples, using EPA 
Method 537.1 and/or Method 533 is 2.0 ppt. 
 
Samples Outside Quality Objectives 
Samples that fall outside of the quality objectives will be flagged for possible recollection and analysis. 
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A8 Special Training/Certifications 
BOW will coordinate an online special training session on PFAS sample collection and handling 
procedures compliant with USEPA Method 537.1 and Method 533 and this QAPP.  All sampling team 
members will attend and complete this training.  The Project Manager will ensure that the Central Office 
sampling team has met the training requirement and will keep records electronically.  The BEHS drinking 
water program contacts will ensure that the regional office sampling teams have met this training 
requirement and keep records accordingly.  No special certification is required. 
 
A9 Documentation & Records 
Data Reporting Package Format and Documentation Control 
The format of all data reporting will be consistent with the requirements and procedures for an Analytical 
Support Level (ASL) II data quality assessment.  This will consist of the results, certificates of analyses, 
completed Chain-of-Custody (COC) form and sample narrative. 
 
Data Reporting Package Archiving and Retrieval 
Data will be submitted via email to the Project Manager.  Data will be stored and backed up by the 
laboratory and the BOW per each entity’s normal procedures and retention schedules. 
 
Report to Management 
As information is returned from the labs, summary reports will be submitted via email to management.  
Upon project completion, the Project Manager will submit a written report to BOW management that 
details the results.  This report will be stored and maintained electronically in accordance with the 
Department’s record retention policy. 

Section B Measurement / Data Acquisition 
 
B1 Sampling Process Design 
There are numerous factors that determine the potential impact of a given PFAS source on the 
vulnerability of a drinking water system to PFAS.  Appendix A contains the BOW’s PFAS Water Strategy.  
Section V of the document details the rationale for where to collect PFAS samples.  Additionally, section 
A7 of this QAPP further states that samples will be collected from 100 percent of the community 
drinking water systems in South Carolina.  Samples will be collected at these locations before any 
treatment.  If the sample sites are inaccessible, the Project Manager will be consulted to determine an 
alternate location.  Sample scheduling is detailed in this QAPP in section A6. 
 
B2 Sampling Methods 
Equipment and supplies that will be needed to perform the sampling are certified pre-cleaned 
polyethylene 250-milliliter (mL) sample containers, weather- and waterproof labels, Chain-of-Custody 
(COC) forms, indelible ink pen/marker and shipping coolers with prepaid labels for return to lab.  
 
Because PFAS are used in a wide variety of consumer products, e.g.,  cosmetics, water- and oil-repellent 
clothing, laundry softeners, fast food wrappings, etc., the sampling teams will be made aware of proper 
preparation, collection and handling during the pre-mobilization training session.  
 
In addition to proper pre-sampling personal preparation (e.g., clothing, cosmetics, etc.), the sampling 
teams will wash hands before sampling each system and will wear nitrile gloves during sample collection.  
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As stated in section A6 of this document, DHEC staff from the Central office and the Regional offices will 
be collecting the samples and shipping them to the two contract labs.  The sample collection procedures 
will be followed according to the Methods used and the shipping will be completed using the appropriate 
lab protocols that have been shared with the Project Manager. 
 
Sampling containers with EPA Method-specific preservatives added, PFAS-free certified water for field 
blanks and COC forms will be provided by the laboratories. 
 
For analysis by EPA Method 537.1 
Sample will be collected in a 250-mL polypropylene container containing laboratory-added preservative 
[5.0 grams per liter (g/L) Trizma®] fitted with a polypropylene screw-cap. The point-of-sampling in the 
water system will be opened and the system will be allowed to flush until the temperature stabilizes, 
typically three (3) to five (5) minutes, prior to sampling. The sample container will be filled slowly and 
carefully as to not flush the preservation reagent from the sample container. After collection, the 
container will be capped; the sample agitated to dissolve the preservative; and, the sample then be placed 
and kept on wet ice (< 10.0oC) until delivered to the laboratory. 
 
For analysis by EPA Method 533 
Sample will be collected in a 250-mL polypropylene container fitted with a polypropylene screw-cap. 
Based on the plan to fill a 250 mL container, ammonium acetate in solid form will be added to the sample 
containers by the laboratory to achieve a concentration of 1 gram per liter (g/L) to sequester free chlorine 
by forming chloramine. The point-of-sampling in the water system will be opened and the system will be 
allowed to flush until the temperature stabilizes, typically three (3) to five (5) minutes, prior to sampling. 
The sample container will be filled slowly and carefully as to not flush the preservation reagent from the 
sample container. After collection, the container will be capped and the sample then be placed and kept 
on wet ice (< 10.0oC) ice until delivered to the laboratory.  
 
Field Quality Control 
A field blank will accompany each daily sample collection for each sample team. This field blank will be 
formed by dispensing PFAS-free water provided by the laboratory into a sample container in the field, 
preserved and sent with field samples. That is, this blank will be handled just as the investigative samples 
are handled so as to detect problems in the field collection methodology. After collection, the container 
will be capped and the sample then be placed and kept on wet ice (< 10.0oC) ice until delivered to the 
laboratory. 
 
Sampling SOP’s 
The following table lists the applicable SOP’s sampling teams will follow. 

SOP Version and date 
Method 533; Section 8.3 November 2019 
Method 537.1; Section 8.2 Ver. 2.0 March 2020 
Con-Test Labs SC DHEC 2020 User Guide Informal guide, April 2020 
Eurofins Eaton Analytical Sampling Instruction No. 48 July 2018 
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B3 Sample Handling and Custody Requirements 
The COC forms (Appendix B) will be used for this project. The COC forms must be completed in entirety 
and accompany each sample received in the laboratory. Samples received without a corresponding and 
complete chain-of-custody will be rejected. 
 
All samples will be disposed of in accordance with the laboratory Safety Manual. The samples received by 
the Laboratory for each water system, including any extracts, will be eligible for disposal once the data 
have been quality-reviewed for acceptance by the BOW. Samples including any sample extracts will not 
be retained and stored unless a written request is provided to the laboratory. 
 
 
B4 Analytical Requirements 
 

PFAS 
Analytical 
Method 

Sample Matrix 
Health 

Advisory Level 
(ppt) 

Method 
Detection 
Limit (ppt) 

Reporting Limit 
(ppt) 

EPA 537.1 
Drinking 
Water 

70 for 
PFOA/PFOS 
combined & 
individually 

2.0 ng/L (ppt) 2.0 ng/L (ppt) 

EPA 533 2.0 ng/L (ppt) 2.0 ng/L (ppt) 

The turnaround times from the labs will be approximately 10 days.  There is no expectation to get the 
samples sooner. 
 
B5 Analytical Quality Control 
The USEPA has established protocols for the analysis of Quality Control (QC) samples with each analytical 
batch of samples, generally defined as a maximum of twenty samples. All QC results must be assessed 
and evaluated by the laboratory on an on-going basis. Method-specific QC acceptance criteria must be 
used to determine the validity of the data. The on-going QC samples must meet the acceptance criteria 
specified in Table 17 of EPA 533 and Table 13 of EPA 537.1.  
 
For analytical testing, the laboratory includes positive control samples (Laboratory Fortified Blank) to 
evaluate the total analytical system. Negative control samples [Laboratory Reagent Blanks (LRB)] are used 
to assess the preparation batch for possible contamination during the preparation and processing steps. 
A blank is considered contaminated with any result equal to or greater than the analyte reporting limit. 
Specific control samples [Laboratory Fortified Matrix (LFM)] are used to indicate the effect of the sample 
matrix. Replicates (LFM, LFM duplicate) are performed to assess the precision of the results generated. 
 
Specific information regarding the frequency, composition, acceptance criteria and corrective actions is 
documented in the laboratory’s specific standard operation procedure (SOP) for implementation of 
Method 537.1 and Method 533.  Samples that have exceeded the holding time or temperature 
requirements will be flagged and analyzed.  Analytical results will be reviewed to determine if sample 
recollection is necessary. 
 
B6 Instrument and Equipment Testing, Inspection and Maintenance 
All laboratory equipment will be tested, calibrated, and maintained in accordance with any existing SOPs 
maintained by the contract laboratories.  There are no field instruments anticipated for this project. 
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B7 Instrument and Equipment Calibration and Frequency 
Will be performed as specified in EPA Methods 537.1 and 533. 
 
B8 Inspection and Acceptance of Supplies and Consumables 
Sample containers are purchased pre-cleaned.  Sample containers are one-time use. Laboratory provides 
certified cleaned sample containers with appropriate preservative(s) added. 
 
Laboratory Testing Procedure 
Laboratories will follow testing and reporting procedures and will use testing equipment in accordance 
with Method 537.1 and Method 533, per sample analysis direction from the BOW. 
 
B9 Non-Direct Measurement 
Internal/external secondary data is not required for this project. 
 
B10 Data Management  
Following sample collection, lab procedures outlined in section B2 will be followed to pack samples and 
completed chain of custody forms for shipment to the contract labs.  Analytical results in the form of a 
final report for each sample delivery group, including the ASL II data packages, will be sent via electronic 
mail from the laboratory to the project manager.  Results will be maintained on the Department’s internal 
server which is backed up daily.  All processes which involve data handling have been reviewed to ensure 
that data integrity is maintained by the Department’s IT Department. 
 

Section C Assessments and Oversight 
 
C1 Assessments/Oversight  
Identification of problems related to technical performance is the responsibility of all project team 
members. The Project Manager will assess problems that arises in the field. If necessary, modifications to 
technical procedures may be considered. Such indicated changes in technical procedures will be 
documented; evaluated to determine the impact(s), if any, to the data; discussed with and approved by 
the QAM; and, clearly explained in the Final Project Report. 
The Laboratories will perform self-audit(s) and institute corrective action(s) in accordance with their 
respective written procedures. 

Section D Data Reporting, Validation, and Usability 
 
D1 Data Review, Verification and Validation  
The Project Manager will evaluate the laboratory data packages against the final analytical results to 
determine if any field observations may have contributed to lower or higher analytical results.  The Project 
Manager will review the analytical results and determine any limitations on the use of the data and include 
these limitations in the Final Project Report. 
 
D2 Validation and Verification Methods 
Data quality review of all laboratory-generated data is performed by a second laboratory analyst not 
associated with the actual measurement operations for the given analytical batch, but knowledgeable in 
the analytical processes employed. It is the responsibility of the reviewer to ensure that all data generated 
are correct and of known and documented quality. Once the review is completed, the reviewer will sign 
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and date the appropriate QA/QC checklist according to the Laboratory SOP.  Limitations on the use of data 
will be communicated to the Laboratory Director and to the Project Manager. 
 
D3 Reconciliation with User Requirements 
As long as the review stages prescribed in this QAPP are satisfied and the data are concluded to be sound, 
the data will be determined to be useable for the purpose intended and no further assessment will be 
required.  If any data are assessed to be unusable by the Project Manager, those data will be removed 
from the project database; re-sampling may be considered. 
 
D4 Reporting, Documents and Records 
All documents will be maintained electronically by the Project Manager on Departmental servers. 
 
----------------------------------------------------------------------------------------------------------------------------------------- 
Revision History 
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Appendix B – Laboratory Chain of Custody Forms 



Doc # 379 Rev 1_03242017

7-Day 10-Day # of Containers

Company Name: Due Date: 2 Preservation Code

Address: 3 Container Code

Phone: 1-Day 3-Day Dissolved Metals Samples

Project Name: 2-Day 4-Day         Field Filtered

Project Location:         Lab to Filter

Project Number: Format: PDF EXCEL

Project Manager: Other: Orthophosphate Samples

Con-Test Quote Name/Number: CLP Like Data Pkg Required:         Field Filtered

Invoice Recipient: Email To:         Lab to Filter

Sampled By: Fax To #: 

Con-Test
Work Order#

Beginning 
Date/Time

Ending 
Date/Time

Composite      Grab
1Matrix 
Code

Conc 
Code

Comments:

Relinquished by: (signature) Date/Time:

DSCA UST/Trust Fund

Received by: (signature) Date/Time: SWS Landfill REC

IHSB Orphaned Landfill
Relinquished by: (signature) Date/Time: State Lead

Received by: (signature) Date/Time: Other:

Relinquished by: (signature) Date/Time: Project Entity Other PCB ONLY

Government Municipality Chromatogram Soxhlet

Received by: (signature) Date/Time: Federal Brownfield AIHA-LAP,LLC Non Soxhlet

City School

             Fax: 413-525-6405

Data Delivery

SWSL

S.C. Dept. of Health & 
Environmental Control 

(SC DHEC)

NELAC and AIHA-LAP, LLC Accredited

IHSB
MSCC Other:

http://www.contestlabs.com

             Phone: 413-525-2332

             Email: info@contestlabs.com

CHAIN OF CUSTODY RECORD (North Carolina)

Requested Turnaround Time

Rush-Approval Required

GWPC

2L

North Carolina Detection Limit Requirements

Client Sample ID / Description

Please use the following codes to indicate possible sample concentration 
within the Conc Code column above: 

H - High; M - Medium; L - Low;  C - Clean;  U - Unknown 3 Container Codes:
A = Amber Glass
G = Glass
P = Plastic
ST = Sterile
V = Vial
S = Summa Canister
T = Tedlar Bag
O = Other (please
define) 
____________

2 Preservation Codes:
I = Iced
H = HCL
M = Methanol
N = Nitric Acid
S = Sulfuric Acid
B = Sodium Bisulfate
X = Sodium Hydroxide
T = Sodium 
Thiosulfate
O = Other (please 
define) 
_____________

39 Spruce Street
East Longmeadow, MA 01028

Page _____ of _____

Program Information

ANALYSIS REQUESTED

http://www.contestlabs.com/
http://www.contestlabs.com/
http://www.contestlabs.com/
http://www.contestlabs.com/
http://www.contestlabs.com/


CHAIN OF CUSTODY RECORD
EUROFINS EATON ANALYTICAL USE ONLY:

  LOGIN COMMENTS: SAMPLES CHECKED AGAINST COC BY:
SAMPLES LOGGED IN BY:

SAMPLE TEMP RECEIVED AT: SAMPLES REC'D DAY OF COLLECTION?
_________ (Other) IR Gun ID = ____________  (Observation= ______  °C)  (Corr.Factor ______  °C)  (Final =  _______ °C)  
Monrovia IR Gun ID = ____________  (Observation= ______  °C)  (Corr.Factor ______  °C)  (Final =  _______ °C)  
Compliance Acceptance Criteria: (Chemistry:  4 ± 2 °C )  (Microbiology: < 10°C  )

TYPE OF ICE:  Real ____  Synthetic _____  No Ice _____ CONDITION OF ICE:   Frozen ____   Partially Frozen _____  Thawed _____  N/A ____

Pick-Up  /  Walk-In  /  FedEx  /  UPS  /  DHL  /  Area Fast  /  Top Line  /  Other: _____________

TO BE COMPLETED BY SAMPLER:    (check for yes)    (check for yes)
COMPANY/AGENCY NAME: PROJECT CODE: COMPLIANCE SAMPLES NON-COMPLIANCE SAMPLES

   - Requires state forms REGULATION INVOLVED:
Type of samples (circle one):     ROUTINE   SPECIAL   CONFIRMATION      (eg. SDWA, NPDES, etc.) 

EEA CLIENT CODE: COC ID: SAMPLE GROUP: SEE ATTACHED KIT ORDER FOR ANALYSES  (check for yes),   OR

TAT requested: rush by adv notice only  

SA
M

PL
E 

D
A

TE

SA
M

PL
E 

TI
M

E

M
A

TR
IX

 *

FI
EL

D
 D

A
TA

FI
EL

D
 D

A
TA

* MATRIX TYPES: RSW = Raw Surface Water CFW = Chlor(am)inated Finished Water SEAW = Sea Water BW = Bottled Water SO = Soil
RGW = Raw Ground Water FW = Other Finished Water WW = Waste Water SW = Storm Water SL = Sludge

QA FO 0029.2 (Version 2) (08/28/2014) PAGE ______ OF ______

RECEIVED BY:

 (check for yes)

METHOD OF SHIPMENT:

TIMEDATE

STD ___  1 wk ___  3 day ___  2 day ___  1 day ___ 

SAMPLE ID CLIENT LAB ID

O = Other - Please Identify

SAMPLER 
COMMENTS

 List  ALL ANALYSES REQUIRED (enter number of bottles sent for each test for each sample)

RELINQUISHED BY:

RECEIVED BY:

RELINQUISHED BY:

SIGNATURE PRINT NAME COMPANY/TITLE
SAMPLED BY:
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1 Scope and Application 
 
This is a solid phase extraction (SPE) liquid chromatography-tandem mass spectrometry (LC-MS/MS) 
method for the determination of select per- and polyfluoroalkyl substances (PFAS) in drinking water. 
Method 533 requires the use of MS/MS in Multiple Reaction Monitoring (MRM) mode to enhance 
selectivity. Accuracy and precision data have been generated in reagent water and drinking water for 
the compounds included in the Analyte List.  
 
This method is intended for use by analysts skilled in the performance of solid phase extractions, the 
operation of LC-MS/MS instrumentation, and the interpretation of the associated data. 

Analyte List 
Analytea Abbreviation CASRN 
11-Chloroeicosafluoro-3-oxaundecane-1-sulfonic acid 11Cl-PF3OUdS 763051-92-9 
9-Chlorohexadecafluoro-3-oxanonane-1-sulfonic acd 9Cl-PF3ONS 756426-58-1 
4,8-Dioxa-3H-perfluorononanoic acid ADONA 919005-14-4 
Hexafluoropropylene oxide dimer acid  HFPO-DA 13252-13-6 
Nonafluoro-3,6-dioxaheptanoic acid NFDHA 151772-58-6 
Perfluorobutanoic acid  PFBA 375-22-4 
Perfluorobutanesulfonic acid PFBS 375-73-5 
1H,1H, 2H, 2H-Perfluorodecane sulfonic acid 8:2FTS 39108-34-4 
Perfluorodecanoic acid PFDA 335-76-2 
Perfluorododecanoic acid PFDoA 307-55-1 
Perfluoro(2-ethoxyethane)sulfonic acid PFEESA 113507-82-7 
Perfluoroheptanesulfonic acid PFHpS 375-92-8 
Perfluoroheptanoic acid  PFHpA 375-85-9 
1H,1H, 2H, 2H-Perfluorohexane sulfonic acid  4:2FTS 757124-72-4 
Perfluorohexanesulfonic acid PFHxS 355-46-4 
Perfluorohexanoic acid PFHxA 307-24-4 
Perfluoro-3-methoxypropanoic acid PFMPA 377-73-1 
Perfluoro-4-methoxybutanoic acid PFMBA 863090-89-5 
Perfluorononanoic acid PFNA 375-95-1 
1H,1H, 2H, 2H-Perfluorooctane sulfonic acid  6:2FTS 27619-97-2 
Perfluorooctanesulfonic acid  PFOS 1763-23-1 
Perfluorooctanoic acid  PFOA 335-67-1 
Perfluoropentanoic acid PFPeA 2706-90-3 
Perfluoropentanesulfonic acid PFPeS 2706-91-4 
Perfluoroundecanoic acid PFUnA 2058-94-8 

a. Some PFAS are commercially available as ammonium, sodium, and potassium salts. This method measures all 
forms of the analytes as anions while the identity of the counterion is inconsequential. Analytes may be 
purchased as acids or as any of the corresponding salts. 
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1.1 Detection of PFAS Isomers 

Both branched and linear PFAS isomers may be found in the environment. This method includes 
procedures for summing the contribution of multiple isomers to the final reported concentration. In 
those cases where standard materials containing multiple isomers are commercially available, 
laboratories should obtain such standards for the method analytes. 

1.2 Lowest Concentration Minimum Reporting Limits 

The lowest concentration minimum reporting level (LCMRL) is the lowest concentration for which the 
future recovery is predicted to fall between 50 and 150% with high confidence (99%). Single-laboratory 
LCMRLs determined for the method analytes during method development are reported in Table 7. It 
should be noted that most of the LCMRL values determined during the second laboratory evaluation 
were lower than the values listed in Table 7. The values that a laboratory can obtain are dependent on 
the design and capability of the instrumentation used. The procedure used to determine the LCMRL is 
described elsewhere.1,2 Laboratories using this method are not required to determine LCMRLs, but they 
must demonstrate that they are able to meet the minimum reporting level (MRL) (Sect. 3.15) for each 
analyte per the procedure described in Section 9.1.4. 

1.3 Method Flexibility 

The laboratory may select LC columns, LC conditions, and MS conditions different from those used to 
develop the method. At a minimum, the isotope dilution standards and the isotope performance 
standards specified in the method must be used, if available. The laboratory may select the aqueous 
sample volume within the range of 100–250 mL that meets their objectives. During method 
development, 250 mL aqueous samples were extracted using a 500 mg solid phase extraction (SPE) 
sorbent bed volume. The ratio of sorbent mass to aqueous sample volume may not be decreased. If a 
laboratory uses 100 mL aqueous samples, the sorbent mass must be at least 200 mg. Changes may not 
be made to sample preservation, the quality control (QC) requirements, or the extraction procedure. 
The chromatographic separation should minimize the number of compounds eluting within a retention 
window to obtain a sufficient number of scans across each peak. Instrumental sensitivity (or signal-to-
noise) will decrease if too many compounds are permitted to elute within a retention time window. 
Method modifications should be considered only to improve method performance. In all cases where 
method modifications are proposed, the analyst must perform the procedures outlined in the Initial 
Demonstration of Capability (IDC, Sect. 9.1), verify that all QC acceptance criteria in this method 
(Sect. 9.2) are met, and verify method performance in a representative sample matrix (Sect. 9.3.2). 

2 Method Summary 
A 100–250 mL sample is fortified with isotopically labeled analogues of the method analytes that 
function as isotope dilution standards. The sample is passed through an SPE cartridge containing 
polystyrene divinylbenzene with a positively charged diamino ligand to extract the method analytes and 
isotope dilution analogues. The cartridge is rinsed with sequential washes of aqueous ammonium 
acetate followed by methanol, then the compounds are eluted from the solid phase sorbent with 
methanol containing ammonium hydroxide. The extract is concentrated to dryness with nitrogen in a 
heated water bath. The extract volume is adjusted to 1.0 mL with 20% water in methanol (v/v), and 
three isotopically labeled isotope performance standards are added. Extracts are analyzed by LC-MS/MS 
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in the MRM detection mode. The concentration of each analyte is calculated using the isotope dilution 
technique. For QC purposes, the percent recoveries of the isotope dilution analogues are calculated 
using the integrated peak areas of isotope performance standards, which are added to the final extract 
and function as traditional internal standards, exclusively applied to the isotope dilution analogues. 

3 Definitions 
3.1 Analysis Batch 

A set of samples that are analyzed on the same instrument during a 24-hour period that begins and ends 
with the analysis of the appropriate Continuing Calibration Check (CCC) standards. Additional CCCs may 
be required depending on the length of the Analysis Batch and the number of field samples. 

3.2 Calibration Standard 

 A solution of the method analytes, isotope dilution analogues, and isotope performance standards 
prepared from the Primary Dilution Standards and stock standards. The calibration standards are used 
to calibrate the instrument response with respect to analyte concentration. 

3.3 Continuing Calibration Check (CCC) 

A calibration standard that is analyzed periodically to verify the accuracy of the existing calibration. 

3.4 Extraction Batch   

A set of up to 20 field samples (not including QC samples) extracted together using the same lot of solid 
phase extraction devices, solvents, and fortifying solutions. 

3.5 Field Duplicates (FD) 

Separate samples collected at the same time and sampling location, shipped and stored under identical 
conditions. Method precision, including the contribution from sample collection procedures, is 
estimated from the analysis of Field Duplicates. Field Duplicates are used to prepare Laboratory Fortified 
Sample Matrix and Laboratory Fortified Sample Matrix Duplicate QC samples. For the purposes of this 
method, Field Duplicates are collected to support potential repeat analyses (if the original field sample is 
lost or if there are QC failures associated with the analysis of the original field sample). 

3.6 Field Reagent Blank (FRB) 

An aliquot of reagent water that is placed in a sample container in the laboratory and treated as a 
sample in all respects, including shipment to the sampling site, exposure to sampling site conditions, 
storage, and all analytical procedures. The purpose of the FRB is to determine if method analytes or 
other interferences are introduced into the sample from shipping, storage, and the field environment. 

3.7 Isotope Dilution Analogues 

Isotopically labeled analogues of the method analytes that are added to the sample prior to extraction in 
a known amount.  Note: Not all target PFAS currently have an isotopically labelled analogue. In these 
cases, an alternate isotopically labelled analogue is used as recommended in Table 5.  
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3.8 Isotope Dilution Technique 

An analytical technique for measuring analyte concentration using the ratio of the peak area of the 
native analyte to that of an isotopically labeled analogue, added to the original sample in a known 
amount and carried through the entire analytical procedure.  

3.9 Isotope Performance Standards 

Quality control compounds that are added to all standard solutions and extracts in a known amount and 
used to measure the relative response of the isotopically labelled analogues that are components of the 
same solution. For this method, the isotope performance standards are three isotopically labeled 
analogues of the method analytes. The isotope performance standards are indicators of instrument 
performance and are used to calculate the recovery of the isotope dilution analogues through the 
extraction procedure. In this method, the isotope performance standards are not used in the calculation 
of the recovery of the native analytes.  

3.10 Laboratory Fortified Blank (LFB) 

An aliquot of reagent water to which known quantities of the method analytes and isotope dilution 
analogues are added. The results of the LFB verify method performance in the absence of sample 
matrix. 

3.11 Laboratory Fortified Sample Matrix (LFSM) 

An aliquot of a field sample to which known quantities of the method analytes and isotope dilution 
analogues are added. The purpose of the LSFM is to determine whether the sample matrix contributes 
bias to the analytical results. Separate field samples are required for preparing fortified matrix so that 
sampling error is included in the accuracy estimate. 

3.12 Laboratory Fortified Sample Matrix Duplicate (LFSMD) 

A Field Duplicate of the sample used to prepare the LFSM that is fortified and analyzed identically to the 
LFSM. The LFSMD is used instead of the Field Duplicate to assess method precision when the method 
analytes are rarely found at concentrations greater than the MRL. 

3.13 Laboratory Reagent Blank (LRB) 

An aliquot of reagent water fortified with the isotope dilution analogues and processed identically to a 
field sample. An LRB is included in each Extraction Batch to determine if the method analytes or other 
interferences are introduced from the laboratory environment, the reagents, glassware, or extraction 
apparatus. 

3.14 Lowest Concentration Minimum Reporting Level (LCMRL) 

The single-laboratory LCMRL is the lowest spiking concentration such that the probability of spike 
recovery in the 50% to 150% range is at least 99%.1,2 

3.15 Minimum Reporting Level (MRL) 

The minimum concentration that may be reported by a laboratory as a quantified value for a method 
analyte. For each method analyte, the concentration of the lowest calibration standard must be at or 
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below the MRL and the laboratory must demonstrate its ability to meet the MRL per the criteria defined 
in Section 9.1.4. 

3.16 Precursor Ion 

The gas-phase species corresponding to the method analyte that is produced in the electrospray 
ionization interface. During tandem mass spectrometry, or MS/MS, the precursor ion is mass selected 
and fragmented by collision-activated dissociation to produce distinctive product ions of smaller mass to 
charge (m/z) ratio. For this method, the precursor ion is usually the deprotonated molecule ([M – H]–) of 
the method analyte, except for HFPO-DA. For this analyte, the precursor ion is formed by 
decarboxylation of HFPO-DA. 

3.17 Primary Dilution Standard (PDS) 

A solution that contains method analytes (or QC analytes) prepared from stock standards. PDS solutions 
are used to fortify QC samples and diluted to prepare calibration standards. 

3.18 Product Ion 

One of the fragment ions that is produced in MS/MS by collision-activated dissociation of the precursor 
ion. 

3.19 Quality Control Standard (QCS) 

A calibration standard prepared independently from the primary calibration solutions. For this method, 
the QCS is a repeat of the entire dilution scheme starting with the same stock materials (neat 
compounds or purchased stock solutions) used to prepare the primary calibration solutions. 
Independent sources and separate lots of the starting materials are not required, provided the 
laboratory has obtained the purest form of the starting materials commercially available. The purpose of 
the QCS is to verify the integrity of the primary calibration standards. 

3.20 Quantitative Standard 

A quantitative standard of assayed concentration and purity traceable to a Certificate of Analysis.  

3.21 Stock Standard Solution 

A concentrated standard that is prepared in the laboratory using assayed reference materials or that is 
purchased from a commercial source with a Certificate of Analysis. 

3.22 Technical-Grade Standard 

As defined for this method, a technical-grade standard includes a mixture of the branched and linear 
isomers of a method analyte. For the purposes of this method, technical-grade standards are used to 
identify retention times of branched and linear isomers of method analytes. 

4 Interferences 
4.1 Labware, Reagents and Equipment 

Method interferences may be caused by contaminants in solvents, reagents (including reagent water), 
sample bottles and caps, and other sample processing hardware that lead to discrete artifacts or 
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elevated baselines in the chromatograms. The analytes in this method can also be found in many 
common laboratory supplies and equipment, such as PTFE (polytetrafluoroethylene) products, LC 
solvent lines, methanol, aluminum foil, deactivated syringes, SPE sample transfer lines, etc.3 
Laboratories must demonstrate that these items are not contributing to interference by analyzing LRBs 
as described in Section 9.2.1. 

4.2 Sample Contact with Glass 

Aqueous samples should not come in contact with any glass containers or pipettes as PFAS analytes can 
potentially adsorb to glass surfaces. Standards dissolved in organic solvent may be purchased in glass 
ampoules. These standards in organic solvent are acceptable and subsequent transfers may be 
performed using glass syringes and pipets. Following extraction, the eluate must be collected in a 
polypropylene tube prior to concentration to dryness. Concentration to dryness in glass tubes may cause 
poor recovery. 

4.3 Matrix Interferences 

Matrix interferences may be caused by contaminants that are co-extracted from the sample. The extent 
of matrix interferences will vary considerably from source to source, depending upon the nature of the 
water. Humic and fulvic material may be co-extracted during SPE and high levels may cause 
enhancement or suppression in the electrospray ionization source.4 Inorganic salts may cause low 
recoveries during the anion-exchange SPE procedure.  

4.3.1 Co-extracted Organic Material 

Under the LC conditions used during method development, matrix effects due to co-extracted organic 
material enhanced the ionization of 4:2 FTS appreciably. Total organic carbon (TOC) is a good indicator 
of humic content of the sample. 

4.3.2 Inorganic Salts 

The authors confirmed acceptable method performance for matrix ion concentrations up to 250 mg/L 
chloride, 250 mg/L sulfate, and 340 mg/L hardness measured as CaCO3. Acceptable performance was 
defined as recovery of the isotope dilution analogues between 50–200%. 

4.3.3 Ammonium Acetate 

Relatively large quantities of ammonium acetate are used as a preservative. The potential exists for 
trace-level organic contaminants in this reagent. Interferences from this source should be monitored by 
analysis of LRBs, particularly when new lots of this reagent are acquired. 

4.3.4 SPE Cartridges 

Solid phase extraction cartridges may be a source of interferences. The analysis of LRBs provides 
important information regarding the presence or absence of such interferences. Each brand and lot of 
SPE devices must be monitored to ensure that contamination does not preclude analyte identification 
and quantitation. SPE cartridges should be sealed while in storage to prevent ambient contamination of 
the SPE sorbent. 
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4.4 Bias Caused by Isotopically Labeled Standards 

During method development, no isotopically labeled standard solution yielded any signal that gave the 
same mass and retention time as any native analyte. However, due to isotopic impurity, the 13C3-PFBA 
isotope performance standard contained a small amount of 13C4-PFBA, slightly contributing to the signal 
of the isotope dilution analogue. Further, due to natural abundance of 34S, the native telomer sulfonates 
produced a small contribution to the 13C2 labeled telomer sulfonate isotope dilution analogues. The 
effects on quantitation are insignificant. However, these cases are described below in Sections 4.4.2 and 
4.4.3 to alert the user that these situations could occur. 

4.4.1 Method Analytes 

At the concentrations used to collect method performance data, the authors could not detect any 
contribution from the isotope dilution analogues or isotope performance standards to the 
corresponding native analyte response. However, the user should evaluate each source of isotopically 
labeled analogues and isotope performance standards to verify that they do not contain any native 
analyte at concentrations greater than 1/3 of the MRL.  

4.4.2 Isotopic purity of 13C3-PFBA 

In this method, 13C3-PFBA is used as an isotope performance standard and 13C4-PFBA is used as an 
isotope dilution analogue. Both share the same product ion, m/z 172. Ten nanograms per liter of 13C4-
PFBA is added to the sample prior to extraction (10 ng/mL extract concentration assuming 100% 
recovery), and 10 ng/mL of 13C3-PFBA is added to the final extract. Because the natural abundance of 13C 
is 1.1%, there is a 1.1% contribution to the 13C4-PFBA area from the lone, unlabeled 12C atom in 13C3-
PFBA. The authors confirmed this contribution empirically. Users of this method may consider this bias 
to the area of the PFBA isotope dilution analogue insignificant. 

4.4.3 Isotopic purity of 13C4-PFBA  

A trace amount of 13C3-PFBA was detected in the 13C4-PFBA. The contribution was no greater than 1%. 
The contribution of the isotope performance standard to the isotope dilution analogue is insignificant.  

4.4.4 Telomer Sulfonates 

Each of the three telomer sulfonates in the analyte list (4:2FTS, 6:2FTS, and 8:2FTS) are referenced to 
their 13C2 isotope dilution analogue. The mass difference between the telomer sulfonates and the 
isotope dilution analogues is 2 mass units. The single sulfur atom in each of the unlabeled molecules has 
a naturally occurring M+2 isotope (34S) at 4.25%. Thus, the precursor ions of the 13C2 isotopically labeled 
analogues and the naturally occuring 34S analogues present in the native analytes have the same 
nominal masses. The product ions of the telomer sulfonate isotope dilution analogues listed in Table 6 
would contain a small contribution from the 34S analogue of the native telomer sulfonates. At the 
concentrations used in this study, the contribution of the 34S analogue to the isotope dilution analogue 
was not greater than 2.7%. Alternate product ions may be used if there is sufficient abundance.  

5 Safety 
Each chemical should be treated as a potential health hazard and exposure to these chemicals should be 
minimized. Each laboratory is responsible for maintaining an awareness of OSHA regulations regarding 
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safe handling of chemicals used in this method. A reference file of safety data sheets should be made 
available to all personnel involved in the chemical analysis. 

6 Equipment and Supplies 
References to specific brands and catalog numbers are included as examples only and do not imply 
endorsement of the products. Such reference does not preclude the use of equivalent products from 
other vendors or suppliers. Due to potential adsorption of analytes onto glass, polypropylene containers 
were used for sample preparation and extraction steps. Other plastic materials (e.g., polyethylene) that 
meet the QC requirements of Section 9 may be substituted. 

6.1 Sample Containers 

Polypropylene bottles with polypropylene screw caps (for example, 250 mL bottles, Fisher Scientific, Cat. 
No. 02-896-D or equivalent). 

6.2 Polypropylene Vials 

These vials are used to store stock standards and PDS solutions (4 mL, VWR Cat. No. 16066-960 or 
equivalent). 

6.3 Centrifuge Tubes 

Conical polypropylene centrifuge tubes (15 mL) with polypropylene screw caps for storing standard 
solutions and for collection of the eluate during the extraction procedure (Thomas Scientific Cat. No.  
2602A10 or equivalent). 

6.4 Autosampler Vials 

Polypropylene autosampler vials (ThermoFisher, Cat. No. C4000-14) with polypropylene caps 
(ThermoFisher, Cat. No. C5000-50 or equivalent). Note: Polypropylene vials and caps are necessary to 
prevent contamination of the sample from PTFE coated septa. However, polypropylene caps do not 
reseal, creating the potential for evaporation to occur after injection. Multiple injections from the same 
vial are not permissible unless the cap is replaced immediately after injection. 

6.5 Micro Syringes 

Suggested sizes include 10, 25, 50, 100, 250, 500 and 1000 µL. 

6.6 Pipets 

Polypropylene or glass pipets may be used for methanolic solutions. 

6.7 Analytical Balance 

Capable of weighing to the nearest 0.0001 g. 

6.8 Solid Phase Extraction (SPE) Apparatus 

6.8.1 SPE Cartridges 

SPE cartridges containing weak anion exchange, mixed-mode polymeric sorbent (polymeric backbone 
and a diamino ligand), particle size approximately 33 µm. The SPE sorbent must have a pKa above 8 so 
that it remains positively charged during extraction. SPE cartridges containing 500 mg sorbent 
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(Phenomenex Cat. No. 8B-S038-HCH) were used during method development. Use of 200 mg cartridges 
is acceptable for the extraction of 100 mL samples.  

6.8.2 Vacuum Extraction Manifold 

Equipped with flow and vacuum control [Supelco Cat. No. 57030-U, UCT Cat. No. VMF016GL (the latter 
requires UCT Cat. No. VMF02116 control valves), or equivalent systems]. Automated devices designed 
for use with SPE cartridges may be used; however, all extraction and elution steps must be the same as 
in the manual procedure. Care must be taken with automated SPE systems to ensure that Teflon tubing 
and other PTFE components commonly used in these systems, do not contribute to unacceptable 
analyte concentrations in LRBs. 

6.8.3 Sample Delivery System  

Use of large volume sampling lines, constructed with polyethylene tubing, are recommended, but not 
mandatory. Large volume sample transfer lines, constructed with PTFE tubing, are commercially 
available for standard extraction manifolds (Supelco Cat. No. 57275 or equivalent). The PTFE tubing can 
be replaced with 1/8” o.d. x 1/16” i.d. polyethylene tubing [Freelin-Wade (McMinnville, Oregon) LLDPE 
or equivalent] cut to an appropriate length. This prevents potential contamination from PTFE transfer 
lines. Other types of non-PTFE tubing may be used provided it meets the LRB and LFB QC requirements. 
PTFE tubing may be used, but an LRB must be run on each individual transfer line and the QC 
requirements in Section 9.2.1 must be met. In the case of automated SPE, the removal of PTFE lines may 
not be feasible; therefore, acceptable performance for the LRB must be met for each port during the IDC 
(Sect 9.1.1). LRBs must be rotated among the ports during routine analyses thereafter. Plastic reservoirs 
are difficult to rinse during elution and their use may lead to lower recovery. 

6.9 Extract Concentration System 

Extracts are concentrated by evaporation with high-purity nitrogen using a water bath set no higher 
than 60 °C [N-Evap, Model 11155, Organomation Associates (Berlin, MA), Inc., or equivalent]. 

6.10 Laboratory Vacuum System 

Sufficient capacity to maintain a vacuum of approximately 15 to 20 inches of mercury for extraction 
cartridges. 

6.11 pH Meter 

Used to verify the pH of the phosphate buffer and to measure the pH of the aqueous sample prior to 
anion exchange SPE. 

6.12 LC-MS/MS System 

6.12.1 LC System 

The LC system must provide consistent sample injection volumes and be capable of performing binary 
linear gradients at a constant flow rate. On some LC systems, PFAS may build up in PTFE transfer lines 
when the system is idle for more than one day. To prevent long delays in purging high levels of PFAS 
from the LC solvent lines, it may be useful to replace PTFE tubing with PEEKTM tubing and the PTFE 
solvent frits with stainless steel frits. These modifications were not used on the LC system used for 
method development. However, a delay column, HLB Direct Connect 2.1 x 30 mm (Waters 186005231), 
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was placed in the mobile phase flow path immediately before the injection valve. This direct connect 
column may have reduced the co-elution of PFAS originating from sources prior to the sample loop from 
the PFAS injected in the sample. It may not be possible to remove all PFAS background contamination. 

6.12.2 Analytical Column 

C18 liquid chromatography column (2 x 50 mm) packed with 3 µm C18 solid phase particles 
(Phenomenex Part Number 00B-4439-B0 or equivalent).  

6.12.3 Electrospray Ionization Tandem Mass Spectrometer (ESI-MS/MS) 

The mass spectrometer must be capable of electrospray ionization in the negative ion mode. The system 
must be capable of performing MS/MS to produce unique product ions for the method analytes within 
specified retention time segments. A minimum of 10 scans across the chromatographic peak is needed 
to ensure adequate precision. Some ESI-MS/MS instruments may not be suitable for PFAS analysis. See 
the procedures in Section 10.1.2.1 to ensure that the selected MS/MS platform is capable of monitoring 
all the required MS/MS transitions for the method analytes. 

6.12.4 MS/MS Data System 

An interfaced data system is required to acquire, store, and output MS data. The computer software 
must have the capability of processing stored data by recognizing a chromatographic peak within a given 
retention time window. The software must allow integration of the abundance of any specific ion 
between specified time or scan number limits. The software must be able to construct a linear 
regression or quadratic regression calibration curve and calculate analyte concentrations using the 
internal standard technique. 

7 Reagents and Standards 
Reagent grade or better chemicals must be used. Unless otherwise indicated, all reagents must conform 
to the specifications of the Committee on Analytical Reagents of the American Chemical Society (ACS), 
where such specifications are available. Other grades may be used if the reagent is demonstrated to be 
free of analytes and interferences and all requirements of the IDC are met when using these reagents. 

7.1 Reagent Water 

Purified water which does not contain any measurable quantities of any method analytes or interfering 
compounds greater than one-third of the MRL for each method analyte. It may be necessary to flush the 
water purification unit to rinse out any build-up of PFAS in the system prior to collection of reagent 
water. 

7.2 Methanol 
CH3OH, CASRN 67-56-1, LC grade (Fisher Scientific, Cat. No. A456 or equivalent). 

7.3 Ammonium Acetate 

NH4C2H3O2, CASRN 631-61-8, HPLC grade, molecular weight equals 77.08 g/mole. 
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7.3.1 20 mM Ammonium Acetate 

Chromatographic mobile phase. To prepare 1 L, add 1.54 g ammonium acetate to 1 L of reagent water. 
This solution is volatile and must be replaced at least once per week. More frequent replacement may 
be necessary if unexplained losses in sensitivity or retention time shifts are encountered. 

7.3.2 1 g/L Ammonium Acetate 

Used to rinse SPE cartridges after loading the aqueous sample and prior to the methanol rinse. Prepare 
in reagent water. 

7.4 Concentrated Ammonium Hydroxide Reagent 

NH4OH, CASRN 1336-21-6, approximately 56.6% in water as ammonium hydroxide (w/w), approximately 
28% in water as ammonia, approximately 14.5 N (Fisher Scientific, Cat. No. A669, Certified ACS Plus 
grade, or equivalent).  

7.5 Solution of Ammonium Hydroxide in Methanol 

Used for elution of SPE cartridges. Dilute 2 mL of concentrated ammonium hydroxide (56.6% w/w) in 
100 mL methanol. This solution should be made fresh on the day of extraction. 

7.6 Sodium Phosphate Dibasic (Na2HPO4) 

Used for creating the aqueous buffer for conditioning the SPE cartridges. Dibasic sodium phosphate may 
be purchased in either the anhydrous or any hydrated form. The formula weight will vary based on 
degree of hydration. 

7.7 Sodium Phosphate Monobasic (NaH2PO4) 

Used for creating the aqueous buffer for conditioning the SPE cartridges. Monobasic sodium phosphate 
may be purchased in either the anhydrous or any hydrated form. The formula weight will vary based on 
degree of hydration. 

7.8 0.1 M Phosphate Buffer pH 7.0 

Mix 500 mL of 0.1 M dibasic sodium phosphate with approximately 275 mL of 0.1 M monobasic sodium 
phosphate. Verify that the solution pH is approximately 7.0. 

7.9 Nitrogen 

7.9.1 Nitrogen Nebulizer Gas 

Nitrogen used as a nebulizer gas in the ESI interface and as collision gas in some MS/MS platforms 
should meet or exceed the instrument manufacturer’s specifications.  

7.9.2 Nitrogen used for Concentrating Extracts 

Ultra-high-purity-grade nitrogen should be used to concentrate sample extracts. 

7.10 Argon 

Used as collision gas in MS/MS instruments. Argon should meet or exceed instrument manufacturer’s 
specifications. Nitrogen may be used as the collision gas if recommended by the instrument 
manufacturer. 
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7.11 Sodium Hydroxide 

May be purchased as pellets or as aqueous solution of known concentration. Added to methanolic 
solutions of PFAS to prevent esterification. 

7.12 Acetic Acid (glacial) 

May be necessary to adjust pH of aqueous samples. The pH of the aqueous sample containing 1 g/L 
ammonium acetate must be between 6 and 8. 

7.13 Standard Solutions 

7.13.1 Stability of Methanolic Solutions 

Fluorinated carboxylic acids will esterify in anhydrous acidic methanol. To prevent esterification, 
standards must be stored under basic conditions. If base is not already present, this may be 
accomplished by the addition of sodium hydroxide (approximately 4 mole equivalents) when standards 
are diluted in methanol. When calculating molarity for solutions containing multiple PFAS, the molecular 
weight can be estimated as 250 atomic mass units (amu). It is necessary to include sodium hydroxide in 
solutions of both isotopically labeled and native analytes. The amount of sodium hydroxide needed may 
be calculated using the following equation: 
 

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑚𝑚𝑇𝑇𝑚𝑚𝑚𝑚 (𝑔𝑔) × 160( 𝑔𝑔
𝑚𝑚𝑇𝑇𝑇𝑇)

250 ( 𝑔𝑔
𝑚𝑚𝑇𝑇𝑇𝑇)

= 𝑀𝑀𝑇𝑇𝑚𝑚𝑚𝑚 𝑇𝑇𝑜𝑜 𝑁𝑁𝑇𝑇𝑁𝑁𝑁𝑁 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 (𝑔𝑔) 

 

7.13.2 Preparation of Standards 

When a compound purity is assayed to be 96% or greater, the weight can be used without correction to 
calculate the concentration of the stock standard. Sorption of PFAS analytes in methanol solution to 
glass surfaces after prolonged storage has not been evaluated. PFAS analyte and isotopically labeled 
analogues commercially purchased in glass ampoules are acceptable; however, all subsequent transfers 
or dilutions performed by the analyst must be stored in polypropylene containers. 
Solution concentrations listed in this section were used to develop this method and are included as 
examples. Alternate concentrations may be used as necessary depending on instrument sensitivity and 
the calibration range used. Standards for sample fortification generally should be prepared in the 
smallest volume that can be accurately measured to minimize the addition of excess organic solvent to 
aqueous samples. Laboratories should use standard QC practices to determine when standards need to 
be replaced. The analyte supplier’s guidelines may be helpful when making this determination. 

7.14 Storage Temperatures for Standards Solutions 

Store stock standards at less than 4 °C unless the vendor recommends otherwise. The Primary Dilution 
Standards may be stored at any temperature, but cold storage is recommended to prevent solvent 
evaporation. During method development, the PDS was stored at –20 °C and no change in analyte 
concentrations was observed over a period of 6 months. 
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7.15 Isotope Performance Standards 

This method requires three isotope performance standards listed in the table below. These isotopically 
labeled compounds were chosen during method development to include the analogues of three method 
analytes: two carboxylates with different chain lengths and a sulfonate. 
 
Obtain the isotope performance standards as certified standard solutions, if available, or as the neat 
compounds. During method development, the isotope performance standards were obtained from 
Wellington Laboratories (Guelph, ON, Canada) as certified stocks in basic methanol. Note that Chemical 
Abstracts Registry Numbers are not currently available for these compounds. The concentrations of the 
stocks supplied by Wellington are listed in the table below. 
 

Isotope Performance Standards 
Abbreviation 

Wellington 
Stock, µg/mL 

PDS, ng/µL 

Perfluoro-n-[2,3,4-13C3]butanoic acid 13C3-PFBA 50 1.0 
Perfluoro-[1,2-13C2]octanoic acid 13C2-PFOA 50 1.0 
Sodium perfluoro-1-[1,2,3,4-13C4]octanesulfonate 13C4-PFOS 50a 3.0 

a. 47.8 µg/mL as the anion. 

All the isotope performance standards listed in this section must be used, if available. Additional isotope 
performance standards may be used provided they are isotopically labeled analytes or labeled analytes 
with similar functional groups as the method analytes. Linear isomers are recommended to simplify 
peak integration. Method modification QC requirements must be met (Sect. 9.3) whenever additional 
isotope performance standards are used. 

7.15.1 Isotope Performance Standard PDS 

Prepare the isotope performance standard PDS in methanol and add sodium hydroxide if not already 
present to prevent esterification as described in Section 7.13.1. The PDS concentrations used to develop 
the method are listed in the table above (Sect. 7.15). During collection of method performance data, the 
final extracts were fortified with 10 µL of the PDS to yield a concentration of 10 ng/mL for 13C3-PFBA and 
13C2-PFOA, and 30 ng/mL for 13C4-PFOS (28.7 ng/mL as the anion). 

7.16 Isotope Dilution Analogues  

Obtain the isotopically labeled analogues listed in the table in this section as individual certified 
standard solutions or as certified standard mixes. All listed isotope dilution analogues must be used, if 
available. Linear isomers are recommended to simplify peak integration. During method development, 
the isotope dilution analogues were obtained from Wellington Laboratories (Guelph, ON, Canada) as 
certified stocks in basic methanol. These analogues were chosen during method development because 
they encompass most of the functional groups, as well as the molecular weight range of the method 
analytes. Note that Chemical Abstracts Registry Numbers are not currently available for these 
isotopically labeled analogues.  
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Isotope Dilution Standards 

Abbreviation 
PDS, 

ng/µLa 
Perfluoro-n-[1,2,3,4-13C4]butanoic acid 13C4-PFBA 0.50 
Perfluoro-n-[1,2,3,4,5-13C5]pentanoic acid 13C5-PFPeA 0.50 
Sodium perfluoro-1-[2,3,4-13C3]butanesulfonate 13C3-PFBS 0.50 
Sodium 1H,1H,2H,2H-perfluoro-1-[1,2-13C2]hexane sulfonate 13C2-4:2FTS 2.0 
Perfluoro-n-[1,2,3,4,6-13C5]hexanoic acid 13C5-PFHxA 0.50 
2,3,3,3-Tetrafluoro-2-(1,1,2,2,3,3,3-heptafluoropropoxy-13C3-propanoic acid 13C3-HFPO-DA 0.50 
Perfluoro-n-[1,2,3,4-13C4]heptanoic acid 13C4-PFHpA 0.50 
Sodium perfluoro-1-[1,2,3-13C3]hexanesulfonate 13C3-PFHxS 0.50 
Sodium 1H,1H,2H,2H-perfluoro-1-[1,2-13C2]-octane sulfonate 13C2-6:2FTS 2.0 
Perfluoro-n-[13C8]octanoic acid 13C8-PFOA 0.50 
Perfluoro-n-[13C9]nonanoic acid 13C9-PFNA 0.50 
Sodium perfluoro-[13C8]octanesulfonate 13C8-PFOS 0.50 
Sodium 1H,1H,2H,2H-perfluoro-1-[1,2-13C2]-decane sulfonate 13C2-8:2FTS 2.0 
Perfluoro-n-[1,2,3,4,5,6-13C6]decanoic acid 13C6-PFDA 0.50 
Perfluoro-n-[1,2,3,4,5,6,7-13C7]undecanoic acid 13C7-PFUnA 0.50 
Perfluoro-n-[1,2-13C2]dodecanoic acid 13C2-PFDoA 0.50 

a. Concentrations used during method development. 

As additional isotopically labelled PFAS analogues become commercially available they may be 
integrated into the method provided they have similar functional groups as the method analytes or are 
isotopically labeled analogues of the method analytes. Method modification QC requirements must be 
met (Sect. 9.3) whenever new analogues are proposed. 

7.16.1 Isotope Dilution Analogue PDS  

Prepare the isotope dilution analogue PDS in methanol and add sodium hydroxide if not already present 
to prevent esterification as described in Section 7.13.1. The PDS concentrations used during method 
development are listed in the table above. Method performance data were collected using 20 µL of this 
PDS to yield concentrations of 40–160 ng/L in the 250 mL aqueous samples. Note that the 
concentrations of sulfonates in the isotope dilution analogue PDS is based on the weight of the salt. It is 
not necessary to account for difference in the formula weight of the salt compared to the free acid for 
sample quantitation. 

7.17 Analyte Standard Materials 

Analyte standards may be purchased as certified standard solutions or prepared from neat materials of 
assayed purity. If available, the method analytes should be purchased as technical-grade (as defined in 
Sect. 3.22) to ensure that linear and branched isomers are represented. Standards or neat materials that 
contain only the linear isomer can be substituted if technical-grade analytes are not available as 
quantitative standards. 
 
During method development, analyte standards were obtained from AccuStandard, Inc. (New Haven, 
CT), Absolute Standards (Hamden, CT), Wellington Laboratories (Guelph, Ontario, Canada), Santa Cruz 
Biotechnology (Dallas, TX), and Synquest Laboratories, Inc. (Alachua, FL). Stock standards are made by 
dilution in methanol containing 4 mole equivalents of sodium hydroxide as described in Section 7.13.1 
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7.17.1 PFOA 

A quantitative standard for PFOA is currently available only for the linear isomer; however, a technical-
grade standard (Sect. 3.22) is available for PFOA that contains the linear and branched isomers 
(Wellington Labs, Cat. No. T-PFOA, or equivalent). This product or a similar technical-grade PFOA 
standard must be used to identify the retention times of the branched and linear PFOA isomers. 
However, the linear-only PFOA standard must be used for quantitation until a quantitative PFOA 
standard containing the branched and linear isomers becomes commercially available. 

7.17.2 PFHxS and PFOS 

Technical grade, quantitative PFHxS and PFOS standards containing branched and linear isomers must 
be used when available. 

7.17.3 Correction for Analytes Obtained in the Salt Form 

This method measures all forms of the analytes as anions while the identity of the counterion is 
inconsequential. Analytes may be commercially available as neat materials or as certified stock 
standards as their corresponding ammonium, sodium, or potassium salts. These salts are acceptable 
standards provided the measured mass, or concentration, is corrected for the salt content. The equation 
for this correction is provided below. 

𝑚𝑚𝑇𝑇𝑚𝑚𝑚𝑚(𝑇𝑇𝑎𝑎𝑅𝑅𝑅𝑅 𝑜𝑜𝑇𝑇𝑅𝑅𝑚𝑚) = 𝑚𝑚𝑇𝑇𝑚𝑚𝑚𝑚(𝑚𝑚𝑇𝑇𝑇𝑇𝑇𝑇 𝑜𝑜𝑇𝑇𝑅𝑅𝑚𝑚) ×
𝑀𝑀𝑀𝑀𝑇𝑇𝑎𝑎𝑅𝑅𝑅𝑅
𝑀𝑀𝑀𝑀𝑚𝑚𝑇𝑇𝑇𝑇𝑇𝑇

 

7.17.4 Analyte PDS 

The analyte PDS is used to prepare the calibration standards and to fortify the LFBs, LFSMs and LFSMDs 
with the method analytes. Prepare the analyte PDS by combining and diluting the analyte stock 
standards in 100% methanol and add sodium hydroxide if not already present to prevent esterification 
as described in Section 7.13.1. Select nominal analyte concentrations for the PDS such that between 5 
and 100 µL of the PDS is used to fortify samples and prepare standard solutions. More than one PDS 
concentration may be necessary to meet this requirement. During method development, the analyte 
PDS was prepared at an identical concentration for all analytes, 0.5 ng/µL. The user may modify the 
concentrations of the individual analytes based on the confirmed MRLs and the desired monitoring 
range. If the PDS is stored cold, warm the vials to room temperature and vortex prior to use. 

7.17.5 Calibration Standards 

Prepare a series of calibration standards of at least five levels by diluting the analyte PDS into methanol 
containing 20% reagent water. The lowest calibration standard must be at or below the MRL for each 
analyte. The calibration standards may also be used as Continuing Calibration Checks (CCCs). Using the 
PDS solutions, add a constant amount of the isotope performance standards and the isotope dilution 
analogues to each calibration standard. The concentration of the isotope dilution analogues should 
match the concentration of the analogues in sample extracts, assuming 100% recovery through the 
extraction process. During method development, the concentrations of the isotope dilution analogues 
were 40 ng/mL extract concentration (160 ng/L in the aqueous sample) for 4:2FTS, 6:2FTS and 8:2FTS, 
and 10 ng/mL (40 ng/L) for all others. The analyte calibration ranged from approximately 0.50 ng/mL to 
25 ng/mL extract concentration. 
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8 Sample Collection, Preservation, and Storage 
8.1 Sample Bottles 

Samples must be collected in plastic bottles: polypropylene bottles fitted with polypropylene screw-
caps, or polyethylene bottles with polypropylene screw caps. Discard sample bottles after a single use. 
The bottle volume should approximate the volume of the sample. Subsampling from a single bottle is 
not permitted except as described in Section 12.5. 

8.2 Sample Preservation 

Based on sample volume, add ammonium acetate to each sample bottle as a solid (prior to shipment to 
the field or immediately prior to sample collection) to achieve a 1g/L concentration of ammonium 
acetate. Ammonium acetate will sequester free chlorine to form chloramine.  

8.3 Sample Collection 

8.3.1 Precautions against Contamination 

Workers must wash their hands before sampling and wear nitrile gloves while filling and sealing the 
sample bottles. Users should seek to minimize accidental contamination of the samples. 

8.3.2 Collection Procedure 

Open the tap and allow the system to flush until the water temperature has stabilized. Collect samples 
from the flowing system. Samples do not need to be collected headspace free. After collecting the 
sample, cap the bottle and agitate by hand until the preservative is dissolved. Keep the sample sealed 
from time of collection until extraction.  

8.4 Field Reagent Blanks (FRB) 

Each sample set must include an FRB. A sample set is defined as samples collected from the same site 
and at the same time. The same lot of preservative must be used for the FRBs as for the field samples. 

8.4.1 Analysis of Reagent Water used for FRBs 

Reagent water used for the FRBs must be analyzed prior to shipment to ensure the water has minimal 
residual PFAS. Extract an LRB prepared with reagent water using the same lot of sample bottles destined 
for shipment to the sampling site and ensure that analyte concentrations are less than one-third the 
MRL, as described in Section 9.2.1. This will ensure that any significant contamination detected in the 
FRBs originated from exposure in the field. 

8.4.2 Field Reagent Blank Procedure 

In the laboratory, fill the FRB sample bottle with the analyzed reagent water (Sect. 8.4.1), then seal and 
ship to the sampling site with the sample bottles. For each FRB shipped, a second FRB sample bottle 
containing only preservative must also be shipped. At the sampling site, open the FRB bottle and pour 
the reagent water into the second sample bottle containing preservative; seal and label this bottle as 
the FRB with the date, time and location of the site. 
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8.5 Sample Shipment and Storage 

Samples must be shipped on ice. Samples are valid if any ice remains in the cooler when it is received at 
the laboratory or bottles are received within 2 days of collection and below 10 0C. Once at the 
laboratory, samples must be stored at or below 6 °C until extraction. Samples must not be frozen.  

8.6 Sample and Extract Holding Times 

Analyze samples as soon as possible. Samples must be extracted within 28 days of collection. Extracts 
are generally stored at room temperature and must be analyzed within 28 days after extraction. 

9 Quality Control 
QC procedures include the IDC and ongoing QC requirements. This section describes each QC 
parameter, its required frequency, and the performance criteria that must be met in order to satisfy 
method objectives. The QC criteria discussed in the following sections are summarized in Table 16 and 
Table 17. These QC requirements are considered the minimum for an acceptable QC program. 
Laboratories are encouraged to institute additional QC practices to meet their specific needs. 

9.1 Initial Demonstration of Capability 

The IDC must be successfully performed prior to analyzing field samples. The IDC must be repeated if 
changes are made to analytical parameters not previously validated during the IDC. This may include, for 
example, changing the sample volume, selecting alternate quantitation ions, extending the calibration 
range, adding additional isotope performance standards, or adding additional isotope dilution 
analogues. Prior to conducting the IDC, the analyst must meet the calibration requirements outlined in 
Section 10. The same calibration range used during the IDC must be used for the analysis of field 
samples. 

9.1.1 Demonstration of Low System Background 

Analyze an LRB immediately after injecting the highest calibration standard in the selected calibration 
range. Confirm that the blank is free from contamination as defined in Section 9.2.1. If an automated 
extraction system is used, an LRB must be extracted on each port to fulfil this requirement. 

9.1.2 Demonstration of Precision  

Prepare, extract, and analyze seven replicate LFBs in a valid Extraction Batch (seven LFBs and an LRB). 
Fortify the LFBs near the midpoint of the initial calibration curve. The percent relative standard deviation 
(%RSD) of the concentrations of the replicate analyses must be less than 20% for all method analytes. 

9.1.3 Demonstration of Accuracy 

Using the same set of replicate data generated for Section 9.1.2, calculate the average percent recovery. 
The average recovery for each analyte must be within a range of 70–130%. 

9.1.4 Minimum Reporting Level (MRL) Confirmation 
Establish a target concentration for the MRL (Sect. 3.15) based on the intended use of the method. If 
there is a programmatic MRL requirement, the laboratory MRL must be set at or below this level. In 
doing so, one should consider that establishing the MRL concentration too low may cause repeated 
failure of ongoing QC requirements.  
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Perform initial calibration following the procedures in Section 10.3. The lowest calibration standard used 
to establish the initial calibration (as well as the low-level CCC) must be at, or below, the MRL. Confirm 
the laboratory’s ability to meet the MRL following the procedure outlined below.  

9.1.4.1 Prepare and Analyze MRL Samples 
Fortify, extract, and analyze seven replicate LFBs at, or below, the proposed MRL concentration. 

9.1.4.2 Calculate MRL Statistics 
Calculate the mean and standard deviation for each analyte in these replicates. Determine the Half 
Range for the Prediction Interval of Results (HRPIR) using the following equation: 

𝑁𝑁𝑅𝑅𝑃𝑃𝑃𝑃𝑃𝑃 = 3.963𝑃𝑃 
Where, 
S = the standard deviation and 3.963 is a constant value for seven replicates.1 
 
Calculate the Upper and Lower Limits for the Prediction Interval of Results (PIR = Mean ± HRPIR) as shown 
below. These equations are only defined for seven replicate samples. 

𝑈𝑈𝑈𝑈𝑈𝑈𝑅𝑅𝑅𝑅 𝑃𝑃𝑃𝑃𝑅𝑅 𝐿𝐿𝑅𝑅𝑚𝑚𝑅𝑅𝑇𝑇 =
𝑀𝑀𝑅𝑅𝑇𝑇𝑀𝑀 +  𝑁𝑁𝑅𝑅𝑃𝑃𝑃𝑃𝑃𝑃

𝑃𝑃𝑇𝑇𝑅𝑅𝑇𝑇𝑅𝑅𝑜𝑜𝑅𝑅𝑅𝑅𝑅𝑅 𝐶𝐶𝑇𝑇𝑀𝑀𝑎𝑎𝑅𝑅𝑀𝑀𝑇𝑇𝑅𝑅𝑇𝑇𝑇𝑇𝑅𝑅𝑇𝑇𝑀𝑀
 × 100 

 

𝐿𝐿𝑇𝑇𝐿𝐿𝑅𝑅𝑅𝑅 𝑃𝑃𝑃𝑃𝑅𝑅 𝐿𝐿𝑅𝑅𝑚𝑚𝑅𝑅𝑇𝑇 =
𝑀𝑀𝑅𝑅𝑇𝑇𝑀𝑀 −  𝑁𝑁𝑅𝑅𝑃𝑃𝑃𝑃𝑃𝑃

𝑃𝑃𝑇𝑇𝑅𝑅𝑇𝑇𝑅𝑅𝑜𝑜𝑅𝑅𝑅𝑅𝑅𝑅 𝐶𝐶𝑇𝑇𝑀𝑀𝑎𝑎𝑅𝑅𝑀𝑀𝑇𝑇𝑅𝑅𝑇𝑇𝑇𝑇𝑅𝑅𝑇𝑇𝑀𝑀
 × 100 

9.1.4.3 MRL Acceptance Criteria 
The laboratory’s ability to meet the MRL is confirmed if the Upper PIR Limit is less than, or equal to, 
150%; and the Lower PIR Limit is greater than, or equal to, 50%. If these criteria are not met, the MRL 
has been set too low and must be confirmed again at a higher concentration. 

9.1.5 Calibration Verification 

Analyze a QCS (Sect. 9.2.9) to confirm the accuracy of the primary calibration standards. 

9.2 Ongoing QC Requirements  

This section describes the ongoing QC elements that must be included when processing and analyzing 
field samples. 

9.2.1 Laboratory Reagent Blank (LRB) 

Analyze an LRB with each Extraction Batch. Background concentrations of method analytes must be less 
than one-third the MRL. If method analytes are detected in the LRB at concentrations greater than or 
equal to this level, then all positive field sample results (i.e., results at or above the MRL) for those 
analytes are invalid for all samples in the Extraction Batch. Subtracting blank values from sample results 
is not permitted. 
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9.2.1.1 Estimating Background Concentrations  

Although quantitative data below the MRL may not be accurate enough for data reporting, such data 
are useful in determining the magnitude of background interference. Therefore, the analyte 
concentrations in the LRB may be estimated by extrapolation when results are below the MRL. 

9.2.1.2 Influence of Background on Selection of MRLs  

Because background contamination can be a significant problem, some MRLs may be background 
limited.    

9.2.1.3 Evaluation of Background when Analytes Exceed the Calibration Range  

After analysis of a sample in which method analytes exceed the calibration range, one or more LRBs 
must be analyzed (to detect potential carryover) until the system meets the LRB acceptance criteria. If 
this occurs during an automated sequence, examine the results of samples analyzed following the 
sample that exceeded the calibration range. If the analytes that exceeded the calibration range in the 
previous sample are detected at, or above, the MRL, these samples are invalid. If the affected analytes 
do not exceed the MRL, these subsequent samples may be reported. 

9.2.2 Continuing Calibration Check (CCC ) 

Analyze CCC standards at the beginning of each Analysis Batch, after every tenth field sample, and at the 
end of the Analysis Batch. See Section 10.4 for concentration requirements and acceptance criteria for 
CCCs. 

9.2.3 Laboratory Fortified Blank 

An LFB is required with each Extraction Batch. The concentration of the LFB must be rotated between 
low, medium, and high concentrations from batch to batch. 

9.2.3.1 LFB Concentration Requirements 

Fortify the low concentration LFB near the MRL. The high concentration LFB must be near the high end 
of the calibration range. 

9.2.3.2 Evaluate Analyte Recovery 

Results for analytes fortified at concentrations near or at the MRL (within a factor of two times the MRL 
concentration) must be within 50–150% of the true value. Results for analytes fortified at all other 
concentrations must be within 70–130% of the true value. If the LFB results do not meet these criteria, 
then all data for the problem analytes must be considered invalid for all samples in the Extraction Batch. 

9.2.4 Isotope Performance Standard Areas 

The analyst must monitor the peak areas of the isotope performance standards in all injections of the 
Analysis Batch. The isotope performance standard responses (as indicated by peak area) in any 
chromatographic run must be within 50–150% of the average area measured during the initial 
calibration. Random evaporation losses have been observed with the polypropylene caps causing high-
biased isotope performance standard areas. If an isotope performance standard area for a sample does 
not meet these criteria, reanalyze the extract in a subsequent Analysis Batch. If the isotope performance 
standard area fails to meet the acceptance criteria in the repeat analysis, extraction of the sample must 
be repeated, provided the sample is still within holding time.  
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9.2.5 Isotope Dilution Analogue Recovery 

Calculate the concentration of each isotope dilution analogue in field and QC samples using the average 
area in the initial calibration and the internal standard technique. Calculate the percent recovery (%R) 
for each analogue as follows: 

%𝑅𝑅 =
𝑃𝑃
𝐵𝐵

× 100 

Where, 
A = measured concentration of the isotope dilution analogue, and 
B = fortification concentration of the isotope dilution analogue. 

The percent recovery for each analogue must be within a range of 50–200%. 

9.2.5.1 Corrective Action for Failed Analogue Recovery 

If an isotope dilution analogue fails to meet the recovery criterion, evaluate the area of the isotope 
performance standard to which the analogue is referenced and the recovery of the analogues in the 
CCCs. If necessary, recalibrate and service the LC-MS/MS system. Take corrective action, then analyze 
the failed extract in a subsequent Analysis Batch. If the repeat analysis meets the 50–200% recovery 
criterion, report only data for the reanalyzed extract. If the repeat analysis fails the recovery criterion 
after corrective action, extraction of the sample must be repeated provided a sample is available and 
still within the holding time.  

9.2.6 Laboratory Fortified Sample Matrix (LFSM) 
Within each Extraction Batch, analyze a minimum of one LFSM. The native concentrations of the 
analytes in the sample matrix must be determined in a separate field sample and subtracted from the 
measured values in the LFSM. If various sample matrices are analyzed regularly, for example, drinking 
water processed from ground water and surface water sources, collect performance data for each 
source. 

9.2.6.1 Prepare the LFSM 
Prepare the LFSM by fortifying a Field Duplicate with an appropriate amount of the analyte PDS 
(Sect. 7.17.4) and isotope dilution analogue PDS (Sect. 7.16.1). Generally, select a spiking concentration 
that is greater than or equal to the native concentration for the analytes. Selecting a duplicate aliquot of 
a sample that has already been analyzed aids in the selection of an appropriate spiking level. If this is not 
possible, use historical data when selecting a fortifying concentration. 

9.2.6.2 Calculate the Percent Recovery 
Calculate the percent recovery (%R) using the equation: 

%𝑅𝑅 =
(𝑃𝑃 − 𝐵𝐵)

𝐶𝐶
× 100 

Where, 
A = measured concentration in the fortified sample, 
B = measured concentration in the unfortified sample, and 
C = fortification concentration. 

In order to obtain meaningful percent recovery results, correct the measured values in the LFSM and 
LFSMD for the native levels in the unfortified samples, even if the native values are less than the MRL. 
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9.2.6.3 Evaluate Analyte Recovery in the LFSM 
Results for analytes fortified at concentrations near or at the MRL (within a factor of two times the MRL 
concentration) must be within 50–150% of the true value. Results for analytes fortified at all other 
concentrations must be within 70–130% of the true value. If the accuracy for any analyte falls outside 
the designated range, and the laboratory performance for that analyte is shown to be in control in the 
CCCs and in the LFB, the recovery is judged matrix biased. Report the result for the corresponding 
analyte in the unfortified sample as “suspect–matrix”. 

9.2.7 Laboratory Fortified Sample Matrix Duplicate (LFSMD) or Field Duplicate (FD) 
Within each Extraction Batch, analyze a minimum of one Field Duplicate or one Laboratory Fortified 
Sample Matrix Duplicate. If the method analytes are not routinely observed in field samples, analyze an 
LFSMD rather than an FD. 

9.2.7.1 Calculate the RPD for the LFSM and LFSMD 
If an LFSMD is analyzed instead of a Field Duplicate, calculate the RPD using the equation: 

𝑅𝑅𝑃𝑃𝑅𝑅 =
|𝐿𝐿𝑃𝑃𝑃𝑃𝑀𝑀𝑅𝑅 − 𝐿𝐿𝑃𝑃𝑃𝑃𝑀𝑀|

(𝐿𝐿𝑃𝑃𝑃𝑃𝑀𝑀𝑅𝑅 + 𝐿𝐿𝑃𝑃𝑃𝑃𝑀𝑀) 2⁄
× 100 

9.2.7.2 Acceptance Criterion for the RPD of the LFSM and LFSMD 
RPDs for duplicate LFSMs must be less than, or equal to, 30% for each analyte. Greater variability may 
be observed when the matrix is fortified at analyte concentrations near or at the MRL (within a factor of 
two times the MRL concentration). LFSMs at these concentrations must have RPDs that are less than or 
equal to 50%. If the RPD of an analyte falls outside the designated range, and the laboratory 
performance for the analyte is shown to be in control in the CCCs and in the LFB, the precision is judged 
matrix influenced. Report the result for the corresponding analyte in the unfortified sample as “suspect–
matrix”. 

9.2.7.3 Calculate the RPD for Field Duplicates 
Calculate the relative percent difference (RPD) for duplicate measurements. (FD1 and FD2) using the 
equation: 

𝑅𝑅𝑃𝑃𝑅𝑅 =
|FD1 − FD2|

(FD1 + FD2) 2⁄
× 100 

9.2.7.4 Acceptance Criterion for Field Duplicates 
RPDs for Field Duplicates must be less than, or equal to, 30% for each analyte. Greater variability may be 
observed when Field Duplicates have analyte concentrations that are near or at the MRL (within a factor 
of two times the MRL concentration). At these concentrations, Field Duplicates must have RPDs that are 
less than or equal to 50%. If the RPD of an analyte falls outside the designated range, and the laboratory 
performance for the analyte is shown to be in control in the CCC and in the LFB, the precision is judged 
matrix influenced. Report the result for the corresponding analyte in the unfortified sample as “suspect–
matrix” 

9.2.8 Field Reagent Blank (FRB) 

The purpose of the FRB is to ensure that PFAS measured in the field samples were not inadvertently 
introduced into the sample during sample collection and handling. The FRB is processed, extracted, and 
analyzed in exactly the same manner as a field sample. Analysis of the FRB is required only if a field 
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sample contains a method analyte or analytes at, or above, the MRL. If a method analyte found in the 
field sample is present in the FRB at a concentration greater than one-third of the MRL, then the results 
for that analyte are invalid for all samples associated with the failed FRB. 

9.2.9 Calibration Verification using QCS 

A QCS must be analyzed during the IDC, and then quarterly thereafter. For this method, the laboratory is 
not required to obtain standards from a source independent of the primary calibration standards. 
Instead, the laboratory should acquire the best available quantitative standards (Sect. 3.20) and use 
these to prepare both the primary calibration standards and the QCS. The QCS must be an independent 
dilution beginning with the common starting materials. Preparation by a second analyst is 
recommended. The acceptance criterion for the QCS is 70–130% of the true value. If the accuracy for 
any analyte fails the recovery criterion, prepare fresh standard dilutions and repeat the Calibration 
Verification. 

9.3 Method Modification QC Requirements 
The analyst is permitted to modify the chromatographic and MS/MS conditions. Examples of permissible 
method modifications include alternate LC columns, MRM transitions, and additional QC analytes 
proposed for use with the method. Any method modifications must be within the scope of the 
established method flexibility and must retain the basic chromatographic elements of this method 
(Sect. 2). The following are required after a method modification. 

9.3.1 Repeat the IDC 
Establish an acceptable initial calibration (Sect. 10.3) using the modified conditions. Repeat the 
procedures of the IDC (Sect. 9.1). 

9.3.2 Document Performance in Representative Sample Matrices 
The analyst is also required to evaluate and document method performance for the modifications in real 
matrices that span the range of waters that the laboratory analyzes. This additional step is required 
because modifications that perform acceptably in the IDC, which is conducted in reagent water, could 
fail ongoing method QC requirements in real matrices. This is particularly important for methods subject 
to matrix effects, such as LC-MS/MS-based methods. For example, a laboratory may routinely analyze 
finished drinking water from municipal treatment plants that process ground water, surface water, or a 
blend of surface and ground water. In this case, the method modification requirement could be 
accomplished by assessing precision (Sect. 9.1.2) and accuracy (Sect. 9.1.3) in finished drinking waters 
derived from a surface water with moderate to high total organic carbon (e.g., 2 mg/L or greater) and 
from a hard ground water (e.g., 250 mg/L as calcium carbonate (CaCO3) equivalent, or greater). 

10 Calibration and Standardization 
Demonstration and documentation of acceptable MS calibration and initial analyte calibration are 
required before performing the IDC and prior to analyzing field samples. The initial calibration should be 
repeated each time a major instrument modification or maintenance is performed. 
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10.1 MS/MS Optimization 

10.1.1 Mass Calibration 

Calibrate the mass spectrometer with the calibration compounds and procedures specified by the 
manufacturer. 

10.1.2 MS Parameters 

During the development of this method, instrumental parameters were optimized for the precursor and 
product ions listed in Table 6. Product ions other than those listed may be selected; however, the 
analyst should avoid using ions with lower mass or common ions that may not provide sufficient 
discrimination between the analytes of interest and co-eluting interferences. 

10.1.2.1 Requirement for Branched Isomers 

There have been reports. that not all product ions in the linear PFOS are produced in all branched PFOS 
isomers.5 (This phenomenon may exist for many of the PFAS.) For this method, the m/z 80 product ion 
must be used for PFOS and PFHxS to minimize this problem and promote comparability between 
laboratories. Some MS/MS instruments, may not be able to scan a product ion with such a wide mass 
difference from the precursor ion. These instruments may not be used for this method if PFOS or PFHxS 
analysis is to be conducted. 

10.1.2.2 Precursor Ion 

Optimize the response of the precursor ion ([M – H]– or [M – CO2 – H]–) for each analyte following 
manufacturer’s guidance. Analyte concentrations of 1.0 µg/mL were used for this step during method 
development. Vary the MS parameters (source voltages, source and desolvation temperatures, gas 
flows, etc.) until optimal analyte responses are determined. The electrospray parameters used during 
method development are listed in Table 2. The analytes may have different optimal parameters, 
requiring some compromise on the final operating conditions. See Table 6 for ESI-MS conditions used to 
collect method performance data. 

10.1.2.3 Product Ion 

Optimize the product ion for each analyte following the manufacturer’s guidance. Typically, the 
carboxylic acids have similar MS/MS conditions and the sulfonic acids have similar MS/MS conditions. 
See Table 6 for MS/MS conditions used to collect method performance data. 

10.2 Chromatographic Conditions 

Establish LC operating parameters that optimize resolution and peak shape. Suggested LC conditions can 
be found in Table 1. Modifying the solvent composition of the standard or extract by increasing the 
aqueous content to better focus early eluting compounds on the column is not permitted. A decrease in 
methanol concentration could lead to lower or imprecise recovery of the more hydrophobic method 
analytes, while higher methanol concentration could lead to the precipitation of salts in some extracts. 
The peak shape of the early eluting compounds may be improved by increasing the volume of the 
injection loop or increasing the aqueous content of the initial mobile phase composition. 
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10.2.1 Minimizing PFAS Background 

LC system components, as well as the mobile phase constituents, may contain many of the analytes in 
this method. Thus, these PFAS will build up on the head of the LC column during mobile phase 
equilibration. To minimize the background PFAS peaks and to keep baseline levels constant, the time the 
LC column sits at initial conditions must be kept constant and as short as possible (while ensuring 
reproducible retention times). In addition, priming the mobile phase and flushing the column with at 
least 90% methanol before initiating a sequence may reduce background contamination. 

10.2.2 Establishing Branched vs. Linear Isomer Profiles 

Prepare and analyze the technical-grade standard of PFOA, discussed in Section 7.17.1, at a mid- to high-
level concentration. Identify the retention times of the branched isomers of PFOA present in the 
technical-grade PFOA standard. When PFOA is chromatographed on a reversed-phase column, the 
branched isomers elute prior to the linear isomer. Repeat the procedure in this section for PFHxS and 
PFOS discussed in Section 7.17.2, and any other analytes for which technical-grade standards have been 
acquired. The branched isomer identification checks must be repeated any time chromatographic 
changes occur that alter analyte retention times. 

10.2.3 Establish LC-MS/MS Retention Times and MRM Segments 

Inject a mid- to high-level calibration standard under optimized LC-MS/MS conditions to obtain the 
retention times of each method analyte. Divide the chromatogram into segments that contain one or 
more chromatographic peaks. For maximum sensitivity, minimize the number of MRM transitions that 
are simultaneously monitored within each segment. Ensure that the retention time window used to 
collect data for each analyte is of sufficient width to detect earlier eluting branched isomers.  
The retention times observed during collection of the method performance data are listed in Table 3, 
Table 4, and Table 5. 

10.3 Initial Calibration 

This method has three isotope performance standards that are used as reference compounds for the 
internal standard quantitation of the isotope dilution analogues. The suggested isotope performance 
standard reference for each isotope dilution analogue is listed in Table 4. The sixteen isotope dilution 
analogues are used as reference compounds to quantitate the native analyte concentrations. The 
suggested isotope dilution analogue references for the native analytes are listed in Table 5. 

10.3.1 Calibration Standards 

Prepare a set of at least five calibration standards as described in Section 7.17.5. The analyte 
concentrations in the lowest calibration standard must be at or below the MRL. 

10.3.2 Calibration Curves of Native Analytes 

Quantitate the native analytes using the internal standard calibration technique. The internal standard 
technique calculates concentration based on the ratio of the peak area of the native analyte to that of 
the isotope dilution analogue. Calibrate the LC-MS/MS and fit the calibration points with either a linear 
or quadratic regression. Weighting may be used. Forcing the calibration curve through the origin is 
mandatory for this method. Forcing zero allows for a better estimate of the background levels of 
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method analytes. The MS/MS instrument used during method development was calibrated using 
weighted (1/x) quadratic regression with forced zero.  

10.3.3 Calibration of Isotope Dilution Analogues 

The isotope dilution analogues are quantified using the internal standard calibration technique. Because 
isotope dilution analogues are added at a single concentration level to the calibration standards, 
calibrate for each of these using an average response factor. 

10.3.4 Calibration of Isotope Performance Standards 

Because Isotope performance standards are added at a single concentration level to the calibration 
standards, calibrate for each of these using an average response factor.   

10.3.5 Calibration Acceptance Criteria 

Evaluate the initial calibration by calculating the concentration of each analyte as an unknown against its 
regression equation. For calibration levels that are less than or equal to the MRL, the result for each 
analyte should be within 50–150% of the true value. All other calibration points should be within 70–
130% of their true value. If these criteria cannot be met, the analyst could have difficulty meeting 
ongoing QC criteria. In this case, corrective action is recommended such as reanalyzing the calibration 
standards, restricting the range of calibration, or performing instrument maintenance. If the cause for 
failure to meet the criteria is due to contamination or standard degradation, prepare fresh calibration 
standards and repeat the initial calibration. 

10.4 Continuing Calibration 

Analyze a CCC to verify the initial calibration at the beginning of each Analysis Batch, after every tenth 
field sample, and at the end of each Analysis Batch. The beginning CCC for each Analysis Batch must be 
at, or below, the MRL for each analyte. This CCC verifies instrument sensitivity prior to the analysis of 
samples. If standards have been prepared such that all low calibration levels are not in the same 
solution, it may be necessary to analyze two standards to meet this requirement. Alternatively, the 
nominal analyte concentrations in the analyte PDS may be customized to meet these criteria. Alternate 
subsequent CCCs between the mid and high calibration levels. Verify that the CCC meets the criteria in 
the following sections. 

10.4.1 CCC Isotope Performance Standard Responses 

The absolute area of the quantitation ion for each of the three isotope performance standards must be 
within 50–150% of the average area measured during the initial calibration. If these limits are exceeded, 
corrective action is necessary (Sect. 10.5). 

10.4.2 CCC Isotope Dilution Analogue Recovery 

Using the average response factor determined during the initial calibration and the internal standard 
calibration technique, calculate the percent recovery of each isotope dilution analogue in the CCC. The 
recovery for each analogue must be within a range of 70–130%. If these limits are exceeded, corrective 
action is necessary (Sect. 10.5). 
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10.4.3 CCC Analyte Responses 

Calculate the concentration of each method analyte in the CCC. Each analyte fortified at a level less than 
or equal to the MRL must be within 50–150% of the true value. The concentration of the analytes in 
CCCs fortified at all other levels must be within 70–130%. If these limits are exceeded, then all data for 
the failed analytes must be considered invalid. Any field samples analyzed since the last acceptable CCC 
that are still within holding time must be reanalyzed after an acceptable calibration has been restored. 

10.4.3.1 Exception for High Recovery 

If the CCC fails because the calculated concentration is greater than 130% (150% for the low-level CCC) 
for a method analyte, and field sample extracts show no concentrations above the MRL for that analyte, 
non-detects may be reported without re-analysis. 

10.5 Corrective Action 

Failure to meet the CCC QC performance criteria requires corrective action. Following a minor remedial 
action, such as servicing the autosampler or flushing the column, check the calibration with a mid-level 
CCC and a CCC at the MRL, or recalibrate according to Section 10.3. If isotope performance standard and 
calibration failures persist, maintenance may be required, such as servicing the LC-MS/MS system or 
replacing the LC column. These latter measures constitute major maintenance and the analyst must 
return to the initial calibration step (Sect. 10.3). 

11 Procedure 
This procedure may be performed manually or in an automated mode using a robotic or automatic 
sample preparation device. The data published in this method (Sect. 17) demonstrate acceptable 
performance using manual extraction. The authors did not evaluate automated extraction systems. If an 
automated system is used to prepare samples, follow the manufacturer's operating instructions, but all 
extraction and elution steps must be the same as in the manual procedure. Extraction and elution steps 
may not be changed or omitted to accommodate the use of an automated system. If an automated 
system is used, the LRBs should be rotated among the ports to ensure that all the valves and tubing 
meet the LRB requirements (Sect. 9.2.1). 

11.1 Sample Bottle Rinse 

Some of the PFAS adsorb to surfaces, including polypropylene. During the elution step of the procedure, 
sample bottles must be rinsed with the elution solvent whether extractions are performed manually or 
by automation.  

11.2 Reuse of Extraction Cartridges 

The SPE cartridges described in this section are designed for a single use. They may not be reconditioned 
for subsequent analyses. 

11.3 Sample Preparation 

11.3.1 Sample Volume 

Determine sample volume. An indirect measurement may be done in one of two ways: by marking the 
level of the sample on the bottle or by weighing the sample and bottle to the nearest 1 gram. After 
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extraction, proceed to Section 11.5  to complete the volume measurement. Some of the PFAS adsorb to 
surfaces, thus the sample may not be transferred to a graduated cylinder for volume measurement. The 
LRB, LFB and FRB must have the same volume as that of the field samples and may be prepared by 
measuring reagent water with a graduated cylinder. 

11.3.2 Verifying Sample pH 

Verify that the sample containing 1 g/L ammonium acetate has a pH between 6.0 and 8.0. Acetic acid 
may be added as needed to reduce the pH  

11.3.3 Fortify QC Samples 

Fortify LFBs, LFSMs, and LFSMDs, with an appropriate volume of Analyte PDS (Sect. 7.17.4). Cap and 
invert each sample several times to mix. 

11.3.4 Addition of Isotope Dilution Analogues 

Add an aliquot of the isotope dilution analogue PDS (Sect. 7.16.1) to each sample, then cap and invert to 
mix. During method development, a 20 µL aliquot of the PDS (0.50–2.0 ng/µL) was added to achieve a 
final concentration of 40 ng/L of the isotopically labeled carboxylates and perfluorinated sulfonates, and 
160 ng/L of the telomer sulfonates. 

11.4 Extraction Procedure 

11.4.1 Cartridge Cleaning and Conditioning 

Do not allow cartridge packing material to go dry during any of the conditioning steps. If the cartridge 
goes dry during the conditioning phase, the conditioning must be repeated. Rinse each cartridge with 
10 mL of methanol. Next, rinse each cartridge with 10 mL of aqueous 0.1 M phosphate buffer (Sect. 7.8) 
without allowing the water to drop below the top edge of the packing. Close the valve and add 2–3 mL 
of phosphate buffer to the cartridge reservoir and fill the remaining volume with reagent water. 

11.4.2 Cartridge Loading 

Attach the sample transfer tubes (Sect. 6.8.3) and adjust the vacuum to approximately 5 inches Hg. 
Begin adding sample to the cartridge. Adjust the vacuum and control valves so that the approximate 
flow rate is 5 mL/min. Do not allow the cartridge to go dry before all the sample has passed through. 
Flow rates above 5 mL/min during loading may cause low analyte recovery. 

11.4.3 Sample Bottle Rinse and Cartridge Drying 

After the entire sample has passed through the cartridge, rinse the sample bottle with a 10 mL aliquot of 
1 g/L ammonium acetate in reagent water. Draw the rinsate through the sample transfer tubes and the 
cartridges. Add 1 mL of methanol to the sample bottle and draw through the transfer tube and SPE 
cartridge. This step is designed to remove most of the water from the transfer line and cartridge 
resulting in the reduction of the salt and water present in the eluate. The methanol rinse may also 
reduce interferences by removing weakly retained organic material prior to elution. If plastic reservoirs 
are used instead of transfer lines, the reservoirs must be rinsed with the ammonium acetate solution 
and the 1 mL aliquot of methanol. 
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11.4.4 Cartridge Drying 

Draw air or nitrogen through the cartridge for 5 min at high vacuum (15–20 in. Hg). 

11.4.5 Sample Bottle and Cartridge Elution 

After the drying step, release the vacuum on the extraction manifold and place a collection tube under 
each sample position. Rinse the sample bottles with 5 mL of the elution solvent, methanol with 2% 
ammonium hydroxide (v/v), then elute the analytes from the cartridges by pulling the elution solvent 
through the sample transfer tubes and the cartridges. Use a low vacuum such that the solvent exits the 
cartridge in a dropwise fashion. Repeat sample bottle rinse and cartridge elution with a second 5 mL 
aliquot of elution solvent. If plastic reservoirs are used instead of transfer lines, attempt to rinse the 
entire inner surface of the reservoir with the elution solvent. 

11.4.6 Extract Concentration 

Concentrate the extract to dryness under a gentle stream of nitrogen in a heated water bath (55–60 °C). 
Reconstitute the extract with 1.0 mL of 20% reagent water in methanol (v/v). Add the isotope 
performance standards to the extract and vortex. 

11.4.7 Extract Transfer and Storage 

Transfer the final extract to a polypropylene autosampler vial. Store extracts at room temperature. 
Recap vials as soon as possible after injection to prevent evaporation losses; the polypropylene caps do 
not reseal after puncture. Alternatively, extracts can be stored in the 15 mL collection tubes after 
extraction. A small aliquot can be removed for analysis if the autosampler vial and injection system 
accommodate small volumes. 

11.5 Sample Volume Determination 

Use a graduated cylinder to measure the volume of water required to fill the original sample bottle to 
the mark made prior to extraction. If using weight to determine the volume, weigh the empty bottle to 
the nearest 1 gram and subtract this value from the weight recorded prior to extraction. Assume a 
sample density of 1.0 g/mL. Record the sample volumes for use in the final calculations of analyte 
concentrations. 

11.6 Sample Analysis 

11.6.1 Establish LC-MS/MS Operating Conditions 

Establish MS/MS operating conditions per the procedures in Section 10.1 and chromatographic 
conditions per Section 10.2. Establish a valid initial calibration following the procedures in Section 10.3 
or confirm that the existing calibration is still valid by analyzing a low-level CCC. If establishing an initial 
calibration for the first time, complete the IDC prior to analyzing field samples. Analyze field and QC 
samples in a properly sequenced Analysis Batch as described in Section 11.7. 

11.6.2 Verify Retention Time Windows 

The analyst must ensure that each method analyte elutes entirely within the assigned window during 
each Analysis Batch. Make this observation by viewing the quantitation ion for each analyte in the CCCs 
analyzed during an Analysis Batch. If an analyte peak drifts out of the assigned window, then data for 
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that analyte is invalid in all injections acquired since the last valid CCC. In addition, all peaks representing 
multiple isomers of an analyte must elute entirely within the same MRM window. 

11.7 Analysis Batch Sequence 

An Analysis Batch is a sequence of samples, analyzed within a 24-hour period, of no more than 20 field 
samples and includes all required QC samples (LRB, CCCs, the LFSM and LFSMD (or FD)). The required QC 
samples are not included in counting the maximum field sample total of 20. LC-MS/MS conditions for 
the Analysis Batch must be the same as those used during calibration. 

11.7.1 Analyze Initial CCC 

After a valid calibration is established, begin every Analysis Batch by analyzing an initial low-level CCC at 
or below the MRL. This initial CCC must be within 50–150% of the true value for each method analyte 
and must pass both the isotope performance standard area response criterion (Sect. 10.4.1) and the 
isotope dilution analogue recovery criterion (Sect. 10.4.2). The initial CCC confirms that the calibration is 
still valid. Failure to meet the QC criteria may indicate that recalibration is required prior to analyzing 
samples. 

11.7.2 Analyze Field and QC Samples 

After the initial CCC, continue the Analysis Batch by analyzing an LRB, followed by the field samples and 
QC samples. Analyze a mid- or high-level CCC after every ten field samples and at the end each Analysis 
Batch. Do not count QC samples (LRBs, FDs, LFSMs, LFSMDs) when calculating the required frequency of 
CCCs. 

11.7.3 Analyze Final CCC 

The last injection of the Analysis Batch must be a mid- or high-level CCC. The acquisition start time of the 
final CCC must be within 24 hours of the acquisition start time of the low-level CCC at the beginning of 
the Analysis Batch. More than one Analysis Batch within a 24-hour period is permitted. An Analysis 
Batch may contain field and QC samples from multiple extraction batches. 

11.7.4 Initial Calibration Frequency  

A full calibration curve is not required before starting a new Analysis Batch. A previous calibration can be 
confirmed by running an initial, low-level CCC followed by an LRB. If a new calibration curve is analyzed, 
an Analysis Batch run immediately thereafter must begin with a low-level CCC and an LRB. 

12 Data Analysis and Calculations 
Because environmental samples may contain both branched and linear isomers of the method analytes, 
but quantitative standards that contain branched isomers do not exist for all method analytes, 
integration and quantitation of the PFAS is dependent on the type of standard materials available.  

12.1 Identify Peaks by Retention Times 

At the conclusion of data acquisition, use the same software settings established during the calibration 
procedure to identify analyte peaks in the predetermined retention time windows. Confirm the identity 
of each analyte by comparison of its retention time with that of the corresponding analyte peak in an 
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initial calibration standard or CCC. Proceed with quantitation based on the type of standard available for 
each method analyte. 

12.1.1 Method Analytes without Technical-Grade Standards 

If standards containing the branched and linear isomers cannot be purchased (i.e., only the linear isomer 
is available), only the linear isomer can be identified and quantitated in field samples and QC samples 
because the retention time of the branched isomers cannot be confirmed. 

12.1.2 PFHxS, PFOS, and other Analytes with Technical-Grade Standards 

During method development, multiple chromatographic peaks, representing branched and linear 
isomers, were observed for standards of PFHxS and PFOS using the LC conditions in Table 1. For PFHxS 
and PFOS, all the chromatographic peaks observed in the standard must be integrated and the areas 
summed. Chromatographic peaks in all field samples and QC samples must be integrated in the same 
way as the calibration standard for analytes with quantitative standards containing the branched and 
linear isomers. 

12.1.3 PFOA 

For PFOA, identify the branched and linear isomers by analyzing a technical-grade standard that includes 
both linear and branched isomers as directed in Section 10.2.2 and ensure that all isomers elute within 
the same acquisition segment. Quantitate field samples and fortified matrix samples by integrating the 
total response, accounting for peaks that are identified as linear and branched isomers. Quantitate 
based on the initial calibration with the quantitative PFOA standard containing just the linear isomer. 

12.2 Calculate Analyte Concentrations 

Calculate analyte concentrations using the multipoint calibration and the measured sample volume. 
Report only those values that fall between the MRL and the highest calibration standard.  

12.3 Calculate Isotope Dilution Analogue Recovery 

Calculate the concentration of each isotope dilution analogue using the multipoint calibration and the 
measured sample volume. Verify that the percent recovery is within 50–200% of the true value. 

12.4 Significant Figures 

Calculations must use all available digits of precision, but final reported concentrations should be 
rounded to an appropriate number of significant figures (one digit of uncertainty), typically two, and not 
more than three significant figures. 

12.5 Exceeding the Calibration Range 

The analyst must not extrapolate beyond the established calibration range. If an analyte result exceeds 
the range of the initial calibration curve, a field duplicate of the sample must be extracted, if available.  
Dilute an aliquot of the field duplicate with reagent water to a final volume equal to that used for the 
IDC. Add ammonium acetate to a final concentration of 1 g/L and process the diluted sample. Report all 
concentrations measured in the original sample that do not exceed the calibration range. Report 
concentrations of analytes that exceeded the calibration range in the in the original sample based on 
measurement in a diluted sample. Incorporate the dilution factor into final concentration calculations 
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and the resulting data must be annotated as a dilution. This is the only circumstance when subsampling 
is permitted. 

13 Method Performance 
13.1 Precision, Accuracy, and LCMRL Results 

Tables for these data are presented in Section 17. LCMRLs are presented in Table 7. Single-laboratory 
precision and accuracy data are presented for three water matrices: reagent water (Table 8), finished 
ground water (Table 10), and a drinking water matrix from a surface water source (Table 12). The mean 
isotope dilution analogue recoveries measured in the replicate samples used in these studies are 
presented in Table 9 for reagent water, Table 11 for finished groundwater, and Table 13 for the surface 
water matrix. 

13.2 Analyte Stability Study 

Chlorinated (finished) surface water samples were inoculated with microbial-rich water from an 
impacted surface source and fortified with 40 ng/L of the PFAS method analytes. These samples were 
stored as required in this method. The percent change from the initial analyzed concentration observed 
after 7, 14, 21, and 28 days is presented in Section 17, Table 14. 

13.3 Extract Storage Stability 

Extract storage stability studies were conducted on extracts obtained from the analyte stability study 
(Sect. 13.2). The percent change from the initial analyzed concentration observed after 14, 21, and 27 
days storage is presented in Section 17, Table 15. 

14 Pollution Prevention 
For information about pollution prevention applicable to laboratory operations described in this 
method, consult: Less is Better, Guide to Minimizing Waste in Laboratories, a publication available from 
the American Chemical Society (accessed April 2019) at www.acs.org. 

15 Waste Management 
Laboratory waste management practices should be consistent with all applicable rules and regulations, 
and that laboratories protect the air, water, and land by minimizing and controlling all releases from 
fume hoods and bench operations. In addition, compliance is required with any sewage discharge 
permits and regulations, particularly the hazardous waste identification rules and land disposal 
restrictions. 
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17  Tables, Figures and Method Performance Data 

Table 1. HPLC Method Conditionsa 

Time (min) % 20 mM ammonium acetate % Methanol 
Initial 95.0 5.0 

0.5 95.0 5.0 

3.0 60.0 40.0 

16.0 20.0 80.0 

18.0 20.0 80.0 

20.0 5.0 95.0 

22.0 5.0 95.0 

25.0 95.0 5.0 
35.0 95.0 5.0 

a. Phenomenex Gemini® C18, 2 x 50 mm, 3.0 µm silica with TMS end-capping. Flow rate of 0.25 
mL/min; run time 35 minutes; 10 µL injection into a 50 µL loop. The chromatogram in Figure 1 was 
obtained under these conditions. 

Table 2. ESI-MS Method Conditions 

ESI Conditions for Waters (Milford, MA) Xevo TQD 

Polarity Negative ion 

Capillary needle voltage -2.7 kV 

Cone gas flow 40 L/hour 

Nitrogen desolvation gas 800 L/hour 

Desolvation gas temperature 300 °C 
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Table 3. Isotopically Labeled Isotope Performance Standards and Retention Times 

Isotope Performance Standard Peak # 
(Figure 1) 

RT 
(min) 

13C3-PFBA 1 4.14 
13C2-PFOA 26 12.19 
13C4-PFOS 32 13.73 

Table 4. Isotope Dilution Analogues:  RTs and Suggested Isotope Performance Standard 
References 

Isotopically Labeled Analyte Peak # 
(Fig. 1) 

RT 
(min) 

Suggested Isotope Performance Standard 

13C4-PFBA 2 4.14 13C3-PFBA 
13C5-PFPeA 5 6.13 13C3-PFBA 
13C3-PFBS 7 6.62 13C4-PFOS 
13C2-4:2FTS 12 8.12 13C4-PFOS 
13C5-PFHxA 14 8.35 13C2-PFOA 
13C3-HFPO-DA 17 9.06 13C2-PFOA 
13C4-PFHpA 19 10.34 13C2-PFOA 
13C3-PFHxS 21 10.61 13C4-PFOS 
13C2-6:2FTS 24 12.05 13C4-PFOS 
13C8-PFOA 27 12.19 13C2-PFOA 
13C9-PFNA 30 13.70 13C2-PFOA 
13C8-PFOS 33 13.73 13C4-PFOS 
13C2-8:2FTS 36 14.94 13C4-PFOS 
13C6-PFDA 38 15.00 13C2-PFOA 
13C7-PFUnA 40 16.14 13C2-PFOA 
13C2-PFDoA 43 17.13 13C2-PFOA 
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Table 5. Method Analytes, Retention Times and Suggested Isotope Dilution Analogue 
References 

Analyte Peak # 
(Figure 1) 

RT 
(min) 

Isotope Dilution Analogue 

PFBA 3 4.15 13C4-PFBA 
PFMPA 4 4.84 13C4-PFBA 
PFPeA 6 6.13 13C5-PFPeA 
PFBS 8 6.62 13C3-PFBS 

PFMBA 9 6.81 13C5-PFPeA 

PFEESA 10 7.53 13C3-PFBS 
NFDHA 11 8.01 13C5-PFHxA 
4:2FTS 13 8.12 13C2-4:2FTS 

PFHxA 15 8.36 13C5-PFHxA 
PFPeS 16 8.69 13C3-PFHxS 

HFPO-DA 18 9.06 13C3-HFPO-DA 

PFHpA 20 10.42 13C4-PFHpA 
PFHxS 22 10.62 13C3-PFHxS 

ADONA 23 10.73 13C4-PFHpA 

6:2FTS 25 12.04 13C2-6:2FTS 

PFOA 28 12.19 13C8-PFOA 
PFHpS 29 12.28 13C8-PFOS 
PFNA 31 13.70 13C9-PFNA 
PFOS 34 13.74 13C8-PFOS 

9Cl-PF3ONS 35 14.53 13C8-PFOS 

8:2 FTS 37 14.94 13C2-8:2FTS 

PFDA 39 15.00 13C6-PFDA 
PFUnA 41 16.14 13C7-PFUnA 
11Cl-PF3OUdS 42 16.70 13C8-PFOS 

PFDoA 44 17.13 13C2-PFDoA 
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Table 6. MS/MS Method Conditionsa  

Segmentb 
Analyte 

Precursor Ion c 
(m/z) 

Product Ionc,d 
(m/z) 

Cone Voltage 
(v) 

Collision Energye 
(v) 

1 PFBA 213 169 22 10 
1 13C3-PFBA 216 172 22 10 
1 13C4-PFBA 217 172 22 10 
1 PFMPA 229 85 23 10 
2 PFPeA 263 219 20 8 
2 13C5-PFPeA 268 223 20 8 
2 13C3-PFBS 302 80 45 30 
2 PFBS 299 80 45 30 
2 PFMBA 279 85 22 10 
3 PFEESA 315 135 44 20 
3 NFDHA 295 201 14 8 
3 13C2-4:2FTS 329 309 40 18 
3 4:2FTS 327 307 40 18 
3 13C5-PFHxA 318 273 20 8 
3 PFHxA 313 269 20 8 
3 PFPeS 349 80 45 35 
3 13C3-HFPO-DA 287f 169 15 5 
3 HFPO-DA 285f 169 15 5 
4 13C4-PFHpA 367 322 15 8 
4 PFHpA 363 319 15 8 
4 13C3-PFHxSg 402 80 45 40 
4 PFHxSh 399 80 45 40 
4 ADONA 377 251 15 10 
5 13C2-6:2FTS 429 409 47 22 
5 6:2FTS 427 407 47 22 
5 13C2-PFOA 415 370 18 10 
5 13C8-PFOA 421 376 18 10 
5 PFOA 413 369 18 10 
5 PFHpS 449 80 45 40 
6 13C9-PFNA 472 427 17 10 
6 PFNA 463 419 17 10 
6 13C4-PFOSg 503 80 45 45 
6 13C8-PFOSg 507 80 45 45 
6 PFOSh 499 80 45 45 
7 9Cl-PF3ONS 531 351 55 25 
7 13C2-8:2FTS 529 509 53 28 
7 8:2FTS 527 507 53 28 
7 13C6-PFDA 519 474 22 10 
7 PFDA 513 469 22 10 
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Segmentb 
Analyte 

Precursor Ion c 
(m/z) 

Product Ionc,d 
(m/z) 

Cone Voltage 
(v) 

Collision Energye 
(v) 

8 13C7-PFUnA 570 525 24 10 
8 PFUnA 563 519 24 10 
8 11Cl-

PF3OUdS 
631 451 60 30 

8 13C2-PFDoA 615 570 22 10 
8 PFDoA 613 569 22 10 

a. An LC-MS/MS chromatogram of the analytes obtained using these parameters is shown in Figure 1. 
b. Segments are time durations in which single or multiple scan events occur. 
c. Precursor and product ions listed in this table are nominal masses. During MS and MS/MS 

optimization, the analyst should determine precursor and product ion masses to one decimal place 
by locating the apex of the mass spectral peak (e.g., m/z 498.9→79.9 for PFOS). These precursor and 
product ion masses (with at least one decimal place) should be used in the MS/MS method for all 
analyses. 

d. Ions used for quantitation purposes. 
e. Argon used as collision gas. 
f. HFPO-DA is not stable in the ESI source and the [M – H]– yields a weak signal under typical ESI 

conditions. The precursor ion used during method development was [M – CO2 – H]–. 
g. The isotope dilution analogue used during method development was composed of the linear isomer 

exclusively. 
h. Analyte has multiple resolved chromatographic peaks due to linear and branched isomers. All peaks 

summed for quantitation purposes. To reduce bias regarding detection of branched and linear 
isomers, the m/z 80 product ion must be used for this analyte. 
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Table 7. LCMRL Results 

Analyte LCMRL Fortification Levels (ng/L) Calculated LCMRL (ng/L) 
PFBA 1.0, 2.0, 4.0, 6.0, 10, 14, 20 13 
PFMPA  1.0, 2.0, 4.0, 6.0, 10, 14, 20 3.8 
PFPeA 1.0, 2.0, 4.0, 6.0, 10, 14, 20 3.9 
PFBS 1.0, 2.0, 4.0, 6.0, 10, 14, 20 3.5 
PFMBA 1.0, 2.0, 4.0, 6.0, 10, 14, 20 3.7 
PFEESA 1.0, 2.0, 4.0, 6.0, 10, 14, 20 2.6 
NFDHA 4.0, 6.0, 10, 14, 20, 41, 82 16 
4:2FTS 1.0, 2.0, 4.0, 6.0, 10, 14, 20 4.7 
PFHxA 1.0, 2.0, 4.0, 6.0, 10, 14, 20 5.3 
PFPeS 1.0, 2.0, 4.0, 6.0, 10, 14, 20 6.3 
HFPO-DA 1.0, 2.0, 4.0, 6.0, 10, 14, 20 3.7 
PFHpA 1.0, 2.0, 4.0, 6.0, 10, 14, 20 2.6 
PFHxS 1.0, 2.0, 4.0, 6.0, 10, 14, 20 3.7 
ADONA 1.0, 2.0, 4.0, 6.0, 10, 14, 20 3.4 
6:2FTS 1.0, 2.0, 4.0, 6.0, 10, 14, 20 14 
PFOA 1.0, 2.0, 4.0, 6.0, 10, 14, 20 3.4 
PFHpS 1.0, 2.0, 4.0, 6.0, 10, 14, 20 5.1 
PFNA 1.0, 2.0, 4.0, 6.0, 10, 14, 20 4.8 
PFOS 1.0, 2.0, 4.0, 6.0, 10, 14, 20 4.4 
9Cl-PF3ONS 1.0, 2.0, 4.0, 6.0, 10, 14, 20 1.4 
8:2FTS 1.0, 2.0, 4.0, 6.0, 10, 14, 20 9.1 
PFDA 1.0, 2.0, 4.0, 6.0, 10, 14, 20 2.3 
PFUnA 1.0, 2.0, 4.0, 6.0, 10, 14, 20 2.7 
11Cl-PF3OUdS 1.0, 2.0, 4.0, 6.0, 10, 14, 20 1.6 
PFDoA 1.0, 2.0, 4.0, 6.0, 10, 14, 20 2.2 
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Table 8. Precision and Accuracy Data for Reagent Water 

Analyte Low Fortification 
(ng/L) 

Mean %Ra 
(n=7) %RSDa High Fortification 

(ng/L) 
Mean %R 

(n=5) %RSD 

PFBA 10 128 8.6 80 98.4 2.4 
PFMPA  10 108 4.5 80 98.1 2.2 
PFPeA 10 107 4.9 80 99.6 3.6 
PFBS 10 102 9.1 80 96.2 2.9 
PFMBA 10 111 6.8 80 101 3.4 
PFEESA 10 107 10 80 98.8 4.0 
NFDHA 10 110 15 80 98.5 5.4 
4:2FTS 10 94.4 14 80 100 5.7 
PFHxA 10 102 8.0 80 97 7.7 
PFPeS 10 99.5 19 80 101 7.8 
HFPO-DA 10 102 9.7 80 102 4.7 
PFHpA 10 108 7.0 80 104 4.1 
PFHxS 10 103 9.0 80 97.7 5.5 
ADONA 10 96.3 3.1 80 96.8 5.6 
6:2FTS 10 109 15 80 111 11 
PFOA 10 108 7.4 80 98.5 6.9 
PFHpS 10 98.8 8.9 80 102 7.0 
PFNA 10 109 6.2 80 99.6 5.6 
PFOS 10 104 8.7 80 98.0 4.3 
9Cl-PF3ONS 10 99.7 4.6 80 103 6.8 
8:2FTS 10 100 17 80 100 13 
PFDA 10 100 4.2 80 100 1.8 
PFUnA 10 102 10 80 97.3 8.1 
11Cl-PF3OUdS 10 106 5.3 80 102 6.1 
PFDoA 10 101 6.2 80 96.3 5.1 

a. %R = percent recovery; %RSD = percent relative standard deviation  
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Table 9. P&A in Reagent Water: Isotope Dilution Analogue Recovery Dataa 

Analyte Analogue Fortification 
(ng/L) 

Mean %Rb,c 
(n=7) P&A Low %RSDb,c Mean %R 

(n=5) P&A High  %RSD 
13C4-PFBA 40 95.6 11 92.5 3.4 
13C5-PFPeA 40 93.4 9.3 91.7 4.6 
13C3-PFBS 40 98.6 9.6 107 6.6 
13C2-4:2FTS 160 102 6.7 108 3.5 
13C5-PFHxA 40 92.5 6.4 92.8 11 
13C3-HFPO-DA 40 88.6 6.5 88.8 7.4 
13C4-PFHpA 40 98.0 4.0 94.0 8.3 
13C3-PFHxS 40 101 11 106 8.2 
13C2-6:2FTS 160 109 9.5 99.8 4.7 
13C8-PFOA 40 98.0 4.1 91.5 8.7 
13C9-PFNA 40 97.1 4.9 92.1 8.4 
13C8-PFOS 40 98.8 6.5 96.5 5.0 
13C2-8:2FTS 160 106 13.9 108 8.7 
13C6-PFDA 40 104 7.7 104 6.1 
13C7-PFUnA 40 107 6.0 98.8 7.5 
13C2-PFDoA 40 100 5.7 94.0 6.7 

a. P&A = “precision and accuracy”. 
b. %R = percent recovery; %RSD = percent relative standard deviation. 
c. Mean and %RSD of the isotope dilution analogue results for the fortified samples in the P&A study; number of replicates given in the header 

row of the table.  
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Table 10. Precision and Accuracy Data for Finished Ground Watera 

Analyte Low Fortification 
(ng/L) 

Mean %Rb 
(n=5) %RSDb High Fortification 

(ng/L) 
Mean %R 

(n=5) %RSD 

PFBA 10 127 15 80 98.0 4.0 
PFMPA  10 100 8.3 80 103 9.8 
PFPeA 10 105 11 80 105 5.1 
PFBS 10 111 12 80 101 10 
PFMBA 10 99.0 4.6 80 100 2.3 
PFEESA 10 101 3.5 80 107 8.8 
NFDHA 10 95.1 17 80 98.5 18 
4:2FTS 10 70.5 20 80 116 9.2 
PFHxA 10 104 18 80 111 17 
PFPeS 10 87.5 5.0 80 106 6.2 
HFPO-DA 10 105 7.4 80 103 7.5 
PFHpA 10 102 6.8 80 101 6.4 
PFHxS 10 86.6 18 80 108 6.8 
ADONA 10 97.6 8.1 80 94.2 6.9 
6:2FTS 10 99.9 15 80 100 12 
PFOA 10 95.8 8.1 80 104 9.8 
PFHpS 10 94.0 6.3 80 113 6.0 
PFNA 10 95.1 7.2 80 108 3.3 
PFOS 10 c c 80 109 5.8 
9Cl-PF3ONS 10 92.7 7.2 80 111 7.9 
8:2FTS 10 108 19 80 102 3.2 
PFDA 10 90.8 9.8 80 104 7.1 
PFUnA 10 98.3 8.8 80 105 3.0 
11Cl-PF3OUdS 10 94.6 8.3 80 110 9.3 
PFDoA 10 92.7 7.8 80 102 6.3 

a. Finished water from a ground water source. Hardness = 320 mg/L as CaCO3. pH = 7.88 at 17 °C. Free Cl2 = 0.64 mg/L. Total Cl2 = 0.74 mg/L. 
b. %R = percent recovery, corrected for native concentration; %RSD = percent relative standard deviation. 
c. The spike level was below the ambient PFOS concentration of 25 ng/L. 
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Table 11. P&A in Finished Ground Water: Isotope Dilution Analogue Recovery Dataa 

Analyte Analogue Fortification 
(ng/L) 

Mean %Rb,c 
(n=6) P&A Low %RSDb,c 

Mean %R 
(n=6) P&A High %RSD 

13C4-PFBA 40 89.5 4.4 81.3 7.8 
13C5-PFPeA 40 94.0 4.2 84.6 7.7 
13C3-PFBS 40 103 1.7 93.6 8.5 
13C2-4:2FTS 160 107 6.1 105 2.6 
13C5-PFHxA 40 93.8 9.8 75.8 16 
13C3-HFPO-DA 40 77.8 8.5 72.0 9.8 
13C4-PFHpA 40 90.5 8.4 83.3 10 
13C3-PFHxS 40 101 7.8 94.7 6.4 
13C2-6:2FTS 160 101 5.2 101 4.5 
13C8-PFOA 40 89.5 5.7 82.8 10 
13C9-PFNA 40 103 6.6 78.0 11 
13C8-PFOS 40 101 7.6 89.7 4.5 
13C2-8:2FTS 160 97.2 7.4 94.0 8.0 
13C6-PFDA 40 98.7 6.3 82.3 15 
13C7-PFUnA 40 102 4.3 82.6 8.0 
13C2-PFDoA 40 98.8 4.6 81.2 10 

a. P&A = “precision and accuracy”. 
b. %R = percent recovery; %RSD = percent relative standard deviation. 
c. Mean and %RSD of the isotope dilution analogue results for the unfortified matrix sample and the fortified samples in the P&A study; 

number of replicates given in the header row of the table.  
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Table 12. Precision and Accuracy Data for a Surface Water Matrixa 

Analyte Low Fortification 
(ng/L) 

Mean %Rb,c 
(n=5) %RSDb High Fortification 

(ng/L) 
Mean %R 

(n=5) %RSD 

PFBA 10 95.4 19 80 106 4.8 
PFMPA  10 108 16 80 102 5.9 
PFPeA 10 93 13 80 101 6.0 
PFBS 10 111 17 80 98.3 2.7 
PFMBA 10 93.0 12 80 103 3.0 
PFEESA 10 95.6 15 80 99.1 2.4 
NFDHA 10 102 14 80 101 2.5 
4:2FTS 10 70.9 17 80 91.1 7.8 
PFHxA 10 96.9 19 80 103 4.2 
PFPeS 10 87.5 14 80 104 4.9 
HFPO-DA 10 109 8.7 80 105 7.0 
PFHpA 10 95.9 11 80 105 4.8 
PFHxS 10 78.5 8.2 80 97.1 5.3 
ADONA 10 94.3 7.9 80 95.8 6.0 
6:2FTS 10 86.5 6.3 80 101 9.7 
PFOA 10 91.9 9.8 80 98.7 4.9 
PFHpS 10 88.4 14 80 106 3.4 
PFNA 10 89.7 9.5 80 95.9 2.8 
PFOS 10 95.1 11 80 105 8.0 
9Cl-PF3ONS 10 82.4 5.0 80 94.1 3.9 
8:2FTS 10 102 7.6 80 101 4.0 
PFDA 10 87.3 12 80 98.5 8.0 
PFUnA 10 96.9 5.4 80 95.2 2.7 
11Cl-PF3OUdS 10 82.4 8.9 80 93.0 4.4 
PFDoA 10 94.6 2.3 80 98.4 4.1 

a. Surface water matrix was sampled after the clarifier and prior to granular activated carbon within the drinking water treatment plant and 
chlorinated in our laboratory. pH = 8.1 at 20 °C. Free Cl2 = 0.98 mg/L. Total Cl2 = 1.31 mg/L. Total Organic Carbon (TOC) = 3.8 mg/L C. 

b. %R = percent recovery; %RSD = percent relative standard deviation. 
c. Corrected for native concentration.  
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Table 13. P&A in Surface Water Matrix: Isotope Dilution Analogue Recovery Dataa 

Analyte Analogue Fortification 
(ng/L) 

Mean %Rb,c 
(n=6) P&A Low %RSDb,c 

Mean %R 
(n=6) P&A High %RSD 

13C4-PFBA 40 86.9 18 86.3 6.5 
13C5-PFPeA 40 105 15 102 5.7 
13C3-PFBS 40 98.6 11 99.8 4.5 
13C2-4:2FTS 160 136 13 138 6.3 
13C5-PFHxA 40 88.8 16 84.8 4.5 
13C3-HFPO-DA 40 78.4 14 75.4 13 
13C4-PFHpA 40 91.6 12 89.3 6.0 
13C3-PFHxS 40 98.2 6.5 96.0 9.6 
13C2-6:2FTS 160 110 9.7 109 8.4 
13C8-PFOA 40 90.1 14 86.6 4.5 
13C9-PFNA 40 91.0 14 87.2 6.0 
13C8-PFOS 40 98.8 15 95.6 5.0 
13C2-8:2FTS 160 101 9.8 97.3 11 
13C6-PFDA 40 92.0 16 86.6 10 
13C7-PFUnA 40 92.2 16 90.0 5.6 
13C2-PFDoA 40 91.2 14 90.8 10 

a. P&A = “precision and accuracy”. 
b. %R = percent recovery; %RSD = percent relative standard deviation. 
c. Mean and %RSD of the isotope dilution analogue results for the unfortified matrix sample and the fortified samples in the P&A study; 

number of replicates given in the header row of the table.  
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Table 14. Aqueous Sample Holding Time Dataa 

Analyte Fortified 
Conc. (ng/L) 

Day Zero 
Mean 
(ng/L) 

Day 
Zero 

%RSD 

Day 7 
%Changeb 

Day 7 
%RSD 

Day 14 
%Change 

Day 14 
%RSD 

Day 21 
%Change 

Day 21 
%RSD 

Day 28 
%Change 

Day 28 
%RSD 

PFBA 40 42 4.6 9.1 2.3 3.1 7.2 5.1 5.4 4.2 5.0 
PFMPA  40 41 5.2 5.5 2.2 -7.8 5.1 1.0 6.3 -10 3.1 
PFPeA 40 43 4.1 1.2 1.9 -2.2 6.5 -0.29 2.5 -6.5 5.8 
PFBS 40 43 9.7 -1.9 3.6 -6.1 1.8 -4.0 2.5 -7.6 8.9 
PFMBA 40 40 3.0 -2.5 3.7 -5.7 4.3 0.20 5.0 -6.6 6.3 
PFEESA 40 39 3.2 2.6 5.7 -1.8 6.7 -2.4 4.5 -1.7 2.6 
NFDHA 40 39 6.5 -4.0 7.2 -11 6.9 -3.8 5.2 -2.9 8.0 
4:2FTS 40 43 9.7 -1.7 3.8 -2.6 9.6 -2.0 6.1 -0.34 5.3 
PFHxA 40 42 5.2 -0.37 4.6 -2.61 5.6 -1.7 5.8 -2.3 7.6 
PFPeS 40 41 3.2 5.6 7.5 -3.1 2.6 6.0 9.2 -11 9.4 
HFPO-DA 40 42 5.1 6.2 4.8 3.2 9.2 2.1 2.1 -3.5 4.2 
PFHpA 40 41 4.6 -0.042 2.4 -4.7 1.7 -2.9 3.6 -3.0 5.4 
PFHxS 40 41 4.3 1.8 3.0 -1.8 1.8 -1.8 9.0 -0.99 6.8 
ADONA 40 39 4.2 -4.3 3.1 -12 5.7 -6.2 5.9 -2.3 3.1 
6:2FTS 40 41 7.5 -4.3 4.4 -0.74 9.4 2.5 6.0 -1.5 6.0 
PFOA 40 41 5.4 -1.5 6.7 1.6 5.1 -2.0 4.9 -6.5 7.2 
PFHpS 40 41 4.7 -2.4 5.4 1.2 3.1 0.30 3.2 2.9 7.2 
PFNA 40 42 4.1 2.05 0.57 -6.0 4.9 -6.1 3.4 -9.5 3.4 
PFOS 40 41 7.0 -2.1 4.7 -1.8 5.2 1.0 5.8 -1.6 5.3 
9Cl-PF3ONS 40 40 3.5 1.6 4.8 -0.34 1.8 4.0 4.8 -2.6 10 
8:2FTS 40 44 7.9 -0.36 2.5 -1.4 6.7 0.026 3.8 -3.6 6.9 
PFDA 40 41 5.0 0.12 3.1 -2.7 3.8 -1.4 3.8 -2.4 7.0 
PFUnA 40 39 3.9 -1.3 4.7 -12 1.2 3.7 3.1 -6.7 3.5 
11Cl-PF3OUdS 40 40 4.9 -1.1 4.5 -9.4 5.1 -11.0 4.7 -12 7.3 
PFDoA 40 39 4.4 9.5 6.5 -4.8 6.0 -3.4 5.8 -16 6.1 

a. Finished water from a surface water source. pH = 8.84 at 18 °C; total organic carbon (TOC) = 0.75 mg/L C (mean of 2019 first quarter plant records); free 
chlorine = 0.87 mg/L, total chlorine = 1.04 mg/L. Day Zero: n=7. All other events: n=5. 

b. %Change = percent change from Day Zero calculated as follows: (Day X mean concentration – Day Zero mean concentration) / Day Zero mean 
concentration * 100%, where X is the analysis day.  
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Table 15. Extract Holding Time Dataa 

Analyte 
Fortified Conc. (ng/L) 

Day Zero 
Mean 
(ng/L) 

Day Zero %RSD Day 14 
%Changeb Day 14 %RSD Day 21 

%Change Day 21 %RSD Day 27 
%Change Day 27 %RSD 

PFBA 40 42 4.6 -8.0 4.2 -4.4 0.89 -12 6.4 
PFMPA  40 41 5.2 -3.9 4.5 -0.10 5.1 -3.9 12 
PFPeA 40 43 4.1 -6.0 6.0 -0.55 4.8 -5.4 1.1 
PFBS 40 43 9.7 2.6 2.0 6.6 2.3 2.9 3.6 
PFMBA 40 40 3.0 -10 7.1 -4.8 5.3 -8.8 2.7 
PFEESA 40 39 3.2 1.3 8.9 -3.6 2.1 -4.9 3.6 
NFDHA 40 39 6.5 -10 3.9 -13 6.8 -11 3.1 
4:2FTS 40 43 9.7 -4.7 8.5 -6.2 8.8 -7.3 8.5 
PFHxA 40 42 5.2 -4.6 6.3 -20 3.0 -14 4.7 
PFPeS 40 41 3.2 -6.7 8.6 -11 5.2 -10 4.5 
HFPO-DA 40 42 5.1 -4.9 4.9 -4.7 5.1 -4.4 7.7 
PFHpA 40 41 4.6 -1.9 1.9 -6.1 4.8 -8.7 7.8 
PFHxS 40 41 4.3 -19 9.9 -21 8.4 -22 11 
ADONA 40 39 4.2 -1.2 1.9 -7.8 6.4 -7.5 5.0 
6:2FTS 40 41 7.5 -5.3 13 -7.6 5.8 -8.4 14 
PFOA 40 41 5.4 -5.7 6.3 -2.2 4.2 -2.4 3.3 
PFHpS 40 41 4.7 -8.7 7.3 -6.0 5.2 -3.2 4.2 
PFNA 40 42 4.1 -5.8 5.6 0.17 3.2 -2.0 6.0 
PFOS 40 41 7.0 -3.8 10 -4.2 2.5 -3.7 4.4 
9Cl-PF3ONS 40 40 3.5 -5.8 7.7 -9.3 4.0 -8.6 4.7 
8:2FTS 40 44 7.9 -4.7 6.3 -1.3 5.8 -6.4 2.9 
PFDA 40 41 5.0 -3.7 5.3 -1.8 5.6 -4.8 3.1 
PFUnA 40 39 3.9 6.2 4.0 0.63 7.5 -2.8 5.2 
11Cl-PF3OUdS 40 40 4.9 -12 5.9 -18 4.6 -10 6.3 
PFDoA 40 39 4.4 1.9 5.5 1.0 6.4 -2.6 3.3 

a. Finished water from a surface water source. pH = 8.84 at 18 °C; total organic carbon (TOC) = approximately 0.75 mg/L C (2019 first quarter plant records); 
free chlorine = 0.87 mg/L, total chlorine = 1.04 mg/L. Day Zero: n=7. All other events: n=7. 

b. %Change = percent change from Day Zero calculated as follows: (Day X mean concentration – Day Zero mean concentration) / Day Zero mean 
concentration * 100%, where X is the analysis day.  
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Table 16. Initial Demonstration of Capability (IDC) Quality Control Requirements 

Method 
Reference 

Requirement Specification and Frequency Acceptance Criteria 

Section 10.2.2 Establish retention times 
for branched isomers Each time chromatographic conditions change All isomers of each analyte must 

elute within the same MRM window. 
Section 9.1.1 Demonstration of low 

system background 
Analyze a Laboratory Reagent Blank (LRB) after the highest 
standard in the calibration range. 

Demonstrate that the method 
analytes are less than one-third of 
the Minimum Reporting Level (MRL). 

Section 9.1.2 Demonstration of precision Extract and analyze 7 replicate Laboratory Fortified Blanks (LFBs) 
near the mid-range concentration. 

Percent relative standard deviation 
must be ≤20%. 

Section 9.1.3 Demonstration of accuracy Calculate mean recovery for replicates used in Section 9.1.2. Mean recovery within 70–130% of 
the true value. 

Section 9.1.4 MRL confirmation Fortify and analyze 7 replicate LFBs at the proposed MRL 
concentration. Confirm that the Upper Prediction Interval of 
Results (PIR) and Lower PIR meet the recovery criteria. 

Upper PIR ≤150% 
 
Lower PIR ≥50% 

Section 9.1.5 Calibration Verification Analyze mid-level QCS. Results must be within 70–130% of 
the true value. 

 

Table 17. Ongoing Quality Control Requirements 

Method 
Reference 

Requirement Specification and Frequency Acceptance Criteria 

Section 
10.3 

Initial calibration Use the isotope dilution calibration technique to 
generate a linear or quadratic calibration curve. Use at 
least 5 standard concentrations. Evaluate the 
calibration curve as described in Section 10.3.5. 

When each calibration standard is calculated as an 
unknown using the calibration curve, analytes fortified at 
or below the MRL should be within 50–150% of the true 
value. Analytes fortified at all other levels should be 
within 70–130% of the true value. 

Section 
9.2.1 

Laboratory Reagent 
Blank (LRB) 

Include one LRB with each Extraction Batch. Analyze 
one LRB with each Analysis Batch. 

Demonstrate that all method analytes are below one-
third the Minimum Reporting Level (MRL), and that 
possible interference from reagents and glassware do 
not prevent identification and quantitation of method 
analytes. 
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Method 
Reference 

Requirement Specification and Frequency Acceptance Criteria 

Section 
9.2.3 

Laboratory Fortified 
Blank 

Include one LFB with each Extraction Batch. For analytes fortified at concentrations ≤2 x the MRL, 
the result must be within 50–150% of the true value; 70–
130% of the true value if fortified at concentrations 
greater than 2 x the MRL. 

Section 
10.4 

Continuing Calibration 
Check (CCC) 

Verify initial calibration by analyzing a low-level CCC 
(concentrations at or below the MRL for each analyte) 
at the beginning of each Analysis Batch. Subsequent 
CCCs are required after every tenth field sample and 
to complete the batch. 

The lowest level CCC must be within 50–150% of the 
true value. All other levels must be within 70–130% of 
the true value. 

Section 
9.2.4 

Isotope performance 
standards 

Isotope performance standards are added to all 
standards and sample extracts. 

Peak area counts for each isotope performance standard 
must be within 50–150% of the average peak area in the 
initial calibration. 

Section 
9.2.5 

Isotope dilution 
analogues 

Isotope dilution analogues are added to all samples 
prior to extraction. 

50%–200% recovery for each analogue 

Section 
9.2.6 

Laboratory Fortified 
Sample Matrix (LFSM) 

Include one LFSM per Extraction Batch. Fortify the 
LFSM with method analytes at a concentration close 
to but greater than the native concentrations (if 
known). 

For analytes fortified at concentrations ≤2 x the MRL, 
the result must be within 50–150% of the true value; 70–
130% of the true value if fortified at concentrations 
greater than 2 x the MRL. 

Section 
9.2.7 

Laboratory Fortified 
Sample Matrix Duplicate 
(LFSMD) or Field 
Duplicate (FD) 

Include at least one LFSMD or FD with each Extraction 
Batch. 

For LFSMDs or FDs, relative percent differences must be 
≤30% (≤50% if analyte concentration ≤2 x the MRL). 

Section 
9.2.8 

Field Reagent Blank 
(FRB) 

Analyze the FRB if any analyte is detected in the 
associated field samples. 

If an analyte detected in the field sample is present in 
the associated FRB at greater than one-third the MRL, 
the results for that analyte are invalid. 

Section 
9.2.9 

Calibration Verification 
using QCS 

Perform a Calibration Verification at least quarterly. Results must be within 70–130% of the true value. 
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Figure 1. Example Chromatogram for Reagent Water Fortified with Method Analytes at 80 ng/La 

 

 
a. Numbered peaks are identified in Table 3, Table 4, and Table 5. 
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METHOD 537.1 

DETERMINATION OF SELECTED PER- AND POLYFLUORINATED ALKYL 
SUBSTANCES IN DRINKING WATER BY SOLID PHASE EXTRACTION AND 

LIQUID CHROMATOGRAPHY/TANDEM MASS SPECTROMETRY (LC/MS/MS) 

1. SCOPE AND APPLICATION

1.1. This is a solid phase extraction (SPE) liquid chromatography/tandem mass
spectrometry (LC/MS/MS) method for the determination of selected per- and 
polyfluorinated alkyl substances (PFAS) in drinking water. Accuracy and precision 
data have been generated in reagent water and drinking water for the compounds listed 
in the table below. 

Analytea Acronym 
Chemical Abstract Services 
Registry Number (CASRN) 

Hexafluoropropylene oxide dimer acid HFPO-DA 13252-13-6b 
N-ethyl perfluorooctanesulfonamidoacetic acid NEtFOSAA 2991-50-6 
N-methyl perfluorooctanesulfonamidoacetic acid NMeFOSAA 2355-31-9 
Perfluorobutanesulfonic acid PFBS 375-73-5
Perfluorodecanoic acid PFDA 335-76-2
Perfluorododecanoic acid PFDoA 307-55-1
Perfluoroheptanoic acid PFHpA 375-85-9
Perfluorohexanesulfonic acid PFHxS 355-46-4
Perfluorohexanoic acid PFHxA 307-24-4
Perfluorononanoic acid PFNA 375-95-1
Perfluorooctanesulfonic acid PFOS 1763-23-1
Perfluorooctanoic acid PFOA 335-67-1
Perfluorotetradecanoic acid PFTA 376-06-7
Perfluorotridecanoic acid PFTrDA 72629-94-8 
Perfluoroundecanoic acid PFUnA 2058-94-8 
11-chloroeicosafluoro-3-oxaundecane-1-sulfonic
acid 11Cl-PF3OUdS 763051-92-9c  

9-chlorohexadecafluoro-3-oxanonane-1-sulfonic acid 9Cl-PF3ONS 
4,8-dioxa-3H-perfluorononanoic acid ADONA 

756426-58-1d 
919005-14-4e 

a Some PFAS are commercially available as ammonium, sodium and potassium salts. This method measures all forms 
of the analytes as anions while the counterion is inconsequential. Analytes may be purchased as acids or as any of the 
corresponding salts (see Section 7.2.3 regarding correcting the analyte concentration for the salt content).  

b HFPO-DA and the ammonium salt of HFPO-DA are components of the GenX processing aid technology and both 
are measured as the anion of HFPO-DA by this method. 

c 11Cl-PF3OUdS is available in salt form (e.g. CASRN of potassium salt is 83329-89-9). 
d 9Cl-PF3ONS analyte is available in salt form (e.g. CASRN of potassium salt is 73606-19-6) 
e ADONA is available as the sodium salt (no CASRN) and the ammonium salt (CASRN is 958445-44-8). 

http://www.sigmaaldrich.com/catalog/search/SearchResultsPage?Query=72629-94-8&Scope=CASSearch&btnSearch.x=1
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1.2. Minimum Reporting Level (MRL) is the lowest analyte concentration that meets Data 
Quality Objectives (DQOs) that are developed based on the intended use of this 
method. The single laboratory lowest concentration MRL (LCMRL) is the lowest true 
concentration for which the future recovery is predicted to fall, with high confidence 
(99%), between 50 and 150% recovery. Single laboratory LCMRLs for analytes in this 
method range from 0.53-6.3 ng/L and are listed in Table 5. The procedure used to 
determine the LCMRL is described elsewhere.1 
 

1.3. Laboratories using this method will not be required to determine the LCMRL for this 
method, but will need to demonstrate that their laboratory MRL for this method meets 
requirements described in Section 9.2.6. 

 
1.4. Determining the Detection Limit (DL) for analytes in this method is optional 

(Sect. 9.2.8). Detection limit is defined as the statistically calculated minimum 
concentration that can be measured with 99% confidence that the reported value is 
greater than zero.2 The DL is compound dependent and is dependent on extraction 
efficiency, sample matrix, fortification concentration, and instrument performance. 

 
1.5. This method is intended for use by analysts skilled in solid phase extractions, the 

operation of LC/MS/MS instruments, and the interpretation of the associated data. 
 

1.6. METHOD FLEXIBILITY – In recognition of technological advances in analytical 
systems and techniques, the laboratory is permitted to modify the evaporation 
technique, separation technique, LC column, mobile phase composition, LC conditions 
and MS and MS/MS conditions (Sect. 6.12, 9.1.1, 10.2, and 12.1). Changes may not 
be made to sample collection and preservation (Sect. 8), the sample extraction 
steps (Sect. 11.4), or to the quality control requirements (Sect. 9). Method 
modifications should be considered only to improve method performance. 
Modifications that are introduced in the interest of reducing cost or sample processing 
time, but result in poorer method performance, should not be used. Analytes must be 
adequately resolved chromatographically to permit the mass spectrometer to dwell on 
a minimum number of compounds eluting within a retention time window. 
Instrumental sensitivity (or signal-to-noise) will decrease if too many compounds are 
permitted to elute within a retention time window. In all cases where method 
modifications are proposed, the analyst must perform the procedures outlined in the 
initial demonstration of capability (IDC, Sect. 9.2), verify that all Quality Control 
(QC) acceptance criteria in this method (Sect. 9) are met, and that acceptable method 
performance can be verified in a real sample matrix (Sect. 9.3.6).  

 
NOTE: The above method flexibility Section is intended as an abbreviated summation of 

method flexibility. Sections 4-12 provide detailed information of specific portions of 
the method that may be modified. If there is any perceived conflict between the 
general method flexibility statement in Section 1.6 and specific information in 
Sections 4-12, Sections 4-12 supersede Section 1.6. 
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2. SUMMARY OF METHOD 
 

A 250-mL water sample is fortified with surrogates and passed through an SPE cartridge 
containing polystyrenedivinylbenzene (SDVB) to extract the method analytes and surrogates. 
The compounds are eluted from the solid phase sorbent with a small amount of methanol. 
The extract is concentrated to dryness with nitrogen in a heated water bath, and then adjusted 
to a 1-mL volume with 96:4% (vol/vol) methanol:water and addition of the internal 
standards. A 10-µL injection is made into an LC equipped with a C18 column that is 
interfaced to an MS/MS. The analytes are separated and identified by comparing the acquired 
mass spectra and retention times to reference spectra and retention times for calibration 
standards acquired under identical LC/MS/MS conditions. The concentration of each analyte 
is determined by using the internal standard technique. Surrogate analytes are added to all 
Field and QC Samples to monitor the extraction efficiency of the method analytes. 

 
3. DEFINITIONS 

 
3.1. ANALYSIS BATCH – A set of samples that is analyzed on the same instrument 

during a 24-hour period, including no more than 20 Field Samples, that begins and 
ends with the analysis of the appropriate Continuing Calibration Check (CCC) 
standards. Additional CCCs may be required depending on the length of the analysis 
batch and/or the number of Field Samples. 
 

3.2. CALIBRATION STANDARD (CAL) – A solution prepared from the primary dilution 
standard solution and/or stock standard solution, internal standard(s), and the 
surrogate(s). The CAL solutions are used to calibrate the instrument response with 
respect to analyte concentration. 
 

3.3. COLLISIONALLY ACTIVATED DISSOCIATION (CAD) – The process of 
converting the precursor ion’s translational energy into internal energy by collisions 
with neutral gas molecules to bring about dissociation into product ions. 
 

3.4. CONTINUING CALIBRATION CHECK (CCC) – A calibration standard containing 
the method analytes, internal standard(s) and surrogate(s). The CCC is analyzed 
periodically to verify the accuracy of the existing calibration for those analytes. 
 

3.5. DETECTION LIMIT (DL) – The minimum concentration of an analyte that can be 
identified, measured, and reported with 99% confidence that the analyte concentration 
is greater than zero. This is a statistical determination of precision (Sect. 9.2.8), and 
accurate quantitation is not expected at this level.2 
 

3.6. EXTRACTION BATCH – A set of up to 20 Field Samples (not including QC 
samples) extracted together by the same person(s) during a work day using the same 
lot of SPE devices, solvents, surrogate, internal standard and fortifying solutions. 
Required QC samples include Laboratory Reagent Blank, Laboratory Fortified Blank, 
Laboratory Fortified Sample Matrix, and either a Field Duplicate or Laboratory 
Fortified Sample Matrix Duplicate. 
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3.7. FIELD DUPLICATES (FD1 and FD2) – Two separate samples collected at the same 

time and place under identical circumstances and treated exactly the same throughout 
field and laboratory procedures. Analyses of FD1 and FD2 give a measure of the 
precision associated with sample collection, preservation, and storage, as well as 
laboratory procedures. 
 

3.8. FIELD REAGENT BLANK (FRB) – An aliquot of reagent water that is placed in a 
sample container in the laboratory and treated as a sample in all respects, including 
shipment to the sampling site, exposure to sampling site conditions, storage, 
preservation, and all analytical procedures. The purpose of the FRB is to determine if 
method analytes or other interferences are present in the field environment. 
 

3.9. INTERNAL STANDARD (IS) – A pure chemical added to an extract or standard 
solution in a known amount(s) and used to measure the relative response of other 
method analytes and surrogates that are components of the same solution. The internal 
standard must be a chemical that is structurally similar to the method analytes, has no 
potential to be present in water samples, and is not a method analyte. 
 

3.10. LABORATORY FORTIFIED BLANK (LFB) – A volume of reagent water or other 
blank matrix to which known quantities of the method analytes and all the preservation 
compounds are added in the laboratory. The LFB is analyzed exactly like a sample, 
and its purpose is to determine whether the methodology is in control, and whether the 
laboratory is capable of making accurate and precise measurements. 
 

3.11. LABORATORY FORTIFIED SAMPLE MATRIX (LFSM) – A preserved field 
sample to which known quantities of the method analytes are added in the laboratory. 
The LFSM is processed and analyzed exactly like a sample, and its purpose is to 
determine whether the sample matrix contributes bias to the analytical results. The 
background concentrations of the analytes in the sample matrix must be determined in 
a separate sample extraction and the measured values in the LFSM corrected for 
background concentrations. 
 

3.12. LABORATORY FORTIFIED SAMPLE MATRIX DUPLICATE (LFSMD) – A 
duplicate of the Field Sample used to prepare the LFSM. The LFSMD is fortified, 
extracted, and analyzed identically to the LFSM. The LFSMD is used instead of the 
Field Duplicate to assess method precision when the occurrence of method analytes is 
low.  
 

3.13. LABORATORY REAGENT BLANK (LRB) – An aliquot of reagent water or other 
blank matrix that is treated exactly as a sample including exposure to all glassware, 
equipment, solvents and reagents, sample preservatives, internal standard, and 
surrogates that are used in the analysis batch. The LRB is used to determine if method 
analytes or other interferences are present in the laboratory environment, the reagents, 
or the apparatus. 
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3.14. LOWEST CONCENTRATION MINIMUM REPORTING LEVEL (LCMRL) – The 
single laboratory LCMRL is the lowest true concentration for which a future recovery 
is expected, with 99% confidence, to be between 50 and 150% recovery.1 
 

3.15. MINIMUM REPORTING LEVEL (MRL) – The minimum concentration that can be 
reported as a quantitated value for a method analyte in a sample following analysis. 
This defined concentration can be no lower than the concentration of the lowest 
calibration standard for that analyte and can only be used if acceptable QC criteria for 
this standard are met. A procedure for verifying a laboratory’s MRL is provided in 
Section 9.2.6. 
 

3.16. PRECURSOR ION – For the purpose of this method, the precursor ion is the 
deprotonated molecule ([M-H]-) of the method analyte. In MS/MS, the precursor ion 
is mass selected and fragmented by collisionally activated dissociation to produce 
distinctive product ions of smaller m/z. 
 

3.17. PRIMARY DILUTION STANDARD (PDS) SOLUTION – A solution containing the 
analytes prepared in the laboratory from stock standard solutions and diluted as needed 
to prepare calibration solutions and other needed analyte solutions. 
 

3.18. PRODUCT ION – For the purpose of this method, a product ion is one of the fragment 
ions produced in MS/MS by collisionally activated dissociation of the precursor ion. 
 

3.19. QUALITATIVE STANDARD – A qualitative standard is a standard for which either 
the concentration is estimated or method analyte impurities exist at a concentration 
>1/3 of the MRL in the highest concentration calibration standard. For the purposes of 
this method, qualitative standards are used to identify retention times of branched 
isomers of method analytes and are not used for quantitation purposes. 
 

3.20. QUALITY CONTROL SAMPLE (QCS) – A solution of method analytes of known 
concentrations that is obtained from a source external to the laboratory and different 
from the source of calibration standards. The second source SSS is used to fortify the 
QCS at a known concentration. The QCS is used to check calibration standard 
integrity. 
 

3.21. QUANTITATIVE STANDARD – A quantitative standard is a standard of known 
concentration and purity. The quantitative standard must not contain any of the method 
analytes as impurities at concentrations >1/3 of the MRL in the highest concentration 
calibration standard. 
 

3.22. SAFETY DATA SHEET (SDS) – Written information provided by vendors 
concerning a chemical’s toxicity, health hazards, physical properties, fire, and 
reactivity data including storage, spill, and handling precautions. 
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3.23. STOCK STANDARD SOLUTION (SSS) – A concentrated solution containing one or 
more method analytes prepared in the laboratory using assayed reference materials or 
purchased from a reputable commercial source. 
 

3.24. SURROGATE ANALYTE (SUR) – A pure chemical which chemically resembles 
method analytes and is extremely unlikely to be found in any sample. This chemical is 
added to a sample aliquot in known amount(s) before processing and is measured with 
the same procedures used to measure other method analytes. The purpose of the SUR 
is to monitor method performance with each sample. 

 
4. INTERFERENCES 
 

4.1. All glassware must be meticulously cleaned. Wash glassware with detergent and tap 
water, rinse with tap water, followed by a reagent water rinse. Non-volumetric 
glassware can be heated in a muffle furnace at 400 °C for 2 h or solvent rinsed. 
Volumetric glassware should be solvent rinsed and not be heated in an oven above 
120 °C. Store clean glassware inverted or capped. Do not cover with aluminum foil 
because PFAS can be potentially transferred from the aluminum foil to the 
glassware. 

 
NOTE: Samples and extracts should not come in contact with any glass containers or 

pipettes as these analytes can potentially adsorb to glass surfaces. PFAS 
analyte, IS and SUR standards commercially purchased in glass ampoules are 
acceptable; however, all subsequent transfers or dilutions performed by the 
analyst must be prepared and stored in polypropylene containers. 

 
4.2. Method interferences may be caused by contaminants in solvents, reagents (including 

reagent water), sample bottles and caps, and other sample processing hardware that 
lead to discrete artifacts and/or elevated baselines in the chromatograms. The analytes 
in this method can also be found in many common laboratory supplies and equipment, 
such as PTFE (polytetrafluoroethylene) products, LC solvent lines, methanol, 
aluminum foil, SPE sample transfer lines, etc.3 All items such as these must be 
routinely demonstrated to be free from interferences (less than 1/3 the MRL for each 
method analyte) under the conditions of the analysis by analyzing laboratory reagent 
blanks as described in Section 9.3.1. Subtracting blank values from sample results 
is not permitted. 

 
4.3. Matrix interferences may be caused by contaminants that are co-extracted from the 

sample. The extent of matrix interferences will vary considerably from source to 
source, depending upon the nature of the water. Humic and/or fulvic material can be 
co-extracted during SPE and high levels can cause enhancement and/or suppression in 
the electrospray ionization source or low recoveries on the SPE sorbent.4-5 Total 
organic carbon (TOC) is a good indicator of humic content of the sample. Under the 
LC conditions used during method development, matrix effects due to total organic 
carbon (TOC) were not observed. 
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4.4. Relatively large quantities of the preservative (Sect. 8.1.2) are added to sample bottles. 
The potential exists for trace-level organic contaminants in these reagents. Interfer-
ences from these sources should be monitored by analysis of laboratory reagent blanks 
(Sect. 9.3.1), particularly when new lots of reagents are acquired. 

 
4.5. SPE cartridges can be a source of interferences. The analysis of field and laboratory 

reagent blanks can provide important information regarding the presence or absence of 
such interferences. Brands and lots of SPE devices should be tested to ensure that 
contamination does not preclude analyte identification and quantitation. 

 
5. SAFETY 
 

5.1. The toxicity or carcinogenicity of each reagent used in this method has not been 
precisely defined. Each chemical should be treated as a potential health hazard, and 
exposure to these chemicals should be minimized. Each laboratory is responsible for 
maintaining an awareness of OSHA regulations regarding safe handling of chemicals 
used in this method. A reference file of SDSs should be made available to all 
personnel involved in the chemical analysis. Additional references to laboratory safety 
are available.6-8 

 
5.2. PFOA has been described as likely to be carcinogenic to humans.9 Pure standard 

materials and stock standard solutions of these method analytes should be handled 
with suitable protection to skin and eyes, and care should be taken not to breathe the 
vapors or ingest the materials. 

 
6. EQUIPMENT AND SUPPLIES  

(Brand names and/or catalog numbers are included for illustration only, and do not imply 
endorsement of the product.) Due to potential adsorption of analytes onto glass, 
polypropylene containers were used for all standard, sample and extraction preparations. 
Other plastic materials (e.g., polyethylene) which meet the QC requirements of Section 9 
may be substituted. 
6.1. SAMPLE CONTAINERS – 250-mL polypropylene bottles fitted with polypropylene 

screw caps. 
 

6.2. POLYPROPYLENE BOTTLES – 4-mL narrow-mouth polypropylene bottles (VWR 
Cat. No.: 16066-960 or equivalent). 

 
6.3. CENTRIFUGE TUBES – 15-mL conical polypropylene tubes with polypropylene 

screw caps for storing standard solutions and for collection of the extracts (Thomas 
Scientific Cat. No.: 2602A10 or equivalent). 

 
6.4. AUTOSAMPLER VIALS – Polypropylene 0.4-mL autosampler vials (ThermoFisher 

Cat. No.: C4000-11) with polypropylene caps (ThermoFisher Cat. No.: C5000-50 or 
equivalent). 
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 NOTE: Polypropylene vials and caps are necessary to prevent contamination of 
the sample from PTFE coated septa. However, polypropylene caps do not 
reseal, so evaporation occurs after injection. Thus, multiple injections 
from the same vial are not possible.  

 
6.5. POLYPROPYLENE GRADUATED CYLINDERS – Suggested sizes include 25, 50, 

100 and 1000-mL cylinders. 
 

6.6. MICRO SYRINGES – Suggested sizes include 5, 10, 25, 50, 100, 250, 500 and 
1000-µL syringes.  

 
6.7. PLASTIC PIPETS – Polypropylene or polyethylene disposable pipets (Fisher Cat. 

No.: 13-711-7 or equivalent).  
 

6.8. ANALYTICAL BALANCE – Capable of weighing to the nearest 0.0001 g. 
 

6.9. SOLID PHASE EXTRACTION (SPE) APPARATUS FOR USING CARTRIDGES 
 

6.9.1. SPE CARTRIDGES – 0.5 g, 6-mL SPE cartridges containing styrenedivinyl-
benzene (SDVB) polymeric sorbent phase (Agilent Cat. No.: 1225-5021 or 
equivalent). The sorbent may not be modified with monomers other than SDVB. 

 
6.9.2. VACUUM EXTRACTION MANIFOLD – A manual vacuum manifold with 

Visiprep large volume sampler (Supelco Cat. No. 57030 and 57275 or 
equivalent) for cartridge extractions, or an automatic/robotic sample preparation 
system designed for use with SPE cartridges, may be used if all QC requirements 
discussed in Section 9 are met. Extraction and/or elution steps may not be 
changed or omitted to accommodate the use of an automated system. Care must 
be taken with automated SPE systems to ensure the PTFE commonly used in 
these systems does not contribute to unacceptable analyte concentrations in the 
LRB (Sect. 9.3.1). 

 
6.9.3. SAMPLE DELIVERY SYSTEM – Use of a polypropylene transfer tube system, 

which transfers the sample directly from the sample container to the SPE 
cartridge, is recommended, but not mandatory. Standard extraction manifolds 
come equipped with PTFE transfer tube systems. These can be replaced with 1/8” 
O.D. x 1/16” I.D. polypropylene or polyethylene tubing (Hudson Extrusions 
LLDPE or equivalent) cut to an appropriate length to ensure no sample 
contamination from the sample transfer lines. Other types of non-PTFE tubing 
may be used provided it meets the LRB (Sect. 9.3.1) and LFB (Sect. 9.3.3) QC 
requirements. The PTFE transfer tubes may be used, but an LRB must be run on 
each PTFE transfer tube and the QC requirements in Section 9.3.1 must be met. In 
the case of automated SPE, the removal of PTFE lines may not be feasible; 
therefore, LRBs will need to be rotated among the ports and must meet the QC 
requirements of Sections 9.2.2 and 9.3.1. 
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6.10. EXTRACT CONCENTRATION SYSTEM – Extracts are concentrated by 
evaporation with nitrogen using a water bath set no higher than 65 °C (Meyer N-Evap, 
Model 111, Organomation Associates, Inc. or equivalent). 

 
6.11. LABORATORY OR ASPIRATOR VACUUM SYSTEM – Sufficient capacity to 

maintain a vacuum of approximately 10 to 15 inches of mercury for extraction 
cartridges. 

 
6.12. LIQUID CHROMATOGRAPHY (LC)/TANDEM MASS SPECTROMETER 

(MS/MS) WITH DATA SYSTEM 
 

6.12.1. LC SYSTEM – Instrument capable of reproducibly injecting up to 10-µL aliquots 
and performing binary linear gradients at a constant flow rate near the flow rate 
used for development of this method (0.3 mL/min). The usage of a column heater 
is optional. 

 
NOTE: During the course of method development, it was discovered that 

while idle for more than one day, PFAS built up in the PTFE solvent 
transfer lines. To prevent long delays in purging high levels of PFAS 
from the LC solvent lines, they were replaced with PEEK tubing 
and the PTFE solvent frits were replaced with stainless steel frits. It 
is not possible to remove all PFAS background contamination, but 
these measures help to minimize their background levels. 

 
6.12.2. LC/TANDEM MASS SPECTROMETER – The LC/MS/MS must be capable of 

negative ion electrospray ionization (ESI) near the suggested LC flow rate of 
0.3 mL/min. The system must be capable of performing MS/MS to produce 
unique product ions (Sect. 3.18) for the method analytes within specified retention 
time segments. A minimum of 10 scans across the chromatographic peak is 
required to ensure adequate precision. Data are demonstrated in Tables 5-9 using 
a triple quadrupole mass spectrometer (Waters XEVO TQMS). See the Note in 
Sect. 10.2.3 pertaining to potential limitations of some MS/MS instrumentation in 
achieving the required MS/MS transitions. 

 
6.12.3. DATA SYSTEM – An interfaced data system is required to acquire, store, reduce, 

and output mass spectral data. The computer software should have the capability 
of processing stored LC/MS/MS data by recognizing an LC peak within any given 
retention time window. The software must allow integration of the ion abundance 
of any specific ion within specified time or scan number limits. The software must 
be able to calculate relative response factors, construct linear regressions or 
quadratic calibration curves, and calculate analyte concentrations. 

 
6.12.4. ANALYTICAL COLUMN – An LC C18 column (2.1 x 150 mm) packed with 

5 µm dp C18 solid phase particles (Waters #: 186001301 or equivalent) was used. 
Any column that provides adequate resolution, peak shape, capacity, accuracy, 
and precision (Sect. 9) may be used. 
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7. REAGENTS AND STANDARDS 

 
7.1. GASES, REAGENTS, AND SOLVENTS – Reagent grade or better chemicals should 

be used. Unless otherwise indicated, it is intended that all reagents shall conform to the 
specifications of the Committee on Analytical Reagents of the American Chemical 
Society, where such specifications are available. Other grades may be used, provided it 
is first determined that the reagent is of sufficiently high purity to permit its use 
without lessening the quality of the determination.  
 

7.1.1. REAGENT WATER – Purified water which does not contain any measurable 
quantities of any method analytes or interfering compounds greater than 1/3 the 
MRL for each method analyte of interest. Prior to daily use, at least 3 L of reagent 
water should be flushed from the purification system to rinse out any build-up of 
analytes in the system’s tubing. 
 

7.1.2. METHANOL (CH3OH, CAS#: 67-56-1) – High purity, demonstrated to be free 
of analytes and interferences (Fisher LC/MS grade or equivalent). 

 
7.1.3. AMMONIUM ACETATE (NH4C2H3O2, CAS#: 631-61-8) – High purity, 

demonstrated to be free of analytes and interferences (Sigma-Aldrich ACS grade 
or equivalent).  

 
7.1.4. 20 mM AMMONIUM ACETATE/REAGENT WATER – To prepare 1 L, add 

1.54 g ammonium acetate to 1 L of reagent water. This solution is volatile and 
must be replaced at least once a week. More frequent replacement may be 
necessary if unexplained loss in sensitivity or retention time shifts are 
encountered and attributed to loss of the ammonium acetate. 

 
7.1.5. TRIZMA PRESET CRYSTALS, pH 7.0 (Sigma cat# T-7193 or equivalent) – 

Reagent grade. A premixed blend of Tris [Tris(hydroxymethyl)aminomethane] 
and Tris HCL [Tris(hydroxymethyl)aminomethane hydrochloride]. Alternatively, 
a mix of the two components with a weight ratio of 15.5/1 Tris HCL/Tris may be 
used. This blend is targeted to produce a pH near 7.0 at 25 °C in reagent water. 
Trizma functions as a buffer and removes free chlorine in chlorinated finished 
waters (Sect. 8.1.2). 

 
7.1.6. NITROGEN – Used for the following purposes: 
 

7.1.6.1. Nitrogen aids in aerosol generation of the ESI liquid spray and is used as 
collision gas in some MS/MS instruments. The nitrogen used should meet or 
exceed instrument manufacturer’s specifications. 
 

7.1.6.2. Nitrogen is used to concentrate sample extracts (Ultra High Purity or 
equivalent). 
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7.1.7. ARGON – Used as collision gas in MS/MS instruments. Argon should meet or 
exceed instrument manufacturer’s specifications. Nitrogen gas may be used as the 
collision gas provided sufficient sensitivity (product ion formation) is achieved. 

 
7.2. STANDARD SOLUTIONS – When a compound purity is assayed to be 96% or 

greater, the weight can be used without correction to calculate the concentration of the 
stock standard. PFAS analyte, IS and SUR standards commercially purchased in glass 
ampoules are acceptable; however, all subsequent transfers or dilutions performed by 
the analyst must be prepared and stored in polypropylene containers. Solution 
concentrations listed in this Section were used to develop this method and are included 
as an example. Alternate concentrations may be used as necessary depending on 
instrument sensitivity and the calibration range used. Standards for sample fortification 
generally should be prepared in the smallest volume that can be accurately measured 
to minimize the addition of excess organic solvent to aqueous samples. PDS and 
calibration standards were found to be stable for, at least, one month during method 
development. Laboratories should use standard QC practices to determine when 
standards need to be replaced. The target analyte manufacturer’s guidelines may be 
helpful when making the determination. 
 
NOTE: Stock standards (Sect. 7.2.1.1, 7.2.2.1 and 7.2.3.1) were stored at ≤4 °C. 

Primary dilution standards (Sect.7.2.1.2, 7.2.2.2 and 7.2.3.2) were stored at 
room temperature to prevent adsorption of the method analytes onto the 
container surfaces that may occur when refrigerated. Storing the standards at 
room temperature will also minimize daily imprecision due to the potential of 
inadequate room temperature stabilization. However, standards may be stored 
cold provided the standards are allowed to come to room temperature and 
vortexed well prior to use. 

 
7.2.1. INTERNAL (IS) STOCK STANDARD SOLUTIONS – This method uses three 

IS compounds listed in the table below. These isotopically labeled IS(s) were 
carefully chosen during method development because they encompass all the 
functional groups of the method analytes. Although alternate IS standards may be 
used provided they are isotopically labeled compounds with similar functional 
groups as the method analytes, the analyst must have documented reasons for 
using alternate IS(s). Alternate IS(s) must meet the QC requirements in 
Section 9.3.4. Note that different isotopic labels of the same IS(s) are acceptable 
(e.g., 13C2-PFOA and 13C4-PFOA) but will require modification of the MS/MS 
precursor and product ions. 

 
Internal Standards Acronym 

Perfluoro-[1,2-13C2]octanoic acid 13C2-PFOA 

Sodium perfluoro-1-[1,2,3,4-13C4]octanesulfonate 13C4-PFOS 

N-deuteriomethylperfluoro-1-octanesulfonamidoacetic acid  d3-NMeFOSAA 
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7.2.1.1. IS STOCK STANDARD SOLUTIONS (IS SSS) – These IS stocks can be 
obtained as individual certified stock standard solutions. The ISs can also be 
purchased as PDSs, making the preparation of individual SSSs unnecessary. 
Analysis of the IS(s) is less complicated if the IS(s) purchased contains only 
the linear isomer.  

 
7.2.1.2. INTERNAL STANDARD PRIMARY DILUTION (IS PDS) STANDARD 

(1-4 ng/µL) – Prepare, or purchase commercially, the IS PDS at a suggested 
concentration of 1-4 ng/µL. The IS PDS (in methanol with 4 molar 
equivalents of sodium hydroxide) was purchased from Wellington Labs. 
Alternatively, the IS PDS can be prepared in methanol containing 4% 
reagent water. Use 10 µL of this 1-4 ng/µL solution to fortify the final 1-mL 
extracts (Sect. 11.5). This will yield a concentration of 10-40 ng/mL of each 
IS in the 1-mL extracts.  

 
IS Final Conc. of IS PDS (ng/µL) 
13C2-PFOA 1.0 
13C4-PFOS 3.0 

d3-NMeFOSAA 4.0 
 

7.2.2. SURROGATE (SUR) STANDARD SOLUTIONS – The four SUR(s) listed in the 
table below were purchased from Wellington Labs as linear only isomers. These 
isotopically labeled SUR standards were carefully chosen during method 
development because they encompass most of the functional groups, as well as 
the water solubility range of the method analytes. Although alternate SUR 
standards may be used provided they are isotopically labeled compounds with 
similar functional groups as the method analytes, the analyst must have 
documented reasons for using alternate SUR standards. The alternate SUR 
standards chosen must still span the water solubility range of the method analytes. 
In addition, alternate SUR standards must meet the QC requirements in 
Section 9.3.5. 

 
Surrogates Acronym 

Perfluoro-n-[1,2-13C2]hexanoic acid 13C2-PFHxA 

Perfluoro-n-[1,2-13C2]decanoic acid 13C2-PFDA 

N-deuterioethylperfluoro-1-octanesulfonamidoacetic acid d5-NEtFOSAA 

Tetrafluoro-2-heptafluoropropoxy-13C3-propanoic acid 13C3-HFPO-DA 
 
7.2.2.1. SUR STOCK STANDARD SOLUTIONS (SUR SSS) – These SUR stocks 

can be obtained as individual certified stock standard solutions. The SURs 
can also be purchased as PDSs, making the preparation of individual SSSs 
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unnecessary. Analysis of the SUR(s) is less complicated if the SUR(s) 
purchased contains only the linear isomer. 
 

7.2.2.2. SURROGATE PRIMARY DILUTION STANDARD (SUR PDS) 
(1-4 ng/µL) – Prepare, or purchase commercially, the SUR PDS at a 
suggested concentration of 1-4 ng/µL. The SUR PDS (in methanol with 
4 molar equivalents of sodium hydroxide) was purchased from Wellington 
Labs. Alternatively, the SUR PDS can be prepared in methanol containing 
4% reagent water. Use 10 µL of this 1-4 ng/µL solution to fortify all QC and 
Field Samples. (Sect. 11.5). This will yield SUR concentrations of 40-
160 ng/L in the 250 mL aqueous samples.  

 
SUR Final Conc. of SUR PDS (ng/µL) 
13C2-PFHxA 1.0 
13C2-PFDA 1.0 

d5-NEtFOSAA 4.0 
13C3-HFPO-DA 1.0 

 
7.2.3. ANALYTE STANDARD SOLUTIONS – Analyte standards may be purchased 

commercially as ampoulized solutions or prepared from neat materials. If 
commercially available, the method analytes must be purchased as technical grade 
(linear and branched isomers) standards or neat materials. Standards or neat 
materials that contain only the linear isomer can be substituted only if technical 
grade (linear and branched isomers) standards or neat material cannot be 
purchased as quantitative standards (see note below regarding PFOA). At the time 
of this method development, PFHxS, PFOS, NEtFOSAA and NMeFOSAA are 
available as technical grade (containing branched and linear isomers) and 
therefore must be purchased as technical grade. 
 
A qualitative standard (Sect. 3.19) is available for PFOA that contains the 
linear and branched isomers (Wellington Labs, Cat. No. T-PFOA, or 
equivalent). This qualitative PFOA standard must be purchased and used to 
identify the retention times of the branched PFOA isomers, but the linear 
only PFOA standard must be used for quantitation (Sect. 12.2) until a 
quantitative PFOA standard containing the branched and linear isomers 
becomes commercially available.  
 
PFHxS, PFOS, ADONA, 9Cl-PF3ONS and 11Cl-PF3OUdS may not be available 
as the acids listed in Section 1.1, but rather as their corresponding salts, such as 
NH4

+, Na+ and K+. These salts are acceptable starting materials for the stock 
standards provided the measured mass is corrected for the salt content according 
to the equation below. Prepare the Analyte Stock and Primary Dilutions Standards 
as described below.  
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salt

acid
saltacid MW

MWMassMeasuredMass ×=  

where: 
 MWacid = the molecular weight of PFAS 
 MWsalt = the molecular weight of purchased salt 

 
7.2.3.1. ANALYTE STOCK STANDARD SOLUTION (SSS) – Analyte standards 

may be purchased commercially as ampoulized solutions prepared from neat 
materials. Commercially prepared SSSs are available for all method 
analytes. During method development, mixes or individual stocks were 
obtained from Accustandard, Absolute, Wellington Labs and Synquest. 
When using these stock standards to prepare a PDS, care must be taken to 
ensure that these standards are at room temperature and adequately 
vortexed.  

 
7.2.3.2. ANALYTE PRIMARY DILUTION STANDARD (PDS) SOLUTION (0.5-

2.5 ng/µL) – The analyte PDS contains all the method analytes of interest at 
various concentrations in methanol containing 4% water (or in methanol 
containing 4 molar equivalents of sodium hydroxide). The ESI and MS/MS 
response varies by compound; therefore, a mix of concentrations may be 
needed in the analyte PDS. See Tables 5-9 in Section 17 for suggested 
concentrations for each analyte. During method development, the analyte 
PDS was prepared such that approximately the same instrument response 
was obtained for all the analytes. The analyte PDS is prepared by dilution of 
the combined Analyte Stock Standard Solutions and is used to prepare the 
CAL standards, and fortify the LFBs, LFSMs, and LFSMDs with the 
method analytes. If the PDS is stored cold, care must be taken to ensure that 
these standards are at room temperature and adequately vortexed before 
usage.  

 
7.2.4. CALIBRATION STANDARDS (CAL) – At least five calibration concentrations 

are required to prepare the initial calibration curve spanning a 20-fold 
concentration range (Sect. 10.2). Larger concentration ranges will require more 
calibration points. Prepare the CAL standards over the concentration range of 
interest from dilutions of the analyte PDS in methanol containing 4% reagent 
water. The suggested analyte concentrations found in Tables 5-9 can be used as a 
starting point for determining the calibration range. The IS and SUR are added to 
the CAL standards at a constant concentration. During method development, the 
concentrations of the SUR(s) were 10-40 pg/µL in the standard (40-160 ng/L in 
the sample) and the IS(s) were 10-40 ng/mL. The lowest concentration CAL 
standard must be at or below the MRL, which may depend on system sensitivity. 
The CAL standards may also be used as CCCs (Sect. 9.3.2).  
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8. SAMPLE COLLECTION, PRESERVATION, AND STORAGE 
 
8.1. SAMPLE BOTTLE PREPARATION 

 
8.1.1. Samples must be collected in a 250-mL polypropylene bottle fitted with a 

polypropylene screw-cap.  
 

8.1.2. The preservation reagent, listed in the table below, is added to each sample bottle 
as a solid prior to shipment to the field (or prior to sample collection).  

 
 
 
 

8.2. SAMPLE COLLECTION 
 

8.2.1. The sample handler must wash their hands before sampling and wear nitrile 
gloves while filling and sealing the sample bottles. PFAS contamination during 
sampling can occur from a number of common sources, such as food packaging 
and certain foods and beverages. Proper hand washing and wearing nitrile gloves 
will aid in minimizing this type of accidental contamination of the samples. 

 
8.2.1. Open the tap and allow the system to flush until the water temperature has 

stabilized (approximately 3 to 5 min). Collect samples from the flowing system. 
 

8.2.2. Fill sample bottles, taking care not to flush out the sample preservation reagent. 
Samples do not need to be collected headspace free. 

 
8.2.3. After collecting the sample, cap the bottle and agitate by hand until preservative is 

dissolved. Keep the sample sealed from time of collection until extraction. 
 

8.3. FIELD REAGENT BLANKS (FRB)  
 

8.3.1. An FRB must be handled along with each sample set. The sample set is composed 
of samples collected from the same sample site and at the same time. At the 
laboratory, fill the field blank sample bottle with reagent water, then seal, and ship 
to the sampling site along with the sample bottles. For each FRB shipped, a 
second FRB bottle containing only the preservative must also be shipped. At the 
sampling site, the sampler must open the shipped FRB and pour the preserved 
reagent water into the empty shipped sample bottle, seal and label this bottle as 
the FRB. The FRB is shipped back to the laboratory along with the samples and 
analyzed to ensure that PFAS were not introduced into the sample during sample 
collection/handling. 

 
8.3.2. The same batch of preservative must be used for the FRBs as for the field 

samples. 

Compound Amount Purpose 

Trizma (Sect. 7.1.5) 5.0 g/L buffering reagent and removes free chlorine 
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8.3.3. The reagent water used for the FRBs must be initially analyzed for method 

analytes as a LRB (using the same lot of sample bottles as the field samples) and 
must meet the LRB criteria in Section 9.3.1 prior to use. This requirement will 
ensure samples are not being discarded due to contaminated reagent water or 
sample bottles rather than contamination during sampling. 

 
8.4. SAMPLE SHIPMENT AND STORAGE – Samples must be chilled during shipment 

and must not exceed 10 °C during the first 48 hours after collection. Sample 
temperature must be confirmed to be at or below 10 °C when the samples are received 
at the laboratory. Samples stored in the lab must be held at or below 6 °C until 
extraction but must not be frozen. 
 
NOTE: Samples that are significantly above 10° C, at the time of collection, may need 

to be iced or refrigerated for a period of time, in order to chill them prior to 
shipping. This will allow them to be shipped with sufficient ice to meet the 
above requirements. 

 
8.5. SAMPLE AND EXTRACT HOLDING TIMES – Results of the sample storage 

stability study (Table 10) indicated that all compounds listed in this method have 
adequate stability for 14 days when collected, preserved, shipped and stored as 
described in Sections 8.1, 8.2, and 8.4. Therefore, water samples should be extracted 
as soon as possible but must be extracted within 14 days. Extracts must be stored at 
room temperature and analyzed within 28 days after extraction. The extract storage 
stability study data are presented in Table 11. 
 

9. QUALITY CONTROL 
 

9.1. QC requirements include the Initial Demonstration of Capability (IDC) and ongoing 
QC requirements that must be met when preparing and analyzing Field Samples. This 
Section describes the QC parameters, their required frequencies, and the performance 
criteria that must be met in order to meet EPA quality objectives. The QC criteria 
discussed in the following sections are summarized in Table 12 and Table 13. These 
QC requirements are considered the minimum acceptable QC criteria. Laboratories are 
encouraged to institute additional QC practices to meet their specific needs. 

 
9.1.1. METHOD MODIFICATIONS – The analyst is permitted to modify LC columns, 

LC conditions, evaporation techniques, internal standards or surrogate standards, 
and MS and MS/MS conditions. Each time such method modifications are made, 
the analyst must repeat the procedures of the IDC. Modifications to LC 
conditions should still produce conditions such that co-elution of the method 
analytes is minimized to reduce the probability of suppression/enhancement 
effects.  
 

9.2. INITIAL DEMONSTRATION OF CAPABILITY – The IDC must be successfully 
performed prior to analyzing any Field Samples. Prior to conducting the IDC, the 
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analyst must first generate an acceptable Initial Calibration following the procedure 
outlined in Section 10.2. 

 
9.2.1. INITIAL DEMONSTRATION OF BRANCHED vs LINEAR ISOMER 

PROFILE for PFOA IN A QUALITATIVE STANDARD – Prepare and analyze a 
qualitative standard used for identifying retention times of branch isomers of 
PFOA. Identify the retention times of branched isomers of PFOA in the purchased 
technical grade PFOA standard. This qualitative PFOA standard is not used for 
quantitation (see Section 12.2). This branched isomer identification check must be 
repeated any time changes occur that affect the analyte retention times. 

 
9.2.2. INITIAL DEMONSTRATION OF LOW SYSTEM BACKGROUND – Any time 

a new lot of SPE cartridges, solvents, centrifuge tubes, disposable pipets, and 
autosampler vials are used, it must be demonstrated that an LRB is reasonably 
free of contamination and that the criteria in Section 9.3.1 are met. If an 
automated extraction system is used, an LRB should be extracted on each port to 
ensure that all the valves and tubing are free from potential PFAS contamination. 

 
9.2.3. INITIAL DEMONSTRATION OF PRECISION (IDP) – Prepare, extract, and 

analyze four to seven replicate LFBs fortified near the midrange of the initial 
calibration curve according to the procedure described in Section 11.4. Sample 
preservatives as described in Section 8.1.2 must be added to these samples. The 
relative standard deviation (RSD) of the results of the replicate analyses must be 
less than 20%. 
 

9.2.4. INITIAL DEMONSTRATION OF ACCURACY (IDA) – Using the same set of 
replicate data generated for Section 9.2.3, calculate average recovery. The average 
recovery of the replicate values must be within ± 30% of the true value. 
 

9.2.5. INITIAL DEMONSTRATION OF PEAK ASYMMETRY FACTOR – Peak 
asymmetry factors must be calculated using the equation in Section 9.3.9 for the 
first two eluting peaks (if only two analytes are being analyzed, both must be 
evaluated) in a mid-level CAL standard. The peak asymmetry factors must fall in 
the range of 0.8 to 1.5. See guidance in Section 10.2.4.1 if the calculated peak 
asymmetry factors do not meet the criteria. 

 
9.2.6. MINIMUM REPORTING LEVEL (MRL) CONFIRMATION – Establish a target 

concentration for the MRL based on the intended use of the method. The MRL 
may be established by a laboratory for their specific purpose or may be set by a 
regulatory agency. Establish an Initial Calibration following the procedure 
outlined in Section 10.2. The lowest CAL standard used to establish the Initial 
Calibration (as well as the low-level CCC, Section 10.3) must be at or below the 
concentration of the MRL. Establishing the MRL concentration too low may 
cause repeated failure of ongoing QC requirements. Confirm the MRL following 
the procedure outlined below. 
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9.2.6.1. Fortify, extract, and analyze seven replicate LFBs at the proposed MRL 
concentration. These LFBs must contain all method preservatives described 
in Section 8.1.2. Calculate the mean measured concentration (Mean) and 
standard deviation for these replicates. Determine the Half Range for the 
prediction interval of results (HRPIR) using the equation below 

 
HR sPIR = 3963.  

where 
  s  = the standard deviation 
 3.963  = a constant value for seven replicates.1 

 

9.2.6.2. Confirm that the upper and lower limits for the Prediction Interval of Result 
(PIR = Mean + HRPIR) meet the upper and lower recovery limits as shown 
below 

 
The Upper PIR Limit must be ≤150% recovery.  
 

150%  %100 ≤×
+

ionConcentratFortified
HRMean PIR

 
 
The Lower PIR Limit must be ≥ 50% recovery.  
 

50% %100 ≥×
−

ionConcentratFortified
HRMean PIR

 
 

9.2.6.3. The MRL is validated if both the Upper and Lower PIR Limits meet the 
criteria described above (Sect. 9.2.6.2). If these criteria are not met, the 
MRL has been set too low and must be determined again at a higher 
concentration. 

 
9.2.7. CALIBRATION CONFIRMATION – Analyze a QCS as described in 

Section 9.3.10 to confirm the accuracy of the standards/calibration curve. 
 
9.2.8. DETECTION LIMIT DETERMINATION (optional) – While DL determination 

is not a specific requirement of this method, it may be required by various 
regulatory bodies associated with compliance monitoring. It is the responsibility 
of the laboratory to determine if DL determination is required based upon the 
intended use of the data.  

 
9.2.8.1. Replicate analyses for this procedure should be done over at least three days 

(i.e., both the sample extraction and the LC/MS/MS analyses should be done 
over at least three days). Prepare at least seven replicate LFBs at a 
concentration estimated to be near the DL. This concentration may be 
estimated by selecting a concentration at 2-5 times the noise level. The DLs 
in Table 5 were calculated from LFBs fortified at various concentrations as 
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indicated in the table. The appropriate fortification concentrations will be 
dependent upon the sensitivity of the LC/MS/MS system used. All 
preservation reagents listed in Section 8.1.2 must also be added to these 
samples. Analyze the seven replicates through all steps of Section 11. 

 
NOTE: If an MRL confirmation data set meets these requirements, a DL may be 

calculated from the MRL confirmation data, and no additional analyses 
are necessary.  

 
Calculate the DL using the following equation 

 

)99.01 ,1( =−−×= αntsDL  

 
where 

s = standard deviation of replicate analyses 
t (n-1, 1-α=0.99) = Student's t value for the 99% confidence level with n-1 

degrees of freedom 
n = number of replicates.  

 
NOTE: Do not subtract blank values when performing DL calculations. The DL 

is a statistical determination of precision only.2 If the DL replicates are 
fortified at a low enough concentration, it is likely that they will not meet 
the precision and accuracy criteria for CCCs. Therefore, no precision and 
accuracy criteria are specified. 

 
9.2.8.2. If a laboratory is establishing their own MRL, the calculated DLs should not 

be used as the MRL for analytes that commonly occur as background 
contaminants. Method analytes that are seen in the background should be 
reported as present in Field Samples, only after careful evaluation of the 
background levels. It is recommended that a MRL be established at the 
mean LRB concentrations + 3σ or 3 times the mean LRB concentration, 
whichever is greater. This value should be calculated over a period of time, 
to reflect variability in the blank measurements. It is recommended that this 
value be used as an MRL in order to avoid reporting false positive results. 

 
9.3. ONGOING QC REQUIREMENTS – This Section summarizes the ongoing QC 

criteria that must be followed when processing and analyzing Field Samples. 
 

9.3.1. LABORATORY REAGENT BLANK (LRB) – An LRB is required with each 
extraction batch (Sect. 3.6) to confirm that potential background contaminants are 
not interfering with the identification or quantitation of method analytes. If more 
than 20 Field Samples are included in a batch, analyze an LRB for every 20 
samples. If the LRB produces a peak within the retention time window of any 
analyte that would prevent the determination of that analyte, determine the source 
of contamination and eliminate the interference before processing samples. 
Background contamination must be reduced to an acceptable level before 
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proceeding. Background from method analytes or other contaminants that inter-
fere with the measurement of method analytes must be below 1/3 of the MRL. 
Blank contamination is estimated by extrapolation, if the concentration is below 
the lowest CAL standard. This extrapolation procedure is not allowed for sample 
results as it may not meet data quality objectives. If the method analytes are 
detected in the LRB at concentrations equal to or greater than this level, then all 
data for the problem analyte(s) must be considered invalid for all samples in the 
extraction batch. Because background contamination is a significant problem for 
several method analytes, maintaining a historical record of LRB data is highly 
recommended. 
 

9.3.2. CONTINUING CALIBRATION CHECK (CCC) – CCC Standards are analyzed 
at the beginning of each analysis batch, after every 10 Field Samples, and at the 
end of the analysis batch. See Section 10.3 for concentration requirements and 
acceptance criteria. 

 
9.3.3. LABORATORY FORTIFIED BLANK (LFB) – An LFB is required with each 

extraction batch (Sect. 3.6). The fortified concentration of the LFB must be 
rotated between low, medium, and high concentrations from batch to batch. The 
low concentration LFB must be as near as practical to, but no more than two 
times, the MRL. Similarly, the high concentration LFB should be near the high 
end of the calibration range established during the initial calibration (Sect. 10.2). 
Results of the low-level LFB analyses must be 50-150% of the true value. Results 
of the medium and high-level LFB analyses must be 70-130% of the true value. If 
the LFB results do not meet these criteria for method analytes, then all data for the 
problem analyte(s) must be considered invalid for all samples in the extraction 
batch. 
 

9.3.4. INTERNAL STANDARDS (IS) – The analyst must monitor the peak areas of the 
IS(s) in all injections during each analysis day. The IS responses (peak areas) in 
any chromatographic run must be within 70-140% of the response in the most 
recent CCC and must not deviate by more than 50% from the average area 
measured during initial analyte calibration. If the IS areas in a chromatographic 
run do not meet these criteria, inject a second aliquot of that extract aliquotted 
into a new capped autosampler vial. Random evaporation losses have been 
observed with the polypropylene caps causing high IS(s) areas.  

 
9.3.4.1. If the reinjected aliquot produces an acceptable IS response, report results 

for that aliquot. 
 

9.3.4.2. If the reinjected extract fails again, the analyst should check the calibration 
by reanalyzing the most recently acceptable CAL standard. If the CAL 
standard fails the criteria of Section 10.3, recalibration is in order per 
Section 10.2. If the CAL standard is acceptable, extraction of the sample 
may need to be repeated provided the sample is still within the holding time. 
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Otherwise, report results obtained from the reinjected extract, but annotate 
as suspect. Alternatively, collect a new sample and re-analyze. 

 
9.3.5. SURROGATE RECOVERY – The SUR standard is fortified into all samples, 

CCCs, LRBs, LFBs, LFSMs, LFSMDs, FD, and FRB prior to extraction. It is also 
added to the CAL standards. The SUR is a means of assessing method 
performance from extraction to final chromatographic measurement. Calculate the 
recovery (%R) for the SUR using the following equation 

 

100% ×





=

B
AR  

where  
 A  = calculated SUR concentration for the QC or Field Sample 
 B  = fortified concentration of the SUR.  

 
9.3.5.1. SUR recovery must be in the range of 70-130%. When SUR recovery from 

a sample, blank, or CCC is less than 70% or greater than 130%, check 1) 
calculations to locate possible errors, 2) standard solutions for degradation, 
3) contamination, and 4) instrument performance. Correct the problem and 
reanalyze the extract. 
 

9.3.5.2. If the extract reanalysis meets the SUR recovery criterion, report only data 
for the reanalyzed extract. 
 

9.3.5.3. If the extract reanalysis fails the 70-130% recovery criterion, the analyst 
should check the calibration by injecting the last CAL standard that passed. 
If the CAL standard fails the criteria of Section 10.3, recalibration is in 
order per Section 10.2. If the CAL standard is acceptable, extraction of the 
sample should be repeated provided the sample is still within the holding 
time. If the re-extracted sample also fails the recovery criterion, report all 
data for that sample as suspect/SUR recovery to inform the data user that the 
results are suspect due to SUR recovery. Alternatively, collect a new sample 
and re-analyze. 

 
9.3.6. LABORATORY FORTIFIED SAMPLE MATRIX (LFSM) – Analysis of an 

LFSM is required in each extraction batch and is used to determine that the 
sample matrix does not adversely affect method accuracy. Assessment of method 
precision is accomplished by analysis of a Field Duplicate (FD) (Sect. 9.3.7); 
however, infrequent occurrence of method analytes would hinder this assessment. 
If the occurrence of method analytes in the samples is infrequent, or if historical 
trends are unavailable, a second LFSM, or LFSMD, must be prepared, extracted, 
and analyzed from a duplicate of the Field Sample. Extraction batches that 
contain LFSMDs will not require the extraction of a FD. If a variety of different 
sample matrices are analyzed regularly, for example, drinking water from 
groundwater and surface water sources, method performance should be 
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established for each. Over time, LFSM data should be documented by the 
laboratory for all routine sample sources. 

 
9.3.6.1. Within each extraction batch (Sect. 3.6), a minimum of one Field Sample is 

fortified as an LFSM for every 20 Field Samples analyzed. The LFSM is 
prepared by spiking a sample with an appropriate amount of the Analyte 
PDS (Sect. 7.2.3.2). Select a spiking concentration that is greater than or 
equal to the matrix background concentration, if known. Use historical data 
and rotate through the low, mid and high concentrations when selecting a 
fortifying concentration. 
 

9.3.6.2. Calculate the percent recovery (%R) for each analyte using the equation  
 

( ) 100% ×
−

=
C

BAR  

 where 
A = measured concentration in the fortified sample 
B = measured concentration in the unfortified sample 
C = fortification concentration. 

 
9.3.6.3. Analyte recoveries may exhibit matrix bias. For samples fortified at or 

above their native concentration, recoveries should range between 70-130%, 
except for low-level fortification near or at the MRL (within a factor of 
2-times the MRL concentration) where 50-150% recoveries are acceptable. 
If the accuracy of any analyte falls outside the designated range, and the 
laboratory performance for that analyte is shown to be in control in the 
CCCs, the recovery is judged to be matrix biased. The result for that analyte 
in the unfortified sample is labeled suspect/matrix to inform the data user 
that the results are suspect due to matrix effects. 

 
9.3.7. FIELD DUPLICATE OR LABORATORY FORTIFIED SAMPLE MATRIX 

DUPLICATE (FD or LFSMD) – Within each extraction batch (not to exceed 20 
Field Samples, Sect. 3.6), a minimum of one FD or LFSMD must be analyzed. 
Duplicates check the precision associated with sample collection, preservation, 
storage, and laboratory procedures. If method analytes are not routinely observed 
in Field Samples, an LFSMD should be analyzed rather than an FD. 

 
9.3.7.1. Calculate the relative percent difference (RPD) for duplicate measurements 

(FD1 and FD2) using the equation 
 

( ) 100
2/21

21
×

+
−

=
FDFD

FDFD
RPD

 
 

9.3.7.2. RPDs for FDs should be ≤30%. Greater variability may be observed when 
FDs have analyte concentrations that are within a factor of 2 of the MRL. At 
these concentrations, FDs should have RPDs that are ≤50%. If the RPD of 
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any analyte falls outside the designated range, and the laboratory 
performance for that analyte is shown to be in control in the CCC, the 
recovery is judged to be matrix biased. The result for that analyte in the 
unfortified sample is labeled suspect/matrix to inform the data user that the 
results are suspect due to matrix effects. 
 

9.3.7.3. If an LFSMD is analyzed instead of a FD, calculate the relative percent 
difference (RPD) for duplicate LFSMs (LFSM and LFSMD) using the 
equation 
 

( ) 100
2/
×

+

−
=

LFSMDLFSM
LFSMDLFSM

RPD
 

 
9.3.7.4. RPDs for duplicate LFSMs must be ≤30% for samples fortified at or above 

their native concentration. Greater variability may be observed when 
LFSMs are fortified at analyte concentrations that are within a factor of 2 of 
the MRL. LFSMs fortified at these concentrations must have RPDs that are 
≤50% for samples fortified at or above their native concentration. If the 
RPD of any analyte falls outside the designated range, and the laboratory 
performance for that analyte is shown to be in control in the CCC, the 
recovery is judged to be matrix biased. The result for that analyte in the 
unfortified sample is labeled suspect/matrix to inform the data user that the 
results are suspect due to matrix effects. 

 
9.3.8. FIELD REAGENT BLANK (FRB) – The purpose of the FRB is to ensure that 

PFAS measured in the Field Samples were not inadvertently introduced into the 
sample during sample collection/handling. Analysis of the FRB is required only if 
a Field Sample contains a method analyte or analytes at or above the MRL. The 
FRB is processed, extracted and analyzed in exactly the same manner as a Field 
Sample. If the method analyte(s) found in the Field Sample is present in the FRB 
at a concentration greater than 1/3 the MRL, then all samples collected with that 
FRB are invalid and must be recollected and reanalyzed. 

 
9.3.9. PEAK ASYMMETRY FACTOR – A peak asymmetry factor must be calculated 

using the equation below during the IDC and every time chromatographic 
changes are made that may affect peak shape. The peak asymmetry factor for the 
first two eluting peaks in a mid-level CAL standard (if only two analytes are 
being analyzed, both must be evaluated) must fall in the range of 0.8 to 1.5. 
Modifying the standard or extract composition to more aqueous content to prevent 
poor shape is not permitted. See guidance in Section 10.2.4.1 if the calculated 
peak asymmetry factors do not meet the criteria. 
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A
b
a

s =
 

 
where:  

As = peak asymmetry factor 
 B = width of the back half of the peak measured (at 10% peak 

height) from the trailing edge of the peak to a line dropped 
perpendicularly from the peak apex  

 a = the width of the front half of the peak measured (at 10% peak 
height) from the leading edge of the peak to a line dropped 
perpendicularly from the apex. 

 
9.3.10. QUALITY CONTROL SAMPLES (QCS) – As part of the IDC (Sect. 9.2), each 

time a new Analyte PDS (Sect. 7.2.3.2) is prepared, and at least quarterly, analyze 
a QCS sample from a source different from the source of the CAL standards. If a 
second vendor is not available, then a different lot of the standard should be used. 
The QCS should be prepared at a mid-level concentration and analyzed just like a 
CCC. Acceptance criteria for the QCS are identical to the CCCs; the calculated 
amount for each analyte must be ± 30% of the expected value. If measured 
analyte concentrations are not of acceptable accuracy, check the entire analytical 
procedure to locate and correct the problem. 
 

10. CALIBRATION AND STANDARDIZATION 
 
10.1. Demonstration and documentation of acceptable initial calibration is required before 

any samples are analyzed. After the initial calibration is successful, a CCC is required 
at the beginning and end of each period in which analyses are performed, and after 
every tenth Field Sample. 
  

10.2. INITIAL CALIBRATION 
 
10.2.1. ESI-MS/MS TUNE 

 
10.2.1.1. Calibrate the mass scale of the MS with the calibration compounds and 

procedures prescribed by the manufacturer.  
 

10.2.1.2. Optimize the [M-H]- or [M-CO2]- for each method analyte by infusing 
approximately 0.5-1.0 µg/mL of each analyte (prepared in the initial mobile 
phase conditions) directly into the MS at the chosen LC mobile phase flow 
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rate (approximately 0.3 mL/min). This tune can be done on a mix of the 
method analytes. The MS parameters (voltages, temperatures, gas flows, 
etc.) are varied until optimal analyte responses are determined. The method 
analytes may have different optima requiring some compromise between the 
optima. See Table 2 for ESI-MS conditions used in method development. 

 
10.2.1.3. Optimize the product ion (Sect. 3.18) for each analyte by infusing 

approximately 0.5-1.0 µg/mL of each analyte (prepared in the initial mobile 
phase conditions) directly into the MS at the chosen LC mobile phase flow 
rate (approximately 0.3 mL/min). This tune can be done on a mix of the 
method analytes. The MS/MS parameters (collision gas pressure, collision 
energy, etc.) are varied until optimal analyte responses are determined. 
Typically, the carboxylic acids have very similar MS/MS conditions and the 
sulfonic acids have similar MS/MS conditions. See Table 4 for MS/MS 
conditions used in method development. 

 
10.2.2. Establish LC operating parameters that optimize resolution and peak shape. 

Suggested LC conditions can be found in Table 1. The LC conditions listed in 
Table 1 may not be optimum for all LC systems and may need to be optimized by 
the analyst (See Sect. 10.2.4.1). Modifying the standard or extract composition to 
more aqueous content to prevent poor shape is not permitted.  

 
Cautions: LC system components, as well as the mobile phase constituents, 

contain many of the analytes in this method. Thus, these PFAS will 
build up on the head of the LC column during mobile phase 
equilibration. To minimize the background PFAS peaks and to 
keep background levels constant, the time the LC column sits at 
initial conditions must be kept constant and as short as possible 
(while ensuring reproducible retention times). In addition, prior to 
daily use, flush the column with 100% methanol for at least 20 min 
before initiating a sequence. It may be necessary on some systems 
to flush other LC components such as wash syringes, sample 
needles or any other system components before daily use. 

 
 Mobile phase modifiers other than 20 mM ammonium acetate may 

be used at the discretion of the analyst, provided that the retention 
time stability criteria in Sect. 11.7.2 can be met over a period of 
two weeks. During method development, retention times shifted to 
shorter and shorter times as days progressed when mobile phases 
with less than 20 mM ammonium acetate were used. 
 

10.2.3. Inject a mid-level CAL standard under LC/MS conditions to obtain the retention 
times of each method analyte. Divide the chromatogram into retention time 
windows each of which contains one or more chromatographic peaks. During 
MS/MS analysis, fragment a small number of selected precursor ions ([M-H]-; 
Sect. 3.16) for the analytes in each window and choose the most abundant product 
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ion. The product ions (also the quantitation ions) chosen during method 
development are in Table 4, although these will be instrument dependent. For 
maximum sensitivity, small mass windows of ±0.5 daltons around the product ion 
mass were used for quantitation.  

 
NOTE: There have been reports10 that not all product ions in the linear 

PFOS are produced in all branched PFOS isomers. (This 
phenomenon may exist for many of the PFAS.) Thus, to reduce 
PFOS, PFBS and PFHxS bias, it is required that the precursor 
m/z → m/z 80 transition be used as the quantitation transition. Some 
MS/MS instruments, may not be able to scan a product ion with such 
a wide mass difference from the precursor ion; therefore, if the 
MS/MS cannot measure the precursor m/z → m/z 80 transition they 
may not be used for this method if PFOS, PFBS, or PFHxS analysis 
is to be conducted.  

 
10.2.4. Inject a mid-level CAL standard under optimized LC/MS/MS conditions to ensure 

that each method analyte is observed in its MS/MS window and that there are at 
least 10 scans across the peak for optimum precision.  

 
NOTE: Ensure that the retention time window used to collect data for each 

analyte is sufficient to detect earlier eluting branched isomers. 
 

10.2.4.1. If broad, split or fronting peaks are observed for the first two eluting 
chromatographic peaks (if only two analytes are being analyzed, both must 
be evaluated), change the initial mobile phase conditions to higher aqueous 
content until the peak asymmetry ratio for each peak is 0.8 – 1.5. The peak 
asymmetry factor is calculated as described in Section 9.3.9 on a mid-level 
CAL standard. The peak asymmetry factor must meet the above criteria for 
the first two eluting peaks during the IDC and every time a new calibration 
curve is generated. Modifying the standard or extract composition to more 
aqueous content to prevent poor shape is not permitted.  
 

10.2.4.2. Most PFAS are produced by two different processes. One process gives rise 
to linear PFAS only while the other process produces both linear and 
branched isomers. Thus, both branched and linear PFAS can potentially be 
found in the environment. Refer to Section 12.2 for guidance on integration 
and quantitation of PFAS. 
 

10.2.5. Prepare a set of at least five CAL standards as described in Section 7.2.4. The 
lowest concentration CAL standard must be at or below the MRL, which may 
depend on system sensitivity. It is recommended that at least four of the CAL 
standards are at a concentration greater than or equal to the MRL. 

 
10.2.6. The LC/MS/MS system is calibrated using the IS technique. Use the LC/MS/MS 

data system software to generate a linear regression or quadratic calibration curve 
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for each of the analytes. This curve must always be forced through zero and may 
be concentration weighted, if necessary. Forcing zero allows for a better estimate 
of the background levels of method analytes.  

 
10.2.7. CALIBRATION ACCEPTANCE CRITERIA – Validate the initial calibration by 

calculating the concentration of each analyte as an unknown against its regression 
equation. For calibration levels that are ≤ MRL, the result for each analyte must 
be within ± 50% of the true value. All other calibration points must calculate to be 
within ± 30% of their true value. If these criteria cannot be met, the analyst will 
have difficulty meeting ongoing QC criteria. It is recommended that corrective 
action is taken to reanalyze the CAL standards, restrict the range of calibration, or 
select an alternate method of calibration (forcing the curve through zero is still 
required).  

 
CAUTION: When acquiring MS/MS data, LC operating conditions must be 

carefully reproduced for each analysis to provide reproducible 
retention times. If this is not done, the correct ions will not be 
monitored at the appropriate times. As a precautionary measure, the 
chromatographic peaks in each window must not elute too close to 
the edge of the segment time window.  

 
10.3. CONTINUING CALIBRATION CHECK (CCC) – Minimum daily calibration 

verification is as follows. Verify the initial calibration at the beginning and end of each 
group of analyses, and after every tenth sample during analyses. In this context, a 
“sample” is considered to be a Field Sample. LRBs, CCCs, LFBs, LFSMs, FDs FRBs 
and LFSMDs are not counted as samples. The beginning CCC of each analysis batch 
must be at or below the MRL to verify instrument sensitivity prior to any analyses. If 
standards have been prepared such that all low CAL points are not in the same CAL 
solution, it may be necessary to analyze two CAL standards to meet this requirement. 
Alternatively, the analyte concentrations in the analyte PDS may be customized to 
meet these criteria. Subsequent CCCs should alternate between a medium and high 
concentration CAL standard.  

 
10.3.1. Inject an aliquot of the appropriate concentration CAL standard and analyze with 

the same conditions used during the initial calibration. 
 

10.3.2. Determine that the absolute areas of the quantitation ions of the IS(s) are within 
70-140% of the areas measured in the most recent continuing calibration check, 
and within 50-150% from the average areas measured during initial calibration. If 
any of the IS areas has changed by more than these amounts, adjustments must be 
made to restore system sensitivity. These adjustments may include cleaning of the 
MS ion source, or other maintenance as indicated in Section 10.3.4. Major 
instrument maintenance requires recalibration (Sect. 10.2) and verification of 
sensitivity by analyzing a CCC at or below the MRL (Sect. 10.3). Control charts 
are useful aids in documenting system sensitivity changes. 
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10.3.3. Calculate the concentration of each analyte and SUR in the CCC. The calculated 
amount for each analyte and SUR for medium and high level CCCs must be 
within ± 30% of the true value. The calculated amount for the lowest calibration 
point for each analyte must be within ± 50% and the SUR must be within ± 30% 
of the true value. If these conditions do not exist, then all data for the problem 
analyte must be considered invalid, and remedial action should be taken 
(Sect. 10.3.4) which may require recalibration. Any Field or QC Samples that 
have been analyzed since the last acceptable calibration verification that are still 
within holding time must be reanalyzed after adequate calibration has been 
restored, with the following exception. If the CCC fails because the calculated 
concentration is greater than 130% (150% for the low-level CCC) for a 
particular method analyte, and Field Sample extracts show no detection for 
that method analyte, non-detects may be reported without re-analysis. 
 

10.3.4. REMEDIAL ACTION – Failure to meet CCC QC performance criteria may 
require remedial action. Major maintenance, such as cleaning the electrospray 
probe, atmospheric pressure ionization source, cleaning the mass analyzer, 
replacing the LC column, etc., requires recalibration (Sect. 10.2) and verification 
of sensitivity by analyzing a CCC at or below the MRL (Sect. 10.3) 

 
11. PROCEDURE 
 

11.1. This procedure may be performed manually or in an automated mode using a robotic 
or automatic sample preparation device. The data presented in Tables 5-11 
demonstrate data collected by manual extraction. If an automated system is used to 
prepare samples, follow the manufacturer's operating instructions, but all extraction 
and elution steps must be the same as in the manual procedure. Extraction and/or 
elution steps may not be changed or omitted to accommodate the use of an automated 
system. If an automated system is used, the LRBs should be rotated among the ports to 
ensure that all the valves and tubing meet the LRB requirements (Sect. 9.3.1). 
 

11.2. Some of the PFAS adsorb to surfaces, including polypropylene. Therefore, the 
aqueous sample bottles must be rinsed with the elution solvent (Sect. 11.4.4) whether 
extractions are performed manually or by automation. The bottle rinse is passed 
through the cartridge to elute the method analytes and is then collected (Sect. 11.4.4). 

 
NOTE: The SPE cartridges and sample bottles described in this Section are designed 

as single use items and must be discarded after use. They may not be 
refurbished for reuse in subsequent analyses. 

 
11.3. SAMPLE PREPARATION  

 
11.3.1. Samples are preserved, collected and stored as presented in Section 8. All Field 

and QC Samples, including the LRB, LFB and FRB, must contain the 
dechlorinating agent listed in Section 8.1.2. Before extraction, verify that the 
sample pH is 7 ± 0.5. Determine sample volume. An indirect measurement may 
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be done in one of two ways: by marking the level of the sample on the bottle or by 
weighing the sample and bottle to the nearest 1 g. After extraction, proceed to 
Section 11.6 for final volume determination. Some of the PFAS adsorb to 
surfaces, thus the sample volume may NOT be transferred to a graduated cylinder 
for volume measurement. The LRB, LFB and FRB may be prepared by measuring 
250 mL of reagent water with a polypropylene graduated cylinder or filling a 
250-mL sample bottle to near the top. 
 

11.3.2. Add an aliquot of the SUR PDS (Sect. 7.2.2.2) to each sample, cap and invert to 
mix. During method development, a 10-µL aliquot of the 1-4 ng/µL SUR PDS 
(Sect. 7.2.2.2) was added to 250 mL of sample for a final concentration of 
40 ng/L for 13C2-PFHxA, 13C3-HFPO-DA, and 13C2-PFDA and 160 ng/L for d5-
NEtFOSAA. 
 

11.3.3. In addition to the SUR(s) and dechlorination agent, if the sample is an LFB, 
LFSM, or LFSMD, add the necessary amount of analyte PDS (Sect. 7.2.3.2). Cap 
and invert each sample to mix. 

 
11.4. CARTRIDGE SPE PROCEDURE 

  
11.4.1. CARTRIDGE CLEAN-UP AND CONDITIONING – DO NOT allow cartridge 

packing material to go dry during any of the conditioning steps. Rinse each 
cartridge with 15 mL of methanol. Next, rinse each cartridge with 18 mL of 
reagent water, without allowing the water to drop below the top edge of the 
packing. If the cartridge goes dry during the conditioning phase, the conditioning 
must be started over. Add 2-3 mL of reagent water to each cartridge, attach the 
sample transfer tubes (Sect. 6.9.3), turn on the vacuum, and begin adding sample 
to the cartridge. 
 
NOTE: If low recoveries are observed for PFBS and PFHxA during the IDC, 

recoveries may be improved by allowing a one- or two-minute soak time 
after each addition of the methanol and water used in the clean-up and 
conditioning step.  

 
11.4.2. SAMPLE EXTRACTON – Adjust the vacuum so that the approximate flow rate 

is 10-15 mL/min. Do not allow the cartridge to go dry before all the sample has 
passed through.  
 

11.4.3. SAMPLE BOTTLE AND CARTRIDGE RINSE – After the entire sample has 
passed through the cartridge, rinse the sample bottles with two 7.5-mL aliquots of 
reagent water and draw each aliquot through the sample transfer tubes and the 
cartridges. Draw air or nitrogen through the cartridge for 5 min at high vacuum 
(10-15 in. Hg). 
 
NOTE: If empty plastic reservoirs are used in place of the sample transfer 

tubes to pass the samples through the cartridges, these reservoirs 
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must be treated like the transfer tubes. After the entire sample has 
passed through the cartridge, the reservoirs must be rinsed to waste 
with reagent water.  

 
11.4.4. SAMPLE BOTTLE AND CARTRIDGE ELUTION – Turn off and release the 

vacuum. Lift the extraction manifold top and insert a rack with collection tubes 
into the extraction tank to collect the extracts as they are eluted from the 
cartridges. Rinse the sample bottles with 4 mL of methanol and elute the analytes 
from the cartridges by pulling the 4 mL of methanol through the sample transfer 
tubes and the cartridges. Use a low vacuum such that the solvent exits the 
cartridge in a dropwise fashion. Repeat sample bottle rinse and cartridge elution 
with a second 4-mL aliquot of methanol. 
 
NOTE: If low recoveries are observed for PFBS and PFHxA during the IDC, 

recoveries may be improved by allowing a one or two-minute soak time 
after each four  mL addition of the methanol and water used in the clean-
up and conditioning step.  

 
NOTE: If empty plastic reservoirs are used in place of the sample transfer 

tubes to pass the samples through the cartridges, these reservoirs 
must be treated like the transfer tubes. After the reservoirs have 
been rinsed in Section 11.4.3, the elution solvent used to rinse the 
sample bottles must be swirled down the sides of the reservoirs while 
eluting the cartridge to ensure that any method analytes on the 
surface of the reservoirs are transferred to the extract. 

 
11.5. EXTRACT CONCENTRATION – Concentrate the extract to dryness under a gentle 

stream of nitrogen in a heated water bath (60-65 °C) to remove all the water/methanol 
mix. Add the appropriate amount of 96:4% (vol/vol) methanol:water solution and the 
IS PDS (Sect. 7.2.1.2) to the collection vial to bring the volume to 1 mL and vortex. 
(10 µL of the 1-4 ng/µL IS PDS for extract concentrations of 10-40 ng/mL were used 
for method development). Transfer a small aliquot with a plastic pipet (Sect. 6.7) to a 
polypropylene autosampler vial. 

 
NOTE: It is recommended that the entire 1-mL aliquot not be transferred to the 

autosampler vial because the polypropylene autosampler caps do not 
reseal after injection. Therefore, do not store the extracts in the 
autosampler vials as evaporation losses occur in these autosampler vials. 
Extracts can be stored in 15-mL centrifuge tubes (Sect. 6.3). 

 
11.6. SAMPLE VOLUME DETERMINATION – If the level of the sample was marked on 

the sample bottle, use a graduated cylinder to measure the volume of water required to 
fill the original sample bottle to the mark made prior to extraction. Determine to the 
nearest 2 mL. If using weight to determine volume, weigh the empty bottle to the 
nearest 1 g and determine the sample weight by subtraction of the empty bottle weight 
from the original sample weight (Sect. 11.3.1). Assume a sample density of 1.0 g/mL. 
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In either case, the sample volume will be used in the final calculations of the analyte 
concentration (Sect. 12.3). 

 
11.7. EXTRACT ANALYSIS  

 
11.7.1. Establish operating conditions equivalent to those summarized in Tables 1-4 of 

Section 17. Instrument conditions and columns should be optimized prior to the 
initiation of the IDC. 
 

11.7.2. Establish an appropriate retention time window for each analyte. This should be 
based on measurements of actual retention time variation for each method analyte 
in CAL standard solutions analyzed on the LC over the course of time. A value of 
plus or minus three times the standard deviation of the retention time obtained for 
each method analyte while establishing the initial calibration and completing the 
IDC can be used to calculate a suggested window size. However, the experience 
of the analyst should weigh heavily on the determination of the appropriate 
retention window size. 
 

11.7.3. Calibrate the system by either the analysis of a calibration curve (Sect. 10.2) or by 
confirming the initial calibration is still valid by analyzing a CCC as described in 
Section 10.3. If establishing an initial calibration for the first time, complete the 
IDC as described in Section 9.2. 

 
11.7.4. Begin analyzing Field Samples, including QC samples, at their appropriate 

frequency by injecting the same size aliquots (10 µL was used in method 
development), under the same conditions used to analyze the CAL standards.  
 

11.7.5. At the conclusion of data acquisition, use the same software that was used in the 
calibration procedure to identify peaks of interest in predetermined retention time 
windows. Use the data system software to examine the ion abundances of the 
peaks in the chromatogram. Identify an analyte by comparison of its retention 
time with that of the corresponding method analyte peak in a reference standard. 
Comparison of the MS/MS mass spectra is not particularly useful given the 
limited ±0.5 dalton mass range around a single product ion for each method 
analyte. 
 

11.7.6. The analyst must not extrapolate beyond the established calibration range. If an 
analyte peak area exceeds the range of the initial calibration curve, the extract 
may be diluted with 96%:4% (vol/vol) methanol:water solution and the 
appropriate amount of IS added to match the original concentration. Re-inject the 
diluted extract. Incorporate the dilution factor into the final concentration 
calculations. Acceptable SUR performance (Sect. 9.3.5.1) should be determined 
from the undiluted sample extract. The resulting data must be documented as a 
dilution and MRLs adjusted accordingly.  
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12. DATA ANALYSIS AND CALCULATION 
 

12.1. Complete chromatographic resolution is not necessary for accurate and precise 
measurements of analyte concentrations using MS/MS. In validating this method, 
concentrations were calculated by measuring the product ions listed in Table 4. Other 
ions may be selected at the discretion of the analyst. 
 

12.2. Because environmental samples may contain both branched and linear isomers for 
method analytes, but quantitative standards that contain the linear and branched 
isomers do not exist for all method analytes, integration and quantitation of the PFAS 
is dependent on type of standard available for each PFAS. It is recognized that some of 
the procedures described below for integration of standards, QC samples and Field 
Samples may cause a small amount of unavoidable bias in the quantitation of the 
method analytes due to the current state of the commercially available standards. 

 
12.2.1. During method development, multiple chromatographic peaks were observed for 

standards of PFHxS, PFOS, NMeFOSAA, and NEtFOSAA using the LC 
conditions in Table 1 due to chromatographic resolution of the linear and 
branched isomers of these compounds. For PFHxS, PFOS, NMeFOSAA and 
NEtFOSAA, all the chromatographic peaks observed in the standard must be 
integrated and the areas summed. Chromatographic peaks in all Field Samples 
and QC samples must be integrated in the same way as the CAL standard for 
analytes with quantitative standards containing the branched and linear isomers.  

 
12.2.2. For PFOA, identify the branched isomers by analyzing a qualitative standard that 

includes both linear and branched isomers and compare retention times and 
tandem mass spectrometry transitions. Quantitate Field Samples and QC samples 
by integrating the total response (i.e., accounting for peaks that are identified as 
linear and branched isomers) and relying on the initial calibration with a linear-
isomer quantitative PFOA standard. 
 

12.2.3. If standards containing the branched and linear isomers cannot be purchased (i.e., 
only linear isomer is available), only the linear isomer can be identified and 
quantitated in Field Samples and QC samples using the linear standard because 
the retention time of the branched isomers cannot be confirmed. 

 
12.3. Calculate analyte and SUR concentrations using the multipoint calibration as 

described in Section 10.2. Do not use daily calibration verification data to quantitate 
analytes in samples. Adjust final analyte concentrations to reflect the actual sample 
volume determined in Section 11.6.  
 

12.4. Prior to reporting the data, the chromatogram should be reviewed for any incorrect 
peak identification or poor integration. 
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12.5. Calculations must utilize all available digits of precision, but final reported 
concentrations should be rounded to an appropriate number of significant figures (one 
digit of uncertainty), typically two, and not more than three significant figures. 

  
NOTE: Some data in Section 17 of this method are reported with more than two 

significant figures. This is done to better illustrate the method performance. 
 

13. METHOD PERFORMANCE 
  

13.1. PRECISION, ACCURACY, AND MINIMUM REPORTING LEVELS – Tables for 
these data are presented in Section 17. LCMRLs and DLs for each method analyte are 
presented in Table 5. Precision and accuracy are presented for four water matrices: 
reagent water (Table 6); chlorinated (finished) ground water (Table 7); chlorinated 
(finished) surface water (Table 8); and private well water (Table 9). 
 

13.2. SAMPLE STORAGE STABILITY STUDIES – An analyte storage stability study was 
conducted by fortifying the analytes into chlorinated surface water samples that were 
collected, preserved, and stored as described in Section 8. The precision and mean 
recovery (n=4) of analyses, conducted on Days 0, 8, and 14 are presented in Table 10. 
 

13.3. EXTRACT STORAGE STABILITY STUDIES – Extract storage stability studies 
were conducted on extracts obtained from a chlorinated surface water fortified with 
the method analytes. The precision and mean recovery (n=4) of injections conducted 
on Days 0, 8, 14, 22, and 28 are reported in Table 11.  
 

13.4. MULTI-LABORATORY DEMONSTRATION – The performance of this method 
was demonstrated by multiple laboratories, with results similar to those reported in 
Section 17. The authors wish to acknowledge the work of 1) EPA Region 2 in Edison, 
NJ., 2) Eurofins Eaton Analytical, LLC in Monrovia, CA, and 3) New Jersey 
Department of Health in Ewing, NJ. 
 

14. POLLUTION PREVENTION 
 
14.1. This method utilizes SPE to extract analytes from water. It requires the use of very 

small volumes of organic solvent and very small quantities of pure analytes, thereby 
minimizing the potential hazards to both the analyst and the environment as compared 
to the use of large volumes of organic solvents in conventional liquid-liquid 
extractions. 
 

14.2. For information about pollution prevention that may be applicable to laboratory 
operations, consult “Less is Better: Laboratory Chemical Management for Waste 
Reduction” available from the American Chemical Society’s Department of 
Government Relations and Science Policy, 1155 16th Street N.W., Washington, D.C., 
20036 or on-line at http://membership.acs.org/c/ccs/pub_9.htm (accessed August 
2008). 
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15. WASTE MANAGEMENT 
 

The analytical procedures described in this method generate relatively small amounts of 
waste since only small amounts of reagents and solvents are used. The matrices of concern 
are finished drinking water or source water. However, laboratory waste management 
practices must be conducted consistent with all applicable rules and regulations, and that 
laboratories protect the air, water, and land by minimizing and controlling all releases from 
fume hoods and bench operations. Also, compliance is required with any sewage discharge 
permits and regulations, particularly the hazardous waste identification rules and land 
disposal restrictions.  
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17. TABLES, DIAGRAMS, FLOWCHARTS AND VALIDATION DATA 
 

Table 1. LC Method Conditions 

Time (min) % 20 mM ammonium acetate % Methanol 

Initial 60.0 40.0 

1.0 60.0 40.0 

25.0 10.0 90.0 

32.0 10.0 90.0 

32.1 60.0 40.0 

37.0 60.0 40.0 

Waters Atlantis dC18 2.1 x 150 mm packed with 5.0 µm C18 stationary phase 
Flow rate of 0.3 mL/min 

10 µL injection into a 50 µL loop 
 

Table 2. ESI-MS Method Conditions 

ESI Conditions 

Polarity Negative ion 

Capillary needle voltage -3 kV 

Cone gas flow 50 L/hr 

Nitrogen desolvation gas 800 L/hr 

Desolvation gas temp. 350°C 
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Table 3. Method Analytes, Retention Times (RT) and Suggested IS References 

 
Analyte 

Peak #  
(Fig. 1) 

RT 
(min) 

 
IS# Ref 

PFBS 1 7.62 2 
PFHxA 2 10.42 1 
HFPO-DA 4 11.38 1 
PFHpA 6 13.40 1 
PFHxS 7 13.58 2 
ADONA 8 13.73 1 
PFOA 9 15.85 1 
PFOS 11 17.91 2 
PFNA 13 17.92 1 
9Cl-PF3ONS 14 18.91 2 
PFDA 15 19.69 1 
NMeFOSAA 17 20.50 3 
PFUnA 19 21.21 1 
NEtFOSAA 20 21.26 3 
11Cl-PF3OUdS 22 21.84 2 
PFDoA 23 22.52 1 
PFTrDA 24 23.66 1 
PFTA 25 24.64 1 
13C2-PFHxA 3 10.42 1 
13C3-HFPO-DA 5 11.40 1 
13C2-PFDA 16 19.69 1 

d5-NEtFOSAA 21 21.24 3 
13C2-PFOA– IS#1 10 15.85 - 
13C4-PFOS– IS#2 12 17.91 - 

d3-NMeFOSAA–IS#3 18 20.49 - 
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Table 4. MS/MS Method Conditionsa 

Segmentb Analyte Precursor Ion c 
(m/z) 

Product Ionc,d 
(m/z) 

Cone Voltage 
(v) 

Collision Energye 
(v) 

1 PFBSg 299 80 42 30 
1 PFHxA 313 269 14 10 
1 HFPO-DA 285f 169 12 8 
2 PFHpA 363 319 12 10 
2 PFHxSg,h 399 80 46 32 
2 ADONA 377 251 14 12 
3 PFOA 413 369 14 10 
3 PFOSg,h 499 80 52 42 
3 PFNA 463 419 16 12 
4 9Cl-PF3ONS 531 351 34 24 
4 PFDA 513 469 14 10 
4 NMeFOSAAg 570 419 30 20 
4 PFUnA 563 519 12 10 
4 NEtFOSAAg 584 419 30 20 
4 11Cl-PF3OUdS 631 451 40 24 
4 PFDoA 613 569 18 10 
5 PFTrDA 663 619 14 14 
5 PFTA 713 669 14 12 
1 13C2-PFHxA 315 270 16 10 
1 13C3-HFPO-DA 287 169 10 6 
4 13C2-PFDA 515 470 18 10 
4 d5-NEtFOSAA 589 419 28 22 
3 13C2-PFOA 415 370 16 10 
3 13C4-PFOS 503 80 58 42 
4 d3-NMeFOSAA 573 419 28 14 

a An LC/MS/MS chromatogram of the analytes is shown in Figure 1. 
b Segments are time durations in which single or multiple scan events occur. 
c  Precursor and product ions listed in this table are nominal masses. During MS and MS/MS 

optimization, the analyst should determine precursor and product ion masses to one decimal place by 
locating the apex of the mass spectral peak place (e.g., m/z 498.9→79.9 for PFOS). These precursor 
and product ion masses (with at least one decimal place) should be used in the MS/MS method for all 
analyses. 

d  Ions used for quantitation purposes. 
e Argon used as collision gas at a flow rate of 0.15 mL/min. 
f HFPO-DA is not stable in the ESI source and the [M-H]- is not observed under typical ESI 

conditions. The precursor ion used during method development was [M-CO2]-. 
g  Analyte has multiple resolved chromatographic peaks due to linear and branched isomers. All peaks 

summed for quantitation purposes. 
h  To reduce bias regarding detection of branch and linear isomers, the m/z 80 product ion must be used 

for this analyte.  
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Table 5. DLs and LCMRLs in Reagent Water 

Analyte Fortified Conc. (ng/L)a DLb (ng/L) LCMRLc (ng/L) 
PFBS 4.0 1.8 6.3 
PFHxA 4.0 1.0 1.7 
HFPO-DA 4.0 1.9 4.3 
PFHpA 4.0 0.71 0.63 
PFHxS 4.0 1.4 2.4 
ADONA 4.0 0.88 0.55 
PFOA 4.0 0.53 0.82 
PFOS 4.0 1.1 2.7 
PFNA 4.0 0.70 0.83 
9Cl-PF3ONS 4.0 1.4 1.8 
PFDA 4.0 1.6 3.3 
NMeFOSAA 4.0 2.4 4.3 
PFUnA 4.0 1.6 5.2 
NEtFOSAA 4.0 2.8 4.8 
11Cl-PF3OUdS 4.0 1.5 1.5 
PFDoA 4.0 1.2 1.3 
PFTrDA 4.0 0.72 0.53 
PFTA 4.0 1.1 1.2 

a Spiking concentration used to determine DL. 
b Detection limits were determined by analyzing seven replicates over three days according 

to Section 9.2.8. 
c  LCMRLs were calculated according to the procedure in reference 1. 
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Table 6. Precision and Accuracy (n=8) of PFAS in Fortified Reagent Water 

18. Analyte 
Fortified 

Conc. 
(ng/L) 

Mean % 
Recovery % RSD Fortified 

Conc. (ng/L) 
Mean % 
Recovery % RSD 

PFBS 16.0 90.8 6.8 80.0 85.1 6.7 

PFHxA 16.0 101 8.0 80.0 96.5 4.6 

HFPO-DA 16.0 97.8 1.8 80.0 96.8 5.1 

PFHpA 16.0 105 3.3 80.0 104 2.7 

PFHxS 16.0 109 6.7 80.0 107 4.4 

ADONA 16.0 108 1.3 80.0 106 3.6 

PFOA 16.0 106 1.8 80.0 104 3.1 

PFOS 16.0 111 4.7 80.0 107 4.8 

PFNA 16.0 110 2.6 80.0 104 3.6 

9Cl-PF3ONS 16.0 108 8.8 80.0 101 3.8 

PFDA 16.0 111 2.4 80.0 107 3.6 

NMeFOSAA 16.0 104 5.2 80.0 102 5.4 

PFUnA 16.0 107 2.8 80.0 101 1.3 

NEtFOSAA 16.0 97.7 6.8 80.0 101 2.5 

11Cl-PF3OUdS 16.0 109 3.4 80.0 103 6.1 

PFDoA 16.0 101 7.2 80.0 107 3.7 

PFTrDA 16.0 108 2.6 80.0 99.1 3.6 

PFTA 16.0 110 0.9 80.0 97.2 3.6 
13C2-PFHxA 40.0 88.5 6.4 40.0 97.0 4.9 
13C3-HFPO-DA 40.0 94.5 3.2 40.0 101 9.9 
13C2-PFDA 40.0 99.1 3.4 40.0 106 2.7 

d5-NEtFOSAA 160 90.0 2.6 160 99.5 4.8 
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Table 7. Precision and Accuracy (n=4) of PFAS in Tap Watera from a Ground Water 
Source 

19. Analyte Fortified 
Conc. (ng/L) 

Mean % 
Recovery % RSD Fortified 

Conc. (ng/L) 
Mean % 
Recovery % RSD 

PFBS 16.0 104 3.1 80.0 90.2 2.1 
PFHxA 16.0 105 3.5 80.0 91.6 3.9 
HFPO-DA 16.0 99.6 4.0 80.0 90.6 2.9 
PFHpA 16.0 101 3.4 80.0 91.2 4.2 
PFHxS 16.0 110.0 3.3 80.0 93.5 4.8 
ADONA 16.0 104 3.9 80.0 92.2 4.7 
PFOA 16.0 105 2.7 80.0 91.1 4.8 
PFOS 16.0 108 3.3 80.0 93.9 3.8 
PFNA 16.0 105 2.4 80.0 92.4 6.9 
9Cl-PF3ONS 16.0 101 8.1 80.0 92.4 4.9 
PFDA 16.0 102 4.5 80.0 92.5 7.7 
NMeFOSAA 16.0 92.6 7.4 80.0 87.1 9.4 
PFUnA 16.0 104 4.8 80.0 92.8 5.6 
NEtFOSAA 16.0 108 18.4 80.0 94.1 6.7 
11Cl-PF3OUdS 16.0 103 3.4 80.0 95.4 5.4 
PFDoA 16.0 99.4 4.6 80.0 92.0 5.0 
PFTrDA 16.0 98.8 4.1 80.0 93.1 5.9 
PFTA 16.0 102 3.7 80.0 93.9 5.0 
13C2-PFHxA 40.0 97.7 3.4 40.0 87.0 6.2 
13C3-HFPO-DA 40.0 97.2 3.9 40.0 88.8 6.2 
13C2-PFDA 40.0 97.5 5.3 40.0 86.0 10 
d5-NEtFOSAA 160 94.7 8.8 160 80.8 10 

a TOC = 0.53 mg/L and hardness = 377 mg/L measured as calcium carbonate. 
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Table 8. Precision and Accuracy (n=4) Of PFAS in Tap Watera from a Surface Water 
Source 

20. Analyte Fortified 
Conc. (ng/L) 

Mean % 
Recovery % RSD Fortified 

Conc. (ng/L) 
Mean % 
Recovery % RSD 

PFBS 16.0 91.6 3.8 80.0 91.9 7.1 
PFHxA 16.0 92.0 5.5 80.0 99.3 4.0 
HFPO-DA 16.0 88.6 1.3 80.0 102 2.2 
PFHpA 16.0 95.5 3.6 80.0 101 3.3 
PFHxS 16.0 99.1 2.5 80.0 102 0.9 
ADONA 16.0 95.5 2.9 80.0 102 3.5 
PFOA 16.0 97.9 5.2 80.0 98.8 3.9 
PFOS 16.0 93.5 5.9 80.0 101 2.4 
PFNA 16.0 96.4 3.4 80.0 101 2.8 
9Cl-PF3ONS 16.0 93.1 4.6 80.0 102 3.3 
PFDA 16.0 95.3 1.7 80.0 99.2 3.3 
NMeFOSAA 16.0 99.3 7.2 80.0 94.9 4.5 
PFUnA 16.0 99.8 1.7 80.0 100 4.1 
NEtFOSAA 16.0 93.3 8.0 80.0 90.5 3.9 
11Cl-PF3OUdS 16.0 97.6 6.7 80.0 97.5 3.1 
PFDoA 16.0 88.0 1.8 80.0 97.0 2.7 
PFTrDA 16.0 94.7 2.5 80.0 95.5 1.8 
PFTA 16.0 94.1 5.9 80.0 97.8 3.3 
13C2-PFHxA 40.0 86.3 2.8 40.0 90.6 4.1 
13C3-HFPO-DA 40.0 92.9 2.4 40.0 101 1.8 
13C2-PFDA 40.0 89.3 4.3 40.0 95.8 2.2 
d5-NEtFOSAA 160 86.5 5.4 160 83.1 4.4 

a TOC = 2.4 mg/L and hardness = 103 mg/L measured as calcium carbonate. 
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Table 9. Precision and Accuracy (n=4) Of PFAS in Tap Watera from a Private Well 

21. Analyte Fortified Conc. (ng/L) Mean % Recovery % RSD 
PFBS 80.0 99.7 3.1 
PFHxA 80.0 96.3 2.7 
HFPO-DA 80.0 94.2 4.3 
PFHpA 80.0 97.4 1.9 
PFHxS 80.0 99.4 4.0 
ADONA 80.0 98.7 2.8 
PFOA 80.0 97.2 1.5 
PFOS 80.0 100 1.9 
PFNA 80.0 99.4 1.3 
9Cl-PF3ONS 80.0 101 2.2 
PFDA 80.0 98.7 2.3 
NMeFOSAA 80.0 93.2 4.6 
PFUnA 80.0 98.8 1.7 
NEtFOSAA 80.0 94.4 0.6 
11Cl-PF3OUdS 80.0 99.8 2.5 
PFDoA 80.0 99.3 1.9 
PFTrDA 80.0 96.2 1.3 
PFTA 80.0 97.9 1.2 
13C2-PFHxA 40.0 89.9 2.7 
13C3-HFPO-DA 40.0 95.7 5.3 
13C2-PFDA 40.0 92.3 1.8 
d5-NEtFOSAA 160 86.3 4.5 

a TOC = 0.56 mg/L and hardness = 394 mg/L measured as calcium carbonate. 
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Table 10. Aqueous Sample Holding Time Data for Tap Water Samples from a Surface Water Sourcea, Fortified with 
Method Analytes and Preserved and Stored According to Section 8 (n=4) 

Analyte 
Fortified 

Conc. (ng/L) 
Day 0 Mean 
% Recovery 

Day 0 
% RSD 

Day 8 Mean 
% Recovery 

 Day 8 % 
RSD 

Day 14 Mean 
% Recovery 

Day 14 
% RSD 

PFBS 80.0 91.9 7.1 99.4 4.2 93.4 11 
PFHxA 80.0 99.3 4.0 101 5.4 93.4 7.9 
HFPO-DA 80.0 102 2.2 101 5.3 100 11 
PFHpA 80.0 101 3.3 99.2 2.2 101 3.6 
PFHxS 80.0 102 0.9 103 4.0 107 4.5 
ADONA 80.0 102 3.5 102 4.7 101 4.4 
PFOA 80.0 98.8 3.9 99.8 0.63 100 3.5 
PFOS 80.0 101 2.4 101 3.6 106 6.8 
PFNA 80.0 101 2.8 101 0.87 105 4.8 
9Cl-PF3ONS 80.0 102 3.3 100 2.2 102 4.4 
PFDA 80.0 99.2 3.3 99.6 1.6 102 5.5 
NMeFOSAA 80.0 94.9 4.5 98.0 3.5 95.4 7.3 
PFUnA 80.0 100 4.1 101 4.4 100 6.2 
NEtFOSAA 80.0 90.5 3.9 102 5.3 96.5 7.7 
11Cl-PF3OUdS 80.0 97.5 3.1 101 4.5 102 5.5 
PFDoA 80.0 97.0 2.7 98.4 3.5 103 3.8 
PFTrDA 80.0 95.5 1.8 99.5 3.2 99.4 3.8 
PFTA 80.0 97.8 3.3 102 3.2 96.2 2.1 
13C2-PFHxA 40.0 90.6 4.1 93.6 5.5 93.0 8.8 
13C3-HFPO-DA 40.0 101 1.8 101 3.1 91.5 12 
13C2-PFDA 40.0 95.8 2.2 92.6 6.8 104 2.8 
d5-NEtFOSAA 160 83.1 4.4 87.6 2.6 95.2 4.3 

a TOC = 2.4 mg/L and hardness = 103 mg/L measured as calcium carbonate. 
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Table 11. Extract Holding Time Data for Tap Water Samples from a Surface Water Source, Fortified with Method 
Analytes and Preserved and Stored According to Section 8 (n=4) 

Analyte 

Fortified 
Conc. 
(ng/L) 

Day 0 Mean 
% Recovery 

Day 0 % 
RSD 

Day 8 Mean 
% Recovery 

Day 8 % 
RSD 

Day 14 Mean 
% Recovery 

Day 14 
% RSD 

Day 28 Mean 
% Recovery 

Day 28 
% RSD 

PFBS 80.0 91.9 7.1 96.9 5.1 90.6 10 99.4 5.3 
PFHxA 80.0 99.3 4.0 10 1.3 94.1 2.9 105 2.6 
HFPO-DA 80.0 102 2.2 103 1.4 98.7 2.6 103 1.1 
PFHpA 80.0 101 3.3 102 2.9 98.3 1.0 104 3.5 
PFHxS 80.0 102 0.9 105 2.9 99.7 1.8 107 2.5 
ADONA 80.0 102 3.5 104 3.7 98.6 2.5 106 2.5 
PFOA 80.0 98.8 3.9 106 3.7 101 1.8 106 2.8 
PFOS 80.0 101 2.4 102 1.1 103 1.8 109 2.2 
PFNA 80.0 101 2.8 105 1.8 103 2.3 107 2.4 
9Cl-PF3ONS 80.0 102 3.3 99.4 3.1 97.6 2.9 107 2.2 
PFDA 80.0 99.2 3.3 104 1.9 101.2 0.9 107 3.4 
NMeFOSAA 80.0 94.9 4.5 101 3.9 90.5 5.2 105 6.8 
PFUnA 80.0 100 4.1 104 5.5 102 4.2 106 3.0 
NEtFOSAA 80.0 90.5 3.9 104 3.1 93.6 7.7 102 2.9 
11Cl-PF3OUdS 80.0 97.5 3.1 103 1.9 97.3 1.6 108 2.7 
PFDoA 80.0 97.0 2.7 102 3.7 99.8 3.3 106 2.6 
PFTrDA 80.0 95.5 1.8 102 3.0 97.2 1.6 104 3.1 
PFTA 80.0 97.8 3.3 105 4.2 98.8 2.1 108 2.5 
13C2-PFHxA 40.0 90.6 4.1 101 1.2 101 2.6 114 2.1 
13C3-HFPO-DA 40.0 101 1.8 95.5 3.2 96.5 2.7 111 2.5 
13C2-PFDA 40.0 95.8 2.2 100 2.7 109 1.9 124 4.4 
d5-NEtFOSAA 160 83.1 4.4 94.7 1.6 91.4 4.8 113 9.1 



 

537.1-47 

Table 12. Initial Demonstration of Capability Quality Control Requirements 
 

Method 
Reference 

 
Requirement 

 
Specification and Frequency 

 
Acceptance Criteria 

Sect. 9.2.2 Initial Demonstration of 
Low System Background Analyze LRB prior to any other IDC steps. 

Demonstrate that all method analytes are below 1/3 the MRL 
and that possible interferences from extraction media do not 

prevent the identification and quantification of method 
analytes. 

Sect. 9.2.3 Initial Demonstration of 
Precision (IDP) 

Analyze four to seven replicate LFBs fortified near 
the midrange calibration concentration. %RSD must be <20% 

Sect. 9.2.4 

 
Initial Demonstration of 

Accuracy (IDA) 
 

 
Calculate average recovery for replicates used in 

IDP. 
 

Mean recovery ± 30% of true value 

Sect. 9.2.5 Initial Demonstration of 
Peak Asymmetry Factor 

Calculate the peak asymmetry factor using the 
equation in Section 9.3.9 for the first two eluting 

chromatographic peaks in a mid-level CAL 
standard. 

Peak asymmetry factor of 0.8 - 1.5 

Sect. 9.2.6 Minimum Reporting Limit 
(MRL) Confirmation 

Fortify, extract and analyze seven replicate LFBs 
at the proposed MRL concentration. Calculate the 
Mean and the Half Range (HR). Confirm that the 
upper and lower limits for the Prediction Interval 

of Result (Upper PIR, and Lower PIR, 
Sect. 9.2.6.2) meet the recovery criteria. 

Upper PIR ≤ 150% 
 

Lower PIR ≥ 50% 

Sect. 9.2.7 
and 9.3.10 

Quality Control Sample 
(QCS) 

Analyze a standard from a second source, as 
part of IDC. Results must be within 70-130% of true value. 

Sect. 9.2.8 Detection Limit (DL) 
Determination (optional) 

Over a period of three days, prepare a minimum of 
seven replicate LFBs fortified at a concentration 

estimated to be near the DL. Analyze the replicates 
through all steps of the analysis. Calculate the DL 

using the equation in Sect. 9.2.8.1. 

Data from DL replicates are not required to meet method 
precision and accuracy criteria. If the DL replicates are 

fortified at a low enough concentration, it is likely that they 
will not meet precision and accuracy criteria. 

NOTE: Table 12 is intended as an abbreviated summary of QC requirements provided as a convenience to the method user. Because the information has been 
abbreviated to fit the table format, there may be issues that need additional clarification, or areas where important additional information from the method text is 
needed. In all cases, the full text of the QC in Section 9 supersedes any missing or conflicting information in this table. 
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Table 13. Ongoing Quality Control Requirements (Summary) 
 

Method 
Reference 

 
Requirement 

 
Specification and Frequency 

 
Acceptance Criteria 

Sect. 8.1 - 
Sect. 8.5 Sample Holding Time 14 days with appropriate preservation and storage as 

described in Sections 8.1-8.5. 
Sample results are valid only if samples are extracted within the 

sample holding time. 

Sect. 8.5 Extract Holding Time 28 days when stored at room temperature in 
polypropylene centrifuge tubes. 

Extract results are valid only if extracts are analyzed within the 
extract holding time. 

Sect. 9.3.1 Laboratory Reagent Blank 
(LRB) 

One LRB with each extraction batch of up to 20 
samples. 

Demonstrate that all method analytes are below 1/3 the MRL and 
confirm that possible interferences do not prevent quantification of 
method analytes. If targets exceed 1/3 the MRL or if interferences 

are present, results for these subject analytes in the extraction batch 
are invalid. 

Sect. 9.3.3 Laboratory Fortified Blank 
(LFB) 

One LFB is required for each extraction batch of up 
to 20 Field Samples. Rotate the fortified 

concentrations between low, medium and high 
amounts. 

Results of LFB analyses must be 70-130% of the true value for each 
method analyte for all fortified concentrations except the lowest 

CAL point. Results of the LFBs corresponding to the lowest CAL 
point for each method analyte must be 50-150% of the true value. 

Sect. 9.3.4 Internal Standard (IS) 

Internal standards, 13C2-PFOA (IS#1), 13C4-PFOS 
(IS#2), and d3-NMeFOSAA (IS#3), are added to all 

standards and sample extracts, including QC samples. 
Compare IS areas to the average IS area in the initial 

calibration and to the most recent CCC. 

Peak area counts for all ISs in all injections must be within ± 50% of 
the average peak area calculated during the initial calibration and 

70-140% from the most recent CCC. If ISs do not meet this criterion, 
corresponding target results are invalid. 

Sect. 9.3.5 Surrogate Standards 
(SUR) 

Surrogate standards, 13C2-PFHxA, 13C3-HFPO-DA, 
13C2-PFDA, and d5-NEtFOSAA, are added to all CAL 

standards and samples, including QC samples. 
Calculate SUR recoveries. 

SUR recoveries must be 70-130% of the true value. If a SUR fails 
this criterion, report all results for sample as suspect/SUR recovery. 
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Table 13. (Continued) 
 

Method 
Reference 

 
Requirement 

 
Specification and Frequency 

 
Acceptance Criteria 

Sect. 9.3.6 Laboratory Fortified 
Sample Matrix (LFSM) 

Analyze one LFSM per extraction batch (20 
samples or less) fortified with method analytes at a 
concentration close to but greater than the native 

concentration, if known. Calculate LFSM 
recoveries. 

Recoveries at mid and high levels must be within 70-130% 
and within 50-150% at the low-level fortified amount (near 
the MRL). If these criteria are not met, results are labeled 

suspect due to matrix effects. 

Sect. 9.3.7 

Laboratory Fortified 
Sample Matrix Duplicate 

(LFSMD) or 
Field Duplicates (FD) 

Extract and analyze at least one FD or LFSMD 
with each extraction batch (20 samples or less). A 

LFSMD may be substituted for a FD when the 
frequency of detects are low. Calculate RPDs. 

Method analyte RPDs for the LFMD or FD must be 
≤30% at mid and high levels of fortification and ≤50% near 

the MRL. If these criteria are not met, results are labeled 
suspect due to matrix effects. 

Sect. 9.3.8 Field Reagent Blank (FRB) 

Analysis of the FRB is required only if a Field 
Sample contains a method analyte or analytes at or 
above the MRL. The FRB is processed, extracted 

and analyzed in exactly the same manner as a 
Field Sample. 

 If the method analyte(s) found in the Field Sample is present 
in the FRB at a concentration greater than 1/3 the MRL, then 
all samples collected with that FRB are invalid and must be 

recollected and reanalyzed. 

Sect. 9.3.9 Peak Asymmetry Factor 

Calculate the peak asymmetry factor for the first 
two eluting chromatographic peaks in a mid-level 

CAL standard during IDC and when 
chromatographic changes are made that affect 

peak shape. 

Peak asymmetry factor of 0.8 - 1.5 

Sect. 9.3.10 Quality Control Sample 
(QCS) 

Analyze at least quarterly or when preparing new 
standards, as well as during the IDC. Results must be within 70-130% of true value. 

Sect. 10.2 
and Sect. 

9.3.2 
Initial Calibration 

Use IS calibration technique to generate a first or 
second order calibration curve forced through 
zero. Use at least five standard concentrations. 

Check the calibration curve as described in 
Sect. 10.2.4.4. 

When each CAL standard is calculated as an unknown using 
the calibration curve, the analyte and SUR results must be 

70-130% of the true value for all except the lowest standard, 
which must be 50-150% of the true value. Recalibration is 

recommended if these criteria are not met. 

Sect. 9.3.2 
and Sect. 

10.3 

Continuing Calibration 
Check (CCC) 

Verify initial calibration by analyzing a low level 
(at the MRL or below) CCC prior to analyzing 
samples. CCCs are then injected after every 10 

samples and after the last sample, rotating 
concentrations to cover the calibrated range of the 

instrument. 

Recovery for each analyte and SUR must be within 70-130% 
of the true value for all but the lowest level of calibration. 
Recovery for each analyte in the lowest CAL level CCC 

must be within 50-150% of the true value and the SUR must 
be within 70-130% of the true value. 

NOTE: Table 13 is intended as an abbreviated summary of QC requirements provided as a convenience to the method user. Because the information has been 
abbreviated to fit the table format, there may be issues that need additional clarification, or areas where important additional information from the method text 
is needed. In all cases, the full text of the QC in Sections 8-10 supersedes any missing or conflicting information in this table. 
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Figure 1.  Example Chromatogram for Reagent Water Fortified with Method 537.1 Analytes at 80 ng/L. Numbered Peaks are Identified in 
Table 3 
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Con-Test Overview 
CON-TEST Analytical Laboratory, located at 39 Spruce Street, East Longmeadow, MA is a full service 
environmental testing laboratory with capabilities in nearly all soil, air and water analyses.  Con-Test has 
experienced staff and state of the art instrumentation to provide quality analytical services, balancing response 
and prompt turnaround with precise and reliable analyses, ensuring data integrity.   Our value –added service 
includes expertise in technical and customer service which is reflected in a diverse customer base. 

In business since 1984 and privately owned since 1996, Con-Test is staffed with highly experienced core 
management individuals and technically competent and experienced laboratory personnel. Our management 
team has collectively over 105 years of experience in the environmental laboratory industry and have a strong 
client services orientation.  Our department supervisors and lead analysts have over ten years of environmental 
laboratory experience.  Clients rely on Con-Test for defensible data, top-notch customer service, clarity in 
reporting and interpretation and a stringent quality assurance program.  Continual expansions to the laboratory 
add state of the art instrumentation and staff (currently over 124 professionals, 94 FTE) with significant gains in 
capacity, efficiency and capabilities. 

Con-Test holds certifications in Massachusetts, Connecticut, Rhode Island, New Hampshire, New York, New 
Jersey, Maine, Vermont, North Carolina, Virginia, Florida (air) as well as NELAC and American Industrial 
Hygiene Association (AIHA-LAP, LLC, ISO 17025) accreditation. NY is also our primary NELAC certification. 

Our Analytical Programs are Comprehensive & Client Orientated 
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Sales 
Adam Phillips             Tel: 919 451 3370  
Account Executive  Email: Adam.Phillips@contestlabs.com 

Client Services 
Michelle Koch          Tel: 413 525 2332 
Project Manager      Email: Michelle.Koch@contestlabs.com 

Sample Shipments 
- Please follow sample packing instructions on pages 8 of this user guide 
- For Saturday or Sunday delivery please contact your project manager in advance 
- Email Adam Phillips (adam.phillips@contestlabs.com) for custom return Fedex 
shipping labels, he will email them individually. 

Shipping Details 
Con-Test Analytical Laboratory 
Sample Receiving/Bldg 1 
39 Spruce St., East Longmeadow, MA. 01028 
413-525-2332 

WWW.Contestlabs.com 

mailto:Adam.Phillips@contestlabs.com
mailto:Michelle.Koch@contestlabs.com
mailto:adam.phillips@contestlabs.com
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EPA 537.1 
Determination of Selected Per-and Poly-Fluorinated Alkyl Acids (PFAS) by Solid Phase 

Extraction & Liquid Chromatography/Tandem Mass Spectrometry (LC/MS/MS) 

Matrix: Drinking water 

Media: 2-250mL Plastic Containers per sample, 1-250mL empty plastic container and 1-250mL plastic container 
filled with DI per sampling event 

Holding Time: 14 days until extraction; 28 days after extraction 

Preservation: Trizma©. Cool to at or below 10⁰C 

Analytical Method: Liquid Chromatography in tandem with Triple Quad Mass Spectrometry (LC/MS/MS) 

Standard Reporting Limit: 2.0 ng/L 

Code: PFAS 537.1 

Scope of Method: This method includes the qualitative and quantitative analysis of a select PFAS compounds 
in drinking water specifically by utilizing SPE Extraction followed by analysis using LC/MS/MS and an internal 
standard technique. 

Compound List 
The following compounds can be analyzed for: 

ANALYTE(S) 

 Hexafluoropropylene oxide dimer acid (GenX)                 

N-ethyl perfluorooctanesulfonamidoacetic acid 

N-methyl perfluorooctanesulfonamidoactic acid 

Perfluorobutanesulfonic acid 

Perfluorodecanoic acid 

Perfluorododecanoic  acid 

Perfluoroheptanoic acid 

Perfluorohexanesulfonic acid

 Perfluorohexanoic acid 

Perfluorononanoic acid 

Perfluorooctanesulfonic acid

 Perfluorooctanoic acid

 Perfluorotetradecanoic  acid 

Perfluorotridecanoic  acid 

Perfluoroundecanoic  acid 

11Cl-PF3OUdS 

9Cl-PF3ONS 

4,8-dioxa-3H-perfluorononanoic acid 

ACRONYMN 

HFPO-DA 

NETfOSAA 

NMeFOSAA 

PFBS 

PFDA 

PFD0A 

PFHpA 

PFHxS 

PFHxA 

PFNA 

PFOS 

PFOA 

PFTA 

PFTrDA 

PFUnA 

F53B Major 

F53B Minor  

ADONA

RL(NG/L) 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

  2.0 

  2.0 

  2.0 
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7-Day 10-Day # of Containers

Company Name: Due Date: 2 Preservation Code

Address: 3 Container Code

Phone: 1-Day 3-Day Dissolved Metals Samples

Project Name: 2-Day 4-Day         Field Filtered

Project Location:         Lab to Filter

Project Number: Format: PDF EXCEL

Project Manager: Other: Orthophosphate Samples

Con-Test Quote Name/Number: CLP Like Data Pkg Required:         Field Filtered

Invoice Recipient: Email To:         Lab to Filter

Sampled By: Fax To #: 

Con-Test
Work Order#

Beginning 
Date/Time

Ending 
Date/Time

Composite      Grab
1Matrix 
Code

Conc 
Code

Comments:

Relinquished by: (signature) Date/Time:

Received by: (signature) Date/Time:

Relinquished by: (signature) Date/Time:

Received by: (signature) Date/Time: Other:

Relinquished by: (signature) Date/Time: Project Entity Other

Chromatogram

Received by: (signature) Date/Time: AIHA-LAP,LLCGovernment

Data Delivery

S.C. Dept. of Health & 
Environmental Control 

(SC DHEC)

NELAC and AIHA-LAP, LLC Accredited

Other:

http://www.contestlabs.com

Phone: 413-525-2332

Email: info@contestlabs.com

SC DHEC - CHAIN OF CUSTODY RECORD 

Requested Turnaround Time

Rush-Approval Required

Fax: 413-525-6405

Standard 537.1

DHEC PFAS Contract

Additional Notes:

South Carolina Detection Limit Requirements

Client Sample ID / Description

Please use the following codes to indicate possible sample concentration 
within the Conc Code column above: 

H - High; M - Medium; L - Low;  C - Clean;  U - Unknown 3 Container Codes:
A = Amber Glass
G = Glass
P = Plastic
ST = Sterile
V = Vial
S = Summa Canister
T = Tedlar Bag
O = Other (please
define) 
____________

2 Preservation Codes:
I = Iced
H = HCL
M = Methanol
N = Nitric Acid
S = Sulfuric Acid
B = Sodium Bisulfate
X = Sodium Hydroxide
T = Sodium 
Thiosulfate
O = Other (please 
define) 
_____________

39 Spruce Street
East Longmeadow, MA 01028

Page _____ of _____

Program Information

ANALYSIS REQUESTED

http://www.contestlabs.com/
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PFAS SAMPLING INSTRUCTIONS 
for Drinking Water

All sampling events will receive multiple 250mL polypropylene(PP) containers with wide screw caps, 
nitrile gloves, and a Chain of Custody form. There will also be a container filled with DI water to act as 
a Field Blank for each sampling event. When Drinking water is to be tested, each sample container will 
contain ~1.25 grams of the preservative Trizma®. After collection (see below), the samples should be 
cooled down to below 10°C prior to packing and shipment to the laboratory.

NOTES:

• When sampling, be sure to keep the area free of aluminum foil, Teflon, permanent marker, and
scotch guard; as these can contaminate the samples with the target analytes

• Sample holding times are 14 days from the time of collection, please be aware of this when
sampling, in order to make sure shipment and testing are able to happen within that time frame.

SAMPLE COLLECTION FOR DRINKING WATER:

• Remove any aeration or purification device from the collection area (if present)

• Turn water on to full flow for 5 minutes, this allows the system to be flushed

• During this time is a good chance to label the sample containers. Two containers are to be
collected at each sample site. One acts as a backup and both should be labeled with the exact
same information.

• After 5 minutes, turn the water pressure down to avoid splashing during collection

• Put on the gloves included with the sampling kit.

• Without touching the rim, carefully open the container containing the DI water and pour into one of
the sample containers (to be labeled “Field Blank”). Discard the now empty container.

• There should be no containers returning with the label “DI Water for Field Reagent Blank”.

• Without touching the rim, open a sample container and hold under the water flow until almost full
(there is a seam line at the top of the container, the water should reach just over that level). Do not
overfill, as this will cause loss of the preservative and potentially affect the results.

• Without touching the rim of the container, carefully screw the top back on tightly and agitate the
container to dissolve the Trizma®.

• Repeat with the second sampling container

• Make sure each sample label has the sample name, source, date and time clearly written.

• The Chain of Custody form should have the same information as the labels

• Refrigerate down to 10°C, then pack into ice cooler for shipment

• All bottles to be returned should be repackaged in the same bag they were recieved in or the
smaller bags, if provided.
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• Confirm that a PFAS-free water source is used for
decontamination and drilling fluids. This is particularly
important when working in a municipality where the public
water supply may be affected.

• Utilize field blanks, equipment rinsate blanks and trip
blanks to assess data quality and notify project staff of
potential cross-contamination or false positives.

• Triple-rinse sampling tools and sampling equipment with
distilled water following decontamination procedures.

• Use only PFAS-free materials when working on a PFAS
site, such as high density polyethylene (HDPE) or
polypropylene. When necessary, contact vendors for
certification that materials are PFAS-free.

• Wash hands frequently and don a new pair of nitrile gloves
between samples, after coming in contact with suspected
PFAS-containing materials, between sample locations and
immediately before collecting samples for PFAS analysis.

• Utilize written Standard Operating Procedures or project
work plans to clearly identify precautions to be taken by
field personnel when sampling for PFAS.

• Use HDPE sample containers unless specifically instructed
otherwise by the project laboratory.

The following activities may impact sample integrity and 
could potentially result in sample contamination and the 
occurrence of false-positives:

• Do not use any materials that contain Teflon™ — a material
known to contain PFAS.

• Do not allow food on sitae. Many common food packaging
items could potentially contain or have been treated with
PFAS or similar compounds.

• Do not wear clothing or boots that have been treated to
be water-resistant. If sampling in the rain, PVC rain gear
may be used.

• Do not use water-resistant paper, labels, self-sticking
notes, aluminum foil, or blue-gel ice packs as these
products have the potential to contain or be coated with
PFAS or similar compounds.

• Do not use Tyvek.

DO

DON’T
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COOLER PACKING & SAMPLE RETURN INSTRUCTIONS 

 

 
Picture 4 

• Each PFAS sampling kit will arrive in a sealed ziplock bag. 
The bag will contain instructions on how to collect your 
sample, a chain of custody, two containers with trizma 
preservative (one container marked FB1, filled with DI water 
to act as a Field Blank, and an additional trizma preserved 
container marked FB2). There will also be 2 sets of 
protective gloves, and an additional ziplock bag to place 
your field blank in after collection. Please see pictures 1 and 
2 for reference. 

• Follow the sampling instructions to collect your sample. 
Package your samples as shown in picture 3 when preparing 
for return shipment. 

• To return samples to Con-Test, please use the cooler(s) 
provided. 

• 1) Place the provided large and heavy plastic bag in the 
cooler, referred to as cooler liner (as shown in picture 4). 

• 2) Place containers upright in the individually bagged kits 
(in sealed ziplock bag provided) as shown in picture 5, 
making sure the ziplock bags are closed to prevent water 
from getting in the bag. 

• When liner is loaded, please fill the remainder of cooler 
space with loose ice. Squeeze out any excess air from the 
liner and tie or secure the bag shut, as shown in picture 6. 

• Place the completed and relinquished COC in a sealed 
ziplock bag and tape it to the lid of the cooler to keep it dry 
during transit (as shown in picture 7). 

• Using packing tape, wrap completely around each end of the 
cooler to keep lid shut during shipment, then place Fedex 
return shipping label on top of cooler. 

 

   

Picture 5 

 Picture 6 Picture 7 
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537 (Perfluorinated Compounds)  
 Sampling Instructions   

Sampling Instruction No. 48 
Revision Date: 07/25/18 

Page 1 of 2 

 
1. WHEN SAMPLING, BRING ICE IN SEALED BAGS TO CHILL SAMPLES DURING SAMPLE COLLECTION. 
   
2. The sampler will receive the following sample kit from our lab: 

Bottle Label # of 
Bottles Size Bottle Preservative 

@537 3 275mL Polypropylene (PP) bottles with PP 
screw-caps (no round label on bottle) 

1.4g of Trizma 

@537 TB 1 275mL PP bottles with PP screw-caps (white
round label on bottle) 

1.4g of Trizma 

@537 FB 1 275mL PP bottles with PP screw-caps (blue
round label on bottle) 

None 

* The sampler will receive the Trip Blank (TB) filled with water and preservative. It is colored in the picture to indicate 
the bottle is filled (not empty) for picture purposes only. **The sampler will also receive an empty bottle labeled @537 
FB (Field Blank) and 3 sets of preserved bottles. 

 

   

3. Put on nitrile gloves. While at the site, before collecting samples, open the @537 TB 
labeled bottle containing the preserved reagent water. 

   

4. Pour the preserved reagent water into the empty bottle labeled (@537 FB)  
 
 

Cap both the filled @537 FB and the now empty TB bottle. Ship the filled FB and the now 
empty @537 TB bottle back to the lab along with the samples. 

  

5.  If sampling from faucet, remove the aerator and screen. 

   

6. Open the tap and let the water of the sample source run at fast flow for approximately 5 
minutes. 

   

7. Use indelible ink (pen included in kit) to clearly identify the sample bottles with the 
information listed below. 

-Sample ID -Date and Time of collection 
-Source of sample, if not already on label -Preservative used, if not already on label 
-Analysis required, if not already on label  

 

8. Slow water flow to thickness of a pencil (to minimize splashing) and fill bottle. 



 

537 (Perfluorinated Compounds)  
 Sampling Instructions   

Sampling Instruction No. 48 
Revision Date: 07/25/18 

Page 2 of 2 

 
   

9. Fill sample bottle up to bottom of neck, taking care not to flush out preservatives and 
making sure the mouth of the bottle does not come in contact with anything other than 
sample water. 

   

10. Cap and invert the bottles at least 5 times to mix the sample with the preservative. 
 
 

11. Collect sample for the other 2 sample bottles by repeating steps 8 to 10.  
  
SHIPPING SAMPLES AND STORAGE 
1. If shipping samples on the same day of sampling, chill samples until at or below 10°C by exchanging the ice used 

during sampling with sealed bags of fresh ice. 
2. Pack chilled samples in a cooler and add enough FRESH wet ice to take up 30-50% of the cooler (e.g. most of the 

remaining space) as recommended in our “Wet Ice Packing Instructions.” 
3. Complete the Chain of Custody during sample collection. Place completed Kit Order and completed Chain of Custody 

in a ziplock bag in the cooler on top of packing material. The following information is required on the completed Chain 
of Custody. 

- Collector’s name -Date and time of collection 
-Unique field sample ID  -Comments about the sample, if applicable 
 -Sample type (Sample, TB, or FB) 

 

4. Ship via overnight service such as FEDEX, UPS, or DHL, etc. Sample must not exceed 10˚C during transit. 
5. Samples MUST arrive at lab within 48 hours of sampling at or less than 10˚C, greater than 0˚C (not frozen). 
6. If samples are received more than 48 hours after sampling they must be at or less than 6˚C, greater than 0˚C 

(not frozen). 
7. If samples are received on the same day as collection, temperature may be greater than 10˚C with evidence of cooling 

such as ice. 
8. Maximum HOLDING TIME FOR SAMPLES IS 14 DAYS from time of collection. Sample extracts can be held for a 

maximum of 28 days. 
9. Alternatively, cool the samples down by placing them overnight in a cooler with ice, or in a refrigerator (store chilled for 

at least 12 hours before packing for shipment). Maintain the samples cold until repacked in the cooler for shipment to 
the lab. 

  
ADDITIONAL NOTES 
1. Do not composite (i.e., combine, mix or blend) samples. 
2. Avoid handling potential contamination such as food packaging and certain foods and beverages before sample collection. Wash 

hands before sampling and wear powderless nitrile gloves (included in kit) while filling and sealing the sample bottles. 
3. Collect samples early enough in the day to allow adequate time to cool and to send those samples for overnight delivery to the 

laboratory, if not refrigerated and stored overnight before shipping. 
4. Try to collect only on a Monday, Tuesday or Wednesday and ship no later than Thursday of each week, and try to NOT collect 

samples on Friday, Saturday, or Sunday unless special arrangements have been made for the receipt of samples at the laboratory 
within 48-hours of collection. 

5. If shipping to the laboratory with frozen gel packs rather than wet ice, please be sure that the gel packs have been 
frozen for at least 48 hours prior to the shipment time. 

6. If in doubt, please review our YouTube sampling video at http://www.youtube.com/user/EurofinsEaton. 
 



Appendix E – Laboratory Qualification Information 

















































































































































































































































































































































































































SAP

 State of South Carolina 

 Request for Quote 

 Solicitation: 

 Date Issued: 

    Procurement Officer: 

Phone: 

E-Mail Address:

 5400019500 

 March 12, 2020 

E. Madison Winslow

803-898-3487

winsloem@dhec.sc.gov

DESCRIPTION:  EPA Method 533 for Per-and Polyfluoroalkyl Substances (PFAS) Analysis   

 USING GOVERNMENTAL UNIT:  South Carolina Department of Health and Environmental Control 

The Term "Offer" Means Your "Bid" or "Proposal". See "Submitting Your Paper Offer or Modification" provision. 

SUBMIT YOUR OFFER ONLINE AT THE FOLLOWING URL: http://www.procurement.sc.gov 

(See Page 3 and 4 for Instructions) 

By e-mail to winsloem@dhec.sc.gov  

 SUBMIT OFFER BY (Opening Date/Time):  March 27, 2020/2:30 pm ET    (See "Deadline For Submission Of Offer" provision) 

 QUESTIONS MUST BE RECEIVED BY:   March 19, 2020/2:30 pm ET         (See "Questions From Offerors" provision)  

 NUMBER OF COPIES TO BE SUBMITTED:  See Page 3 for Instructions 

 CONFERENCE TYPE: N/A 

 DATE & TIME: N/A 

 (As appropriate, see "Conferences - Pre-Bid/Proposal" & "Site Visit" provisions)

 LOCATION: N/A 

 AWARD & 

AMENDMENTS 
Award will be posted on March 30, 2020. The award, this solicitation, any amendments, and any 

related notices will be posted at the following web address: http://www.procurement.sc.gov  

You must submit a signed copy of this form with Your Offer. By signing, You agree to be bound by the terms of the Solicitation. You agree to hold 
Your Offer open for a minimum of thirty (30) calendar days after the Opening Date.   (See "Signing Your Offer" provision.) 

 NAME OF OFFEROR 

 (full legal name of business submitting the offer)

Any award issued will be issued to, and the contract will be formed with, 

the entity identified as the Offeror. The entity named as the offeror must be 

a single and distinct legal entity. Do not use the name of a branch office or 
a division of a larger entity if the branch or division is not a separate legal 

entity, i.e., a separate corporation, partnership, sole proprietorship, etc.

 AUTHORIZED SIGNATURE 

 (Person must be authorized to submit binding offer to contract on behalf of Offeror.)

DATE SIGNED 

 TITLE 

 (business title of person signing above)

 STATE VENDOR NO. 

 (Register to Obtain S.C. Vendor No. at www.procurement.sc.gov)

 PRINTED NAME 

 (printed name of person signing above)

 STATE OF INCORPORATION 

 (If you are a corporation, identify the state of incorporation.)

OFFEROR'S TYPE OF ENTITY: (Check one) (See "Signing Your Offer" provision.)  

 ___ Sole Proprietorship ___ Partnership ___ Other_____________________________

 ___ Corporate entity (not tax-exempt) ___ Corporation (tax-exempt) ___ Government entity (federal, state, or local)

COVER PAGE – ON-LINE ONLY (MAR. 2015)

Eurofins Eaton Analytical, LLC

3/27/2020

President 7000233321

John Cosgrove, PHD Delaware

X

1
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http://www.procurement.sc.gov/
mailto:winsloem@dhec.sc.gov
http://www.procurement.sc.gov/
http://www.procurement.sc.gov/


SAP

SAP

 PAGE TWO 
 (Return Page Two with Your Offer) 

HOME OFFICE ADDRESS (Address for offeror's home office / 

principal place of business)

NOTICE ADDRESS (Address to which all procurement and contract 

related notices should be sent.) (See "Notice" clause)

_________________________________________________ 
Area Code - Number - Extension Facsimile

_________________________________________________ 

E-mail Address

 PAYMENT ADDRESS (Address to which payments will be sent.) 

(See "Payment" clause)

____Payment Address same as Home Office Address

____Payment Address same as Notice Address   (check only one)

ORDER ADDRESS (Address to which purchase orders will be sent) 

(See "Purchase Orders and "Contract Documents" clauses)

____Order Address same as Home Office Address

____Order Address same as Notice Address   (check only one)

 ACKNOWLEDGMENT OF AMENDMENTS 
Offerors acknowledges receipt of amendments by indicating amendment number and its date of issue. (See "Amendments to Solicitation" Provision)

Amendment No. Amendment Issue 
Date

Amendment No. Amendment Issue 
Date

Amendment No. Amendment Issue 
Date

Amendment No. Amendment Issue 
Date

 DISCOUNT FOR 

PROMPT PAYMENT 
(See "Discount for Prompt 

Payment" clause)

10 Calendar Days (%) 20 Calendar Days (%) 30 Calendar Days (%) _____Calendar Days (%)

 PREFERENCES - A NOTICE TO VENDORS (SEP. 2009): On June 16, 2009, the South Carolina General Assembly 

rewrote the law governing preferences available to in-state vendors, vendors using in-state subcontractors, and vendors 

selling in-state or US end products. This law appears in Section 11-35-1524 of the South Carolina Code of Laws. A 

summary of the new preferences is available at www.procurement.sc.gov/preferences.  ALL THE PREFERENCES 

MUST BE CLAIMED AND ARE APPLIED BY LINE ITEM, REGARDLESS OF WHETHER AWARD IS MADE BY 

ITEM OR LOT. VENDORS ARE CAUTIONED TO CAREFULLY REVIEW THE STATUTE BEFORE 

CLAIMING ANY PREFERENCES. THE REQUIREMENTS TO QUALIFY HAVE CHANGED. IF YOU 

REQUEST A PREFERENCE, YOU ARE CERTIFYING THAT YOUR OFFER QUALIFIES FOR THE 

PREFERENCE YOU'VE CLAIMED. IMPROPERLY REQUESTING A PREFERENCE CAN HAVE SERIOUS 

CONSEQUENCES.  [11-35-1524(E)(4)&(6)] 

 PREFERENCES - ADDRESS AND PHONE OF IN-STATE OFFICE: Please provide the address and phone number for 

your in-state office in the space provided below. An in-state office is necessary to claim either the Resident Vendor 

Preference (11-35-1524(C)(1)(i)&(ii)) or the Resident Contractor Preference (11-35-1524(C)(1)(iii)). Accordingly, you 

must provide this information to qualify for the preference. An in-state office is not required, but can be beneficial, if you 

are claiming the Resident Subcontractor Preference (11-35-1524(D)). 

____In-State Office Address same as Home Office Address  ____In-State Office Address same as Notice Address   (check only one)

 PAGE TWO (SEP 2009)  End of PAGE TWO 

Eurofins Eaton Analytical, LLC 
110 South Hill Street
South Bend, IN 46617

Eurofins Eaton Analytical, LLC 
110 South Hill Street
South Bend, IN 46617

574-233-4777

JosephMattheis@EurofinsUS.com

Eurofins Eaton Analytical, LLC 
PO Box 95362
Grapevine, TX 76099-9733

X

1 3/20/2020

NA

2
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            March 27, 2020 

E. Madison Winslow
South Carolina Department of Health and Environmental Control
Attn: Procurement Services Division
301 Gervais Street, 4th Floor
Columbia SC 29201-3073

RE: Solicitation 5400019500 EPA Method 533 for Per-and Polyfluoroalkyl Substances (PFAS) 
Analysis 

Dear E. Madison Winslow: 

Eurofins Eaton Analytical, LLC (Eurofins) is pleased to submit a response to the SC DHEC for EPA Method 
533 for Per-and Polyfluoroalkyl Substances (PFAS) Analysis. Eurofins is a full-service water quality testing 
laboratory that is ISO 17025 & TNI accredited to perform water quality compliance analysis in all 50 states. 
Specific to this project are our EPA Method 533 TNI certification through the State of Utah and Method 
533 certification in the State of Arizona. Both are attached along with other relevant certifications. We 
have over 100,000 combined square feet of laboratory space and 200 qualified staff at our East and West 
coast laboratories and service centers. 

Critical to the success of the contract laboratory in support of your Laboratory Testing needs are: 

• Capacity: Our Monrovia, CA lab can process 600 Method 533 samples per month.
Our South Bend, IN lab can process 350 Method 533 Samples per month.

• Redundancy: In light of the Covid-19 pandemic and the timing relative to the project time line
ending June 30, 2020, Eurofins is uniquely capable to support SC-DHEC and the project
requirements. Affiliated Eurofins Laboratories throughout the US add additional redundantly
qualified capacity of ~ 1,000 samples per month.

• Single Source Solution: Eurofins will provide a clear contact chain with backup and project
continuity the focus.

• Technical Expertise: Eurofins is the recognized expert in water quality analysis.  Staff are
involved at the Federal level serving in stakeholder, author and contributor roles in the
development of analytical methods, regulatory monitoring requirements and compliance data
assessment.

• Inclusive pricing: On January 30, 2020, DHEC published “Strategy to Assess the Impact of Per-
and Polyfluoroalkyl Substances on Drinking Water in South Carolina”. Based on the priorities
described, the initial sample locations will emphasize sites with higher probability of PFAS impacts.
This will likely increase the frequency of analyses of Field Reagent Blanks as required in Method
533. Eurofins per sample pricing includes the cost of the analyses of Field Reagent Blanks as
specified in the Method and the Solicitation and subsequent Addendum.

3



We are grateful for the opportunity to provide the South Carolina Department of Health and Environmental 
Control with firm, fixed pricing for its water testing requirements.  We appreciate the opportunity to provide 
the enclosed bid response for Per-and Polyfluoroalkyl Substances (PFAS) Analysis contract and welcome 
questions as appropriate. 

Respectfully submitted, 
Eurofins Eaton Analytical, LLC 

John Cosgrove, PhD 
President – Authorized Signature 
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BUSINESS PROFILE 
 
GENERAL INFORMATION 

Company Name:  Eurofins Eaton Analytical, LLC (Eurofins) 
 

Years in Business:  50 
 

Main Contact Person:  Joe Mattheis, Account Manager  
JosephMattheis@EurofinsUS.com 
P:  (919) 376-7978 

 
Authorized Representative to conduct contract negotiations: 

     John Cosgrove, President 
     JohnCosgrove@EurofinsUS.com 
     P:  (626) 386-1100 
 

Full Mailing Address:             750 Royal Oaks Drive, Suite 100 , Monrovia, CA 91016 
    P: (626) 386-1100 

 
Number of Full Time Employees:  >200 

 
Fed Tax ID:    46-0565341 

 
QUALIFICATIONS OVERVIEW 
Eurofins is the largest potable water focused commercial laboratory in the United States, serving more 
than 1000 clients across the U.S. and in more than 100 foreign countries.  We are a full service 
environmental testing laboratory certified in 50 states and territories under the Safe Drinking Water Act 
and/or the National Environmental Laboratory Accreditation Program (TNI).  We routinely analyze over 200 
individual water quality parameters for water 
and analyses according to 40CFR 141 and 
other acceptable test methodologies.  Our firm 
routinely spends up to $1 million per year on 
lab equipment to remain the leader in water-
quality related testing.  Major clients include 
public and private water utilities, municipalities 
and county governments, multi-nationals, state 
governments, industry associations, and the US 
EPA.  Our strengths are regulatory knowledge, 
a strong quality assurance program, methods development, and a dedication to client service. Eurofins has 
a long history with PFAS testing that includes our two primary laboratories providing ~ 40% of US Method 
537 analyses during the Third Unregulated Monitoring Rule (UCMR3). 
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FACILITIES 
 
Eurofins Eaton Analytical’s combined 100,000 square feet of full-service water testing laboratories are 
located in Monrovia, CA and South Bend, IN.   

 
Eurofins Eaton Analytical Eurofins Eaton Analytical 
750 Royal Oaks Drive, Suite 100   110 South Hill Street  
Monrovia, CA 91016     South Bend, IN 46617 
800-566-5227 800-332-4345 

 
 
 
 
 
 
 
 
 
 
 

Eurofins has been in operation in since 1969 and has a proud and successful history serving the water 
industry with high quality, reliable and efficient water quality services. Our staff is actively involved in 
regulatory program development and analytical methods. Highlights include: 
 

• EPA contractor for the National Pesticide Survey (1987-88). 
• Information Collection Rule accredited laboratory (1997-99). 
• EPA contractor for UCMR1 (2001-05), UCMR2 (2008-10) and UCMR3 (2013-2015) 
• EPA 314 method Co-Author for Perchlorate 
• WaterRF 4167 (Methods for PPCP analysis) Co-Principal Investigator 
• Federal contract laboratory for USGS, USBR and US Armed Forces 
• State contract laboratory for AR, AS, AZ, DE, GU, ID, MN, MS, NJ, NV and UT 
• PFAS EPA Method validator for EPA 537 and EPA 533 

 
CAPABILITY TO MANAGE AND PERFORM SERVICES 
 
Eurofins Eaton Analytical has been analyzing PFAS for over 10 years which includes the initial EPA PFAS 
data collection and analysis when the two labs provided ~ 40% of US Method 537 analyses during the 
Third Unregulated Monitoring Rule (UCMR3). Existing national occurrence data for PFOS, PFOA and other 
PFAS are based on results from EPA’s UCMR3 program which was a national data gathering effort of 
public water systems in 2013-15.  
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Eurofins employs over 200 professionals dedicated to water testing, the largest analytical resource for 
water quality analyses in the country. The State of South Carolina will benefit from the assignment of staff 
with decades of experience that will provide seamless service from bottle kit delivery to report uploading 
and communications during routine and special circumstances 
 
The combined expertise of our staff exceeds 300 years, more than any other commercial testing laboratory 
in the US.  Our staff tenure and stability is also an accomplishment rarely seen within the laboratory 
industry as well. We possess the analytical capabilities, highly trained technical staff, and capacity to 
produce high quality, on-time data for the SC DHEC. 
 
Eurofins has the advantage of access a network of laboratories (Eurofins Eaton Analytical’s two facilities 
and Eurofins Lancaster Laboratories Environmental) that can easily analyze the number of samples 
expected from South Carolina for this contract with a monthly capacity of 950 samples at Standard 
turnaround time. Our South Bend, IN lab can process 350 Method 533 samples per month. Our 
Monrovia, CA lab can process 600 Method 533 Samples per month. Combined we have dedicated 
10+ instruments as well as our experienced staff are more than adequate to accommodate South Carolina 
volume of samples while also meeting your standard and rush TAT requests. In addition, we are actively 
working to double our PFAS instrumentation as well as the staff, laboratory space and management 
needed to support them.  
 
In light of the Covid-19 pandemic and the timing relative to the project time line ending June 30, 2020 we 
bring redundancy to the project to ensure project continuity. Eurofins is uniquely capable to support SC-
DHEC and the project requirements. Affiliated Eurofins Laboratories throughout the US add additional 
redundantly qualified capacity of ~ 1,000 samples per month. Should a worst case scenario arise at one of 
our primary labs, we can respond, adjust and deliver. 
 
Eurofins’ vast capacity, expertise, and customer service specialists encourage ease of use and one-stop-
shopping for South Carolina as seen in the staffing below: 
 
STAFFING 
Dr. John Cosgrove, President, has the responsibility in ensuring the operational efficiency and accuracy 
of laboratory procedures, cost analysis, overhead control, marketing, and project management across all 
lab facilities.  John has over 25 years of experience in the laboratory services industry. He earned his PhD 
from the University of Nottingham, England; Masters of Science from the University of Edinburgh, Scotland 
and Bachelors of Science from Kings College, University of London.  
 
Matthew Hartz, Laboratory Director of the South Bend Laboratory, has over 28 years of environmental 
laboratory experience and oversees the day-to-day operational and customer service activities, ensuring 
that adequate resources are available to fulfill the obligations of the Drinking Water Laboratory located in 
South Bend, IN.  He holds a BS in Biology with a minor in Chemistry from Central Michigan University.   
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Fred Haley, Laboratory Director of the Monrovia Laboratory, responsible for overall laboratory 
operation and performance.  He has over 30 years of experience as a Chemist, Field Chemist, Project 
Manager, Laboratory Director, and VP of Operations. Mr. Haley holds a BS degree in Chemistry from 
California Polytechnic State University Pomona. 
 
Dr. Yongtao (Bruce) Li, Technical Director, has over 31 years of experience in water research, specialty 
testing, treatability testing, and analytical services. He is a recognized scientist and invited critical reviewer 
of manuscripts for over a dozen of peer-reviewed analytical journals and has authored/coauthored over 30 
peer-reviewed research articles, 50 conference publications, and 70 standard operating protocols. Dr. Li 
ensures that staff members receive adequate training and certifies that analysts are competent to perform 
designated methods.  He ensures consistency and technical accuracy of Standard Operating Procedures 
for analytical methods.  Dr. Li is also responsible for overseeing research and development activities, as 
well as instrument utilization and method optimization.  Dr. Li earned his BS and MS in Chemistry from 
Northeast Normal University in Changchun, China and earned his Ph.D. degree in analytical chemistry from 
Southern Illinois University at Carbondale. 
 
Nathan Trowbridge, Client Services Manager of the South Bend Laboratory, has over 27 years of 
environmental laboratory experience and oversees the day-to-day activities of customer-facing staff.  Mr. 
Trowbridge is responsible for ensuring that the service needs of our clients are met through the supervision 
of our project management staff in South Bend.  He has direct access to all levels of laboratory 
management to ensure that adequate resources are available to meet the requirements of all client 
projects.  He holds a BS in Chemistry and Biology from Valparaiso University.   
 
Kasey Riley, Client Services Manager of Monrovia Laboratory, has over 15 years of experience as a 
microbiologist and Project Manager helping clients with drinking water and wastewater. Ms. Raley is 
uniquely positioned to be an Analytical Services Manager. As a Microbiology Supervisor and Principal 
Analyst for EPA Method 1623, she has hands on experience in all areas of the microbiology laboratory. As 
an Analytical Services Manager her primary focus is to maintain client relations and provide exceptional 
client service. Ms. Riley has a Bachelor’s of Science in Biological Sciences from the University of Northern 
Colorado.   
 
Bill Reeves, Quality Assurance Manager, has over 20 years of environmental laboratory experience. He 
has been in his current role as Quality Assurance Manager for over 4 years.  He is responsible for ensuring 
that all water testing is conducted in strict adherence to Eurofins Quality Assurance Manual, that Eurofins at 
all times meets the US EPA requirements for analytical testing.  The QA department performs audits of the 
laboratory, reviews system documentation for compliance and consistency, and identifies areas for 
preventive and corrective action. He holds a BS of Science Applied Engineering from Michigan State 
University. 
 
Rhonda Day, Technical Manager, has over 28 years of environmental laboratory experience, with thirteen 
of those years in a management role.  She is responsible for the day-to-day operations of the Organics, 
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Sample Preparation and the Shipping and Receiving departments and ensures that there are adequate 
resources to perform the requested analyses.  She holds a BS with Honors in Chemistry from Beloit 
College. 
 
Jon Werbianskyj, Technical Manager has over 21 years of environmental laboratory experience, with two 
years in the management role. Mr. Werbianskyj oversees the day-to-day operations of the inorganics and 
microbiology departments.  He ensures that there are adequate resources to perform the requested 
analyses.  He holds a BS in Natural Resources and Environmental Management with a Chemistry minor 
from Ball State University. 
 
Donna Martis, Shipping and Receiving Manager has over 28 years of environmental laboratory 
experience at our South Bend, IN location. She has two years in this management role; however she has 
overseen the day-to-day operations of shipping, receiving and sample login for many years. 
 
INSTRUMENTATION 
Our instruments and equipment have been selected from reputable manufacturers based upon accuracy, 
reliability, ease of operation and maintenance. The instruments and equipment are maintained and 
calibrated in accordance with the laboratory’s procedures, referenced methods, and manufacturer’s 
requirements. These activities are documented in the data and/or logbooks specific to each instrument. 
When adding new instrumentation we prefer to purchase the same or next generation of the same model of 
LC/MS/MS systems because they have proven to be consistent, reliable and rugged. Our chemists are 
familiar with the system set-up and software which enables us to bring new systems on-line quickly. Having 
interchangeable parts among the systems aids in maintenance events and minimizes unexpected down 
time. Eurofins corporate encourages the sharing of operational best practices among the labs which 
facilitates consistency and continual improvement. 
 
Eurofins analyzes targeted PFAS analysis by EPA Method 537.1 and EPA 533 or by our proprietary 
method. Each of these methods uses Solid Phase Extraction (SPE) with liquid chromatography tandem 
mass spectrometry (LC-MSMS). Eurofins maintains 10 dedicated instruments specifically for these 
methods. The EPA methods have identical sampling, preservation, and holding time requirements. Our 
proprietary method measures 21 additional compounds for a total of 39 PFAS analytes. 
 
LABORATORY’S EXPERIENCE IN ANALYSES FOR DW SYSTEMS 
 
Eurofins has served and supported regulators and the water system community in the United States and 
abroad with testing and technical consulting.  Our experience profile demonstrates that we are the 
undisputed market leader in drinking water analysis. Eurofins history as an analytical testing provider to the 
drinking water industry is extensive and unparalleled.  In recognition of our superior brand and commitment 
to quality, our technical experts are routinely utilized by customers on a consultative basis.  Projects of 
recognition of this effort are described below: 
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SOUTH CAROLINA DEPARTMENT OF HEALTH AND ENVIRONMENTAL CONTROL 
Contact:  Mary Ann Fuller - Program Manager 

Drinking Water Compliance Monitoring Section 
SC DHEC Bureau of Water 

Address: 2600 Bull Street, Columbia, SC, 29203 
Phone:   803-898-2382 
Email:  FULLERMA@dhec.sc.gov 
 
Eurofins served as the UCMR3 and UCMR4 contractor for the State of South Carolina Department of 
Health and Environmental Control. The scope of services included all required testing and reporting under 
the UCMR3 and UCMR4 promulgated regulations. The requirements included coordinating with central 
project management, shipping sample kits on an established schedule and as needed to a central DHEC 
location, central reporting and invoicing, and electronic data deliverable preparation and upload of data 
directly to EPA SDWARS database 

• SC State-wide UCMR3 & UCMR4 Analytical Services Contractor 
• Contract Term: 2013 – 2015 (UCMR3) 2018-Present(UCMR4) 
• Central coordination of projects details 
• Shipping of sample kits for regularly scheduled sampling events 
• Central reporting and Invoicing 
• EDD required reporting and SDWARS upload of data 

 
STATE OF ILLINOIS ENVIRONMENTAL PROTECTION AGENCY (IEPA) 
Contact: Tom Weiss, Division Manager of Laboratory Sourcing 
Address: 825 North Rutledge Springfield, Illinois 62702 
Phone:  217-557-2420 
Email:   Tom.Weiss@Illinois.gov    
  
Our laboratory has performed analyses for public water supplies (PWS) that participate in the Community 
Water Supply Testing Program for analyses not performed at the IEPA’s laboratory. This allowed us, the 
contractor, to send the necessary kits and sampling materials, instructions and other paperwork at the start 
of the sampling period.  

• The projected number of Samples included 500 to the Northwestern region and 2000 to the 
Northeastern Region.  

• We were required by IEPA to communicate directly with the PWS if the receipt of a sample did not 
allow the holding time to be met.  We were to manage samples with holding times less than 48 
hours and must be set up on the day of sample receipt. We continued to execute the appropriate 
time lines in order to ship the sample kits to the facility early in the sampling period, so that there 
was more adequate time for collection, analysis, the collection of necessary resamples, and 
sample reporting. Sample kits were to be sent for resamples in a timely fashion, and specific 
program requirements. Sample kits always had an adequate number of re-useable ice packs if 
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sample temperature at the time of receipt for specific program requirements. Eurofins staff  in 
conjunction with the IEPA’s Division of Laboratories Quality Assurance Section complied with 
any/all evaluations that IEPA required during the program and our ability to conduct analyses. 

• The following testing services have been provide to ILEP for disinfection By-Product Testing, 
Radiological Testing, Asbestos Testing, and Enhanced Surface Water Treatment Testing and in 
addition have been asked to test for EPA 537; 537.1 and 537 modified V1.1 

 
MINNESOTA DEPARTMENT OF HEALTH 
Contact:  Anita Smith, Compliance Officer 
Address: 601 Robert Street North, St. Paul, MN 55164 
Phone:   651-201-4665 
Email:  Anita.smith@State.MN.US   
 
Eurofins has been providing professional services with respect to ongoing and ever changing needs of the 
Minnesota Department of Health dating back to the year of 2006.  Below is an overview of work requested 
and completed by Eurofins for the MN Dept. of Health.  

• Eurofins supports the Minnesota Department of Health by providing the following services for 
UCMR4, Chlorite and Bromide testing on an ongoing basis.  Our dedicated staff and tenure at this 
facility has over 26 years of experience, compliance and regulatory knowledge. This alone allows 
our diverse client partnerships to rest at night knowing Eurofins will perform services with quality 
front and center.  

• Preparing and ensuring all samples that are collected and submitted to the laboratory for analysis. 
Services include costs for bottles, coolers, chains of custody, and shipping or pickup services 
sufficient to get samples to the lab within hold time and temperature compliance standards. Sample 
bottles shall be clearly labeled and contain the correct preservatives as required. All analyses shall 
be performed within holding times and shall be conducted in accordance with all requirements now 
and hereafter set forth by the EPA.  

• Eurofins records lab results in units acceptable to the EPA and the State of Minnesota. In addition 
the results shall also be supplied to the Department of Health in both EDD formats.  

• QC Level II laboratory results must have reporting limits less than or equal to applicable regulatory 
limits. If the laboratory is unable to achieve a required reporting limit, then a narrative discussing 
the issue will be included in the report.  

• In conjunction any Industrial pretreatment samples are analyzed using methods and procedures 
outlined in 40 CFR 136.  Drinking water samples are analyzed using methods and procedures 
outlined in 40 CFR 141. All compliance forms come prefilled to the greatest extent possible.  

• Eurofins standard TAT for all reports has been within 10 days of sample receipt unless otherwise 
note and predetermined by client or lab guidelines. 
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CITY OF ROCHESTER, NY, WATER QUALITY LABORATORY 
Contact: John Maier, Lab Director 
Address: 7412 Rix Hill Road, Hemlock, NY 14466 
Phone:  585-428-6011 
Email:  MaierJ@cityofrochester.gov  
 

• Eurofins has provided SDWA testing services for the City of Rochester, NY from 2012 to 2019. For 
7 years, we have provided laboratory testing services including and not excluded to: PFAS, Metals, 
LT2, UCMR3, Microcystins, and UCMR4. 

• In addition, we have tested for Asbestos in drinking water. Compliance sampling including; HAA’s, 
THM’s, TOC, Bromide, Hexavalent Chrome, Cyanide, and Mercury. 

• Eurofins supported the City of Rochester for the Lead and Copper Rule analyzing 60 Copper 
Samples in 2018 and 100 Lead samples in 2018. 

• Also, Eurofins provided analytical testing services for: Pesticides, PCB’s, Taste & Odor, Dioxin, 
POC’s and DBP’s. 

 
LABORATORY QUALIFICATIONS 
 
QUALITY CERTIFICATION 
Eurofins laboratories have been audited and accredited by EPA in support of special regulatory programs 
(TNI, ICR, UCMR, SWDA and LT2) in the last 20 years. We strive to educate ourselves and provide as 
much knowledge as we support our clients. We collaborate with EPA on analytical methods, detection limit 
feasibility relative to proposed regulatory thresholds, best practices and acceptable precision & accuracy. 
This firsthand collaboration and interaction directly with regulators helps us stay abreast of the priorities for 
future regulations and our testing capabilities reflect that. 

 
Eurofins is accredited by three primary organizations for this contract: 
The National Environmental Accreditation Conference Institute (TNI) 
SC Department of Health and Environmental Control 
The U.S. Environmental Protection Agency (EPA) 

 
Eurofins is also a TNI-accredited laboratory and currently holds EPA 533 certification in our Monrovia, 
CA location.  Both facilities also hold certification with the State of South Carolina and EPA UCMR4 
approval. The laboratory is accredited in 50 states and other territories to perform comprehensive water 
quality analyses.  Our accreditation program relies on our rigorous quality system and includes more 
stringent and comprehensive standards than non-TNI laboratories.   
 
Our extensive list of Federal and State accreditations reflects our commitment to quality, above and beyond 
the minimum requirements.  Theses extensive accreditations and approvals also subject Eurofins to 
frequent on-site audits, blind proficiency testing and quality documentation through the year, in contrast to 
most laboratories that are audited or evaluated by the same regulatory agency every two or three years. 
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ANALYTICAL SERVICES AND DATA QUALITY 
Our approach to meeting the technical and service requirements for the State of South Carolina is 
comprised of many components of our operation. Those components include a state-of-the-art facility, 
extensive instrument inventory, highly trained and dedicated staff, Quality Assurance/Quality Control 
Programs, including our Environmental Quality Policy Manual (attached), Laboratory Information 
Management Systems (LIMS), Technical Qualifications, Accreditations, and Federal and State EPA 
methods (attached). We also have the financial strength and a stable and secure workforce which are very 
critical to any laboratory’s ability to support large projects. 
 
Our laboratory takes appropriate measures to consistently provide our clients with high quality data. 
Eurofins has established Quality Control procedures which ensure that data is generated within acceptable 
limits of precision and accuracy as required by the method. The results of quality control samples 
(Surrogates, Duplicates, Matrix Spikes and Laboratory Control Samples) are uploaded to the LIMS using 
data reduction software. The LIMS compares the QC results with the statistically derived acceptance limits 
and identifies results that are out of specification. If the results are not within the acceptance criteria, 
corrective action suitable to the situation must be taken. The corrective action includes reanalysis of the 
sample or emailed notification from your project manager. This notification will explain, in detail, the QC that 
is out of specification and the options you have for reporting the data. Our strict standards and quality 
systems ensure that we generate data and provide services that meet the requirements of our clients and 
sustain the rigors of regulatory review and legal scrutiny. 
 
Data Quality is of upmost importance to our operations. Eurofins actively participates in proficiency test 
programs, using externally supplied reference standards, twice a year. Our PFAS proficiency tests from the 
last two years are provided for potable and non-potable water. We have staff dedicated to support PFAS 
testing, who can assist with interpretation and perform expert witness testimony if needed.  
 
PRACTICES UTILIZED TO ELIMINATE CROSS-CONTAMINATION 
PFAS compounds are found in many commonly used materials and the potential for cross-contamination is 
a concern in the field and the laboratory. Eurofins has taken numerous steps to ensure that background 
concentrations of PFAS compounds do not cross contaminate your samples in the laboratory. We avoid the 
use of PTFE materials in the lab by removing Teflon™ O-rings and seals from our instruments and 
replacing them with PTFE-free products. PFAS samples are prepared and extracted in an area designated 
specially up fitted for that purpose. The glassware cleaning area is also separate from the instrument labs. 
Ultra-pure PFAS-free deionized (DI) water is used during PFAS extraction and analysis. We can provide 
this same water to clients for use in the field for decontamination, field and/or equipment blanks. A check of 
our lab gloves and deionized water is performed with every extraction batch in the form of a method blank. 
The lids provided with sample bottles do not have Teflon™ lining. We are happy to provide guidance to 
field samplers about ways to avoid cross-contamination at the site and during sample shipment. 
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SAMPLE RECIEVING 
Eurofins can accept samples Monday through Friday (8:00 am to 5:00 pm) and Saturday (9:00 am to 12:00 
pm). Commercial and Cargo carriers, UPS, Federal Express shipments and client deliveries received on 
Saturdays are completely unpacked, logged into our LIMS, properly stored, and in some cases analysis is 
started if rush TAT testing is scheduled in advance. Sample receipt outside of the hours listed above can 
be accommodated and are handled by our trained security staff. Samples are placed in sealed refrigerator 
storage and appropriate documentation and notifications are made so that regular shift employees attend to 
the samples immediately upon arrival of next work shift. 
 
SAMPLE STORAGE 
Eurofins inspects all samples upon receipt.  We will contact SC DHEC immediately whenever samples are 
received with breakage, leakage, missing container labels, incomplete paperwork or excessive 
temperature.  Each cooler temperature is measured and recorded on the sample custody form.  Tracking 
numbers are then assigned to each sample and scheduled for analysis.  Analytical Departments are 
notified to retrieve any samples with short holding times or samples requiring rush turnaround times so 
processing can commence immediately.  Remaining samples are stored at 4˚C in walk-in refrigerators.  
Temperatures in all cold storage areas are measured twice each day to ensure required temperature is 
maintained. 
 
BOTTLEWARE 
As stated previously, Eurofins will provide sample containers at no cost. Sample containers will be 
delivered to the site via Fed Ex or UPS Ground Shipping. For waters, the high-density polyethylene (HDPE) 
bottles are 250 ml in size, and for samples suspected of being a chlorinated source, can be preserved with 
Trizma crystals.  Lids are free of Teflon™ lining and have been thoroughly tested to ensure that they are 
PFAS-free. Our sample containers are purchased pre-cleaned and certified. We have specially cleaned 
and tested PFAS-free deionized water that we use for all aspects of the PFAS extraction and analysis. We 
provide this water to clients for their field and equipment blanks.  
 
PFAS FIELD COLLECTION CONSIDERATIONS 
Because PFAS can be found in a number of consumer products, several recommended practices 
[compiled from various state agencies] that are listed below should be followed during the collection of 
samples to avoid potential cross contamination: 

• Sticky notes products, markers, waterproof field books, plastic clipboards should not be used 
(Masonite or aluminum clipboards are recommended); binders, spiral hard cover notebooks, or 
glue materials should not be used at any time during sample handling, or field activity. 

• All samples should be collected in high density polyethylene plastic (HDPE) bottles with an unlined 
cap that is Teflon™ free. 

• The field personnel involved with sample collection and handling should avoid wearing new 
clothing (i.e., at least 6 washings with PFAS-free detergent since purchase) as well as breathable 
waterproof and tear proof textiles and fabric softeners. 
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• Personnel collecting samples should not wear anti-stain and/or water resistant clothing or shoes 
immediately prior to or during sample collection. Rain gear made from polyurethane and wax-
coated material is recommended. 

• Personnel collecting and handling samples should wear nitrile gloves at all times while collecting 
and handling samples. Gloves should be changed frequently during sampling collection and 
handling. 

• Sunblock/insect repellents used on site should consist of 100% natural ingredients and should be 
PFAS-free. 

• Sample collectors should not use cosmetics, moisturizers, hand cream, or other related products. 
• Many food and snack products are packaged in wrappers treated with PFAS. Therefore, hands 

should be thoroughly washed after handling fast food, carryout food, or snacks. 
• No food or drink should be brought on site, with the exception of bottled water and hydration drinks. 
• Reusable ice packs should not be used to cool samples or be used in sample coolers. 
• The use of decontamination soaps containing fluoro-surfactants must be avoided. An anionic 

detergent is recommended. 
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MINORITY PARTICIPATION (DEC 2015) 

Is the bidder a South Carolina Certified Minority Business? [ ] Yes [ ] No 

Is the bidder a Minority Business certified by another governmental entity? [ ] Yes [ ] No 

If so, please list the certifying governmental entity: _________________________ 

Will any of the work under this contract be performed by a SC certified Minority Business as a subcontractor? [ ] Yes [ ] 

No 

If so, what percentage of the total value of the contract will be performed by a SC certified Minority Business as a 

subcontractor? _____________ 

Will any of the work under this contract be performed by a minority business certified by another governmental entity as a 

subcontractor? [ ] Yes [ ] No 

If so, what percentage of the total value of the contract will be performed by a minority business certified by another 

governmental entity as a subcontractor? _____________ 

If a certified Minority Business is participating in this contract, please indicate all categories for which the Business is 

certified: 

[ ] Traditional minority 
[ ] Traditional minority, but female 
[ ] Women (Caucasian females) 
[ ] Hispanic minorities 
[ ] DOT referral (Traditional minority) 
[ ] DOT referral (Caucasian female) 
[ ] Temporary certification 
[ ] SBA 8 (a) certification referral 
[ ] Other minorities (Native American, Asian, etc.) 

(If more than one minority contractor will be utilized in the performance of this contract, please provide the information 

above for each minority business.) 

The Department of Administration, Division of Small and Minority Business Contracting and Certification, publishes a list 

of certified minority firms. The Minority Business Directory is available at the following URL: 

http://osmba.sc.gov/directory.html [04-4015-3]  SAP 

X

X

N/A

X

N/A

X

N/A

N/A
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IX. ATTACHMENTS TO SOLICITATION

A. Nonresident Taxpayer Registration Affidavit Income Tax Withholding

B. Offeror’s Checklist

C. EPA Method 533 (separate attachment)

NONRESIDENT TAXPAYER REGISTRATION AFFIDAVIT INCOME TAX WITHHOLDING 

 IMPORTANT TAX NOTICE - NONRESIDENTS ONLY  
Withholding Requirements for Payments to Nonresidents: Section 12-8-550 of the South Carolina Code of Laws requires 

persons hiring or contracting with a nonresident conducting a business or performing personal services of a temporary 

nature within South Carolina to withhold 2% of each payment made to the nonresident. The withholding requirement does 

not apply to (1) payments on purchase orders for tangible personal property when the payments are not accompanied by 

services to be performed in South Carolina, (2) nonresidents who are not conducting business in South Carolina, (3) 

nonresidents for contracts that do not exceed $10,000 in a calendar year, or (4) payments to a nonresident who (a) registers 

with either the S.C. Department of Revenue or the S.C. Secretary of State and (b) submits a Nonresident Taxpayer 

Registration Affidavit - Income Tax Withholding, Form I-312 to the person letting the contract. 

The withholding requirement applies to every governmental entity that uses a contract ("Using Entity"). Nonresidents 

should submit a separate copy of the Nonresident Taxpayer Registration Affidavit - Income Tax Withholding, Form I-312 

to every Using Entity that makes payment to the nonresident pursuant to this solicitation. Once submitted, an affidavit is 

valid for all contracts between the nonresident and the Using Entity, unless the Using Entity receives notice from the 

Department of Revenue that the exemption from withholding has been revoked. 
_______________________ 

Section 12-8-540 requires persons making payment to a nonresident taxpayer of rentals or royalties at a rate of $1,200.00 or 

more a year for the use of or for the privilege of using property in South Carolina to withhold 7% of the total of each 

payment made to a nonresident taxpayer who is not a corporation and 5% if the payment is made to a corporation. Contact 

the Department of Revenue for any applicable exceptions. 
_______________________ 

For information about other withholding requirements (e.g., employee withholding), contact the Withholding Section at the 

South Carolina Department of Revenue at 803-898-5383 or visit the Department's website at:  www.sctax.org   
_______________________ 

This notice is for informational purposes only. This agency does not administer and has no authority over tax issues. All 

registration questions should be directed to the License and Registration Section at 803-898-5872 or to the South Carolina 

Department of Revenue, Registration Unit, Columbia, S.C. 29214-0140. All withholding questions should be directed to 

the Withholding Section at 803-896-1420. 

PLEASE SEE THE "NONRESIDENT TAXPAYER REGISTRATION AFFIDAVIT INCOME TAX WITHHOLDING" 

FORM (FORM NUMBER I-312) LOCATED AT:  

http://www.sctax.org/Forms+and+Instructions/withholding/default.htm 

[09-9005-1] 

Not Applicable
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Eurofins Eaton Analytical, LLC

President

3/27/2020

7000233321

John Cosgrove PhD Delaware

X
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Eurofins Eaton Analytical, LLC 
110 South Hill Street
South Bend, IN 46617

Eurofins Eaton Analytical, LLC 
110 South Hill Street
South Bend, IN 46617

574-233-4777

JosephMattheis@EurofinsUS.com

Eurofins Eaton Analytical, LLC 
PO Box 95362
Grapevine, TX 76099-9733

X

1 3/20/2020
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SAP

VIII. BIDDING SCHEDULE / PRICE-BUSINESS PROPOSAL

BIDDING SCHEDULE (NOV 2007) 

Line Number Quantity Unit of Measure Unit Price Extended Price 

 0001 1.000 each 

Product Category:  98991 - Water Sampling and Analysis Services 

Item Description:  Sample analysis – Method 533 

Tendering Text:  See specifications in Section III. 

Internal Item Number:  1 

 Question  Mandatory / 

Optional 

 Multiple 

Responses 

Accepted? 

 Response 

The bidder has read and understands all 

Amendments.  

Mandatory No ______Yes 

______No 

1. The Submitter has read and understands

the terms and conditions of this solicitation.

Mandatory No ______Yes. I have read and understand 

the terms and conditions.  

2. The offer is in accordance with the terms

and conditions of this solicitation.

Mandatory No ______Yes. I have read and understand 

the terms and conditions.  

Are you requesting the SC Resident Contractor 

Preference? See The SC Procurement Code, 

Section 11-35-1524(C) (1) (III) and Section IIB 

of this Solicitation for more Information. For a 

FAQ on these Preferences, Please See 

www.procurement.sc.gov/preferences  

Mandatory No ______Yes 

______No 

Are you requesting the SC Resident 

Subcontractor Preference-2%? See the SC 

Procurement Code, Section 11-35-1524(D) and 

IIB & VIIB of this solicitation for more 

information. For a FAQ on these preferences, 

please see www.procurement.sc.gov/preferences 

Mandatory No ______Yes 

______No 

Are you requesting the SC Resident 

Subcontractor Preference-4%? See the SC 

Procurement Code, Section 11-35-1524(D) and 

IIB & VIIB of this solicitation for more 

information. For a FAQ on these preferences, 

please see www.procurement.sc.gov/preferences 

Mandatory No ______Yes 

______No 

Can bidder meet the June 1, 2020 

Performance Time-Frame? 

Mandatory No ______Yes 

______No 
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ARIZONA DEPARTMENT
 OF HEALTH SERVICES

ENVIRONMENTAL LABORATORY LICENSE 

is in compliance with Environmental Laboratory’s applicable standards for the State of Arizona and maintains 
on file a List of Parameters for which the laboratory is certified to perform analysis.

 PERIOD OF LICENSURE FROM:  TO:    

 ________________________________ 
Steven D. Baker, Chief 
Office of Laboratory Licensure & Certification 
Bureau of State Laboratory Services 

Issued to:

Laboratory Director:           
Owner/Representative: John Cosgrove

Eurofins Eaton Analytical, LLC - Monrovia

Fred  Haley

12/15/2019 12/15/2020

AZ0778
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Arizona Department Of Health Services
Office of Laboratory Licensure and Certification
250 N.17th Avenue, Phoenix, Arizona 85007-3246

Laboratory Methods, Instrument & Softwares AZ License: AZ0778, Lab Name: Eurofins Eaton
Analytical, LLC - Monrovia

SDW
Parameter EPA Method Certified On

	DETERMINATION OF SELECTED
PERFLUORINATED ALKYL ACIDS
(LC/MS/MS)

EPA 537.1 4/12/2019 10:27:07 AM

1, 4-DIOXANE BY GC/MS EPA 522 5/22/2012 12:00:00 AM

1-BUTANOL, 1,4-DIOXANE, 2-
METHOXYETHANOL AND 2-PROPEN-1-OL
(SPE-GC/MS)

EPA 541 10/31/2018 3:33:42 PM

ACETANILIDE PARENT COMPOUND -
ADDITIONAL

EPA 525.2 (2.0) 8/20/2009 12:00:00 AM

ALKALINITY SM 2320B (2011) 4/6/1996 12:00:00 AM

ALUMINUM EPA 200.7 (4.4) 9/30/1996 12:00:00 AM

ALUMINUM EPA 200.8 (5.4) 11/17/1995 12:00:00 AM

ANTIMONY EPA 200.8 (5.4) 12/19/1994 12:00:00 AM

ARSENIC EPA 200.8 (5.4) 12/19/1994 12:00:00 AM

ASBESTOS EPA 100.2 (6/94) 12/26/2019 10:28:24 AM

BARIUM EPA 200.7 (4.4) 11/24/1993 12:00:00 AM

BARIUM EPA 200.8 (5.4) 12/21/1994 12:00:00 AM

BERYLLIUM EPA 200.7 (4.4) 1/10/1994 12:00:00 AM

BERYLLIUM EPA 200.8 (5.4) 11/17/1995 12:00:00 AM

BROMATE EPA 300.1 (1.0) 6/5/2001 12:00:00 AM

BROMATE EPA 317.0 (2.0) 11/6/2006 12:00:00 AM

BROMIDE EPA 300.0 (2.1) 4/20/2003 12:00:00 AM

BROMIDE EPA 300.1 (1.0) 11/16/2001 12:00:00 AM

CADMIUM EPA 200.7 (4.4) 11/24/1993 12:00:00 AM

CADMIUM EPA 200.8 (5.4) 12/21/1994 12:00:00 AM

CALCIUM EPA 200.7 (4.4) 9/26/1994 12:00:00 AM

CARBAMATES BY HPLC/POST COLUMN EPA 531.2 (1.0) 8/14/2003 12:00:00 AM

CARBAMATES BY HPLC/POST COLUMN -
ADDITIONAL

EPA 531.2 (1.0) 8/14/2003 12:00:00 AM

CARBON, DISSOLVED ORGANIC SM 5310C (2011) 10/23/2008 12:00:00 AM

CARBON, TOTAL ORGANIC SM 5310C (2011) 3/24/1999 12:00:00 AM

CHLORAMINE SM 4500-CL G (2011) 9/22/2003 12:00:00 AM

3/18/2020 11:52:28 AM
Page 1 of 10
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Laboratory Methods, Instrument & Softwares AZ License: AZ0778, Lab Name: Eurofins Eaton
Analytical, LLC - Monrovia

SDW
Parameter EPA Method Certified On

CHLORATE EPA 300.1 (1.0) 5/29/2012 12:00:00 AM

CHLORIDE EPA 300.0 (2.1) 11/24/1993 12:00:00 AM

CHLORINATED ACIDS AND DALAPON BY
GC-ECD

EPA 515.4 (1.0) 8/14/2003 12:00:00 AM

CHLORINATED ACIDS AND DALAPON BY
GC-ECD ADDITIONAL

EPA 515.4 (1.0) 10/23/2008 12:00:00 AM

CHLORINATED ACIDS BY HPLC/PDA/UV EPA 555 (1.0) 2/21/2017 1:36:30 PM

CHLORINATED ACIDS BY HPLC/PDA/UV -
ADDITIONAL

EPA 555 (1.0) 2/21/2017 1:36:31 PM

CHLORINE DIOXIDE CHLORDIO X PLUS 12/19/2019 12:35:55 PM

CHLORINE, TOTAL RESIDUAL AND FREE SM 4500-CL G (2011) 4/6/1996 12:00:00 AM

CHLORITE EPA 300.0 (2.1) 12/19/2019 12:33:29 PM

CHROMIUM TOTAL EPA 200.7 (4.4) 11/24/1993 12:00:00 AM

CHROMIUM TOTAL EPA 200.8 (5.4) 11/17/1995 12:00:00 AM

CHROMIUM, HEXAVALENT BY IC EPA 218.7 (1.0) 12/19/2019 12:26:41 PM

COBALT EPA 200.8 (5.4) 5/22/2012 12:00:00 AM

COLIFORMS, FECAL SM 9221E (2006) 12/11/2002 12:00:00 AM

COLIFORMS, TOTAL AND E.COLI, BY
COLILERT (ONPG-MUG)

SM 9223B (2004) AND IDEXX 4/2/1998 12:00:00 AM

COLIFORMS, TOTAL, AND E.COLI, BY
COLISURE

SM 9223B (2004) AND IDEXX 12/31/2018 8:37:09 AM

COLOR SM 2120B (2011) 7/20/1997 12:00:00 AM

COPPER EPA 200.7 (4.4) 11/24/1993 12:00:00 AM

COPPER EPA 200.8 (5.4) 12/19/1994 12:00:00 AM

CORROSIVITY SM 2330B (2010) 8/16/1993 12:00:00 AM

CYANIDE EPA 335.4 (1.0) 7/15/1996 12:00:00 AM

CYANIDE SM 4500 CN F (2011) 4/6/1996 12:00:00 AM

CYANIDE SM 4500 CN B (2011) 4/6/2096 12:00:00 AM

CYANIDE SM 4500 CN C (2011) 4/6/2096 12:00:00 AM

CYANIDE, AVAILABLE/AMENABLE SM 4500-CN G (2011) 12/11/2002 12:00:00 AM

CYLINDROSPERMOPSIN AND ANATOXIN-A
(LC/ESI-MS/MS)

EPA 545 10/31/2018 3:39:54 PM

DBP BY MICRO-LIQUID EXTRACTION/GC-
ECD

SM 6251B (1994) 12/14/2098 12:00:00 AM

DBP, SOLVENTS AND PESTICIDES EPA 551.1 (1.0) 10/25/2004 12:00:00 AM

3/18/2020 11:52:28 AM
Page 2 of 10

44



Laboratory Methods, Instrument & Softwares AZ License: AZ0778, Lab Name: Eurofins Eaton
Analytical, LLC - Monrovia

SDW
Parameter EPA Method Certified On

DBP,SOLVENTS & PESTICIDES -
ADDITIONAL

EPA 551.1 (1.0) 10/23/2008 12:00:00 AM

DETERMINATION OF PER - AND PFAS
(ESPE / LCMS)

EPA 533 3/18/2020 11:46:15 AM

DETERMINATION OF SELECT
SEMIVOLATILE ORGANIC CHEMICALS IN
DRINKING WATER BY SPE / GC-MS

EPA 530 11/14/2018 2:00:34 PM

DETERMINATION OF SELECTED
PERFLUORINATED ALKYL ACIDS
(LC/MS/MS)

EPA 537 5/22/2012 12:00:00 AM

DETERMINATION OF SEMIVOLATILE
ORGANIC CHEMICALS IN DRINKING
WATER BY SPE / CAPILLARY COLUMN / GC
-MS

EPA 525.3 11/14/2018 2:00:00 PM

DIOXIN EPA 1613 REV B (10/94) 5/7/2010 12:00:00 AM

DIQUAT EPA 549.2 (1.0) 2/20/2001 12:00:00 AM

EDB/DBCP EPA 504.1 (1.1) 11/12/1996 12:00:00 AM

ENDOTHALL EPA 548.1 (1.0) 12/21/1994 12:00:00 AM

FLUORIDE SM 4500-F C (2011) 7/15/1996 12:00:00 AM

GLYPHOSATE EPA 547 (7/90) 11/24/1993 12:00:00 AM

GROSS ALPHA SM 7110C (2011) 9/9/2014 12:00:00 AM

GROSS ALPHA EPA 900.0 12/16/2019 3:26:33 PM

GROSS ALPHA AND BETA EPA 900.0 10/27/2003 12:00:00 AM

HALOACETIC ACIDS & DALAPON EPA 552.3 (1.0) 12/11/2017 11:05:51 AM

HARDNESS SM 2340 B (2011), CA AND MG 11/24/1993 12:00:00 AM

HARDNESS EPA 200.7 (4.4), CA AND MG 10/25/2004 12:00:00 AM

HETEROTROPHIC PLATE COUNT SM 9215B (2004) 9/2/2003 12:00:00 AM

HORMONES BY LC/MS/MS EPA 539 5/22/2012 12:00:00 AM

HYDROGEN ION (pH) SM 4500-H B (2011) 11/30/1997 12:00:00 AM

HYDROGEN ION (pH) EPA 150.1 8/16/1993 12:00:00 AM

IRON EPA 200.7 (4.4) 11/24/1993 12:00:00 AM

LEAD EPA 200.8 (5.4) 12/19/1994 12:00:00 AM

MAGNESIUM EPA 200.7 (4.4) 9/26/1994 12:00:00 AM

MANGANESE EPA 200.7 (4.4) 11/24/1993 12:00:00 AM

MANGANESE EPA 200.8 (5.4) 12/19/1994 12:00:00 AM

MERCURY EPA 200.8 (5.4) 12/31/2018 8:37:09 AM

METHYLENE BLUE ACTIVE SUBSTANCES 5540 C (2011) 12/31/2018 8:37:09 AM

3/18/2020 11:52:28 AM
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Laboratory Methods, Instrument & Softwares AZ License: AZ0778, Lab Name: Eurofins Eaton
Analytical, LLC - Monrovia

SDW
Parameter EPA Method Certified On

MICROCYSTINS AND NODULARIN (SPE
AND LC/MS/MS)

EPA 544 10/31/2018 3:35:00 PM

MOLYBDENUM EPA 200.8 (5.4) 5/22/2012 12:00:00 AM

NICKEL EPA 200.7 (4.4) 1/10/1994 12:00:00 AM

NICKEL EPA 200.8 (5.4) 12/19/1994 12:00:00 AM

NITRATE EPA 300.0 (2.1) 11/24/1993 12:00:00 AM

NITRATE EPA 353.2 (2.0) 4/2/1998 12:00:00 AM

NITRITE EPA 300.0 (2.1) 1/10/1994 12:00:00 AM

NITRITE EPA 353.2 (2.0) 12/11/2002 12:00:00 AM

NITROSAMINES BY MS/MS - ADDITIONAL EPA 521 (1.0) 8/20/2009 12:00:00 AM

ODOR SM 2150B (2011) 10/29/2003 12:00:00 AM

ORGANICS BY GC/MS EPA 525.2 (2.0) 2/22/2006 12:00:00 AM

ORGANICS BY GC/MS - ADDITIONAL EPA 525.2 (2.0) 12/5/2006 12:00:00 AM

ORTHOPHOSPHATE EPA 365.1 (2.0) 11/17/1995 12:00:00 AM

ORTHOPHOSPHATE SM 4500-P E (2011) 4/6/1996 12:00:00 AM

ORTHOPHOSPHATE SM 4500-P F (2011) 3/20/2008 12:00:00 AM

PARAQUAT EPA 549.2 (1.0) 2/2/2001 12:00:00 AM

PERCHLORATE EPA 314.0 3/30/2001 12:00:00 AM

PERCHLORATE EPA 331.0 10/23/2008 12:00:00 AM

PESTICIDES AND PCBS BY GC EPA 505 (2.1) 4/3/2003 12:00:00 AM

PESTICIDES AND PCBS BY GC -
ADDITIONAL

EPA 505 (2.1) 10/23/2008 12:00:00 AM

RADIUM 226 RADIUM 226 12/31/2018 8:37:09 AM

RADIUM 228  R-228 12/31/2018 8:37:09 AM

RADON SM 7500-RN B 2/22/2019 1:27:57 PM

RESIDUE,  FILTERABLE (TDS) SM 2540 C (2011) 4/6/1996 12:00:00 AM

SELENIUM EPA 200.8 (5.4) 12/19/1994 12:00:00 AM

SILICA EPA 200.7 (4.4) 11/17/1995 12:00:00 AM

SILICA SM 4500-SIO2C (2011) 3/24/2008 12:00:00 AM

SILVER EPA 200.7 (4.4) 11/24/1993 12:00:00 AM

SILVER EPA 200.8 (5.4) 11/17/1995 12:00:00 AM

SODIUM EPA 200.7 (4.4) 9/26/1994 12:00:00 AM

3/18/2020 11:52:28 AM
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Laboratory Methods, Instrument & Softwares AZ License: AZ0778, Lab Name: Eurofins Eaton
Analytical, LLC - Monrovia

SDW
Parameter EPA Method Certified On

SPECIFIC CONDUCTANCE SM 2510B(2011) 4/6/1996 12:00:00 AM

STRONTIUM EPA 200.7 (4.4) 11/24/1993 12:00:00 AM

STRONTIUM EPA 200.8 (5.4) 5/22/2012 12:00:00 AM

SULFATE EPA 300.0(2.1) 11/24/1993 12:00:00 AM

THALLIUM EPA 200.8 (5.4) 12/19/1994 12:00:00 AM

TOTAL COLIFORMS BY MTF SM 9221B & C 12/23/1997 12:00:00 AM

TOTAL MICROCYSTINS AND NODULARINS
(AELIA)

EPA 546 10/31/2018 3:39:55 PM

TURBIDITY, NEPHELOMETRIC (NTU) EPA 180.1 (2.0) 2/10/1998 12:00:00 AM

URANIUM EPA 200.8 (5.4) 9/8/2004 12:00:00 AM

UV - ABSORPTION AT 254 NM SM 5910B (2011) 7/10/1999 12:00:00 AM

VANADIUM EPA 200.8 (5.4) 5/22/2012 12:00:00 AM

VOCS BY GC/MS EPA 524.2 (4.1) 1/15/2003 12:00:00 AM

VOCS BY GC/MS-ADDITIONAL EPA 524.2 (4.1) 10/23/2008 12:00:00 AM

ZINC EPA 200.7 (4.4) 11/24/1993 12:00:00 AM

ZINC EPA 200.8 (5.4) 12/19/1994 12:00:00 AM

Total Count: 127

WW
Parameter EPA Method Certified On

 ESCHERICHIA COLI BY COLILERT MPN, IN
CONJUNCTION WITH SM 9221B AND 9221C

SM 9223B (2004) 12/19/2019 12:27:48 PM

ALKALINITY, TOTAL SM 2320B (2011) 4/2/1998 12:00:00 AM

ALPHA- TOTAL PCI PER LITER EPA 900.0 10/18/1999 12:00:00 AM

ALUMINUM EPA 200.7 (4.4) 4/2/1998 12:00:00 AM

ALUMINUM EPA 200.8 (5.4) 4/2/1998 12:00:00 AM

AMMONIA EPA 350.1 (2.0) 12/23/1997 12:00:00 AM

ANTIMONY EPA 200.7 (4.4) 4/2/1998 12:00:00 AM

ANTIMONY EPA 200.8 (5.4) 4/2/1998 12:00:00 AM

ARSENIC EPA 200.8 (5.4) 4/2/1998 12:00:00 AM

BARIUM EPA 200.7 (4.4) 4/2/1998 12:00:00 AM

BARIUM EPA 200.8 (5.4) 4/2/1998 12:00:00 AM

BERYLLIUM EPA 200.7 (4.4) 4/2/1998 12:00:00 AM

BERYLLIUM EPA 200.8 (5.4) 4/2/1998 12:00:00 AM

3/18/2020 11:52:28 AM
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Laboratory Methods, Instrument & Softwares AZ License: AZ0778, Lab Name: Eurofins Eaton
Analytical, LLC - Monrovia

WW
Parameter EPA Method Certified On

BETA-TOTAL PCI PER LITER EPA 900.0 10/18/1999 12:00:00 AM

BIOCHEMICAL OXYGEN
DEMAND/CARBONACEOUS BIOCHEMICAL
OXYGEN DEMAND

SM 5210B (2011) 11/30/1997 12:00:00 AM

BORON EPA 200.7 (4.4) 4/2/1998 12:00:00 AM

BROMIDE EPA 300.0 (2.1) 4/2/1998 12:00:00 AM

CADMIUM EPA 200.7 (4.4) 4/2/1998 12:00:00 AM

CADMIUM EPA 200.8 (5.4) 4/2/1998 12:00:00 AM

CALCIUM EPA 200.7 (4.4) 4/2/1998 12:00:00 AM

CARBON, TOTAL ORGANIC (TOC) SM 5310 C (2011) 4/2/1998 12:00:00 AM

CHEMICAL OXYGEN DEMAND EPA 410.4 (2.0) 12/23/1997 12:00:00 AM

CHEMICAL OXYGEN DEMAND SM 5220 D (2011) 10/27/2003 12:00:00 AM

CHLORIDE EPA 300.0 (2.1) 4/2/1998 12:00:00 AM

CHLORINE  TOTAL RESIDUAL SM 4500-CL G (2011) 4/2/1998 12:00:00 AM

CHLORINE, FREE HACH 8021 10/23/2008 12:00:00 AM

CHROMIUM TOTAL EPA 200.7 (4.4) 4/2/1998 12:00:00 AM

CHROMIUM TOTAL EPA 200.8 (5.4) 4/2/1998 12:00:00 AM

CHROMIUM(VI) HEXAVALENT SM 3500-CR B (2011) 12/11/2017 11:05:51 AM

CHROMIUM, HEXAVALENT EPA 218.6 (3.3) 11/20/2007 12:00:00 AM

COBALT EPA 200.7 (4.4) 4/2/1998 12:00:00 AM

COBALT EPA 200.8 (5.4) 4/2/1998 12:00:00 AM

COLIFORMS, TOTAL, BY MTF SM 9221B (2006) 4/2/1998 12:00:00 AM

COLOR SM 2120 B (2011) 7/20/1997 12:00:00 AM

COPPER EPA 200.7 (4.4) 4/2/1998 12:00:00 AM

COPPER EPA 200.8 (5.4) 4/2/1998 12:00:00 AM

CYANIDE, AVAILABLE 4500-CN G (2011) 12/31/2018 8:37:09 AM

CYANIDE, TOTAL SM 4500CN-F (2011) 10/16/2007 12:00:00 AM

CYANIDE, TOTAL EPA 335.4 (1.0) 10/16/2007 12:00:00 AM

FLUORIDE SM 4500-F C (2011) 12/23/1997 12:00:00 AM

FLUORIDE SM 4500-F B (2011) 12/23/2097 12:00:00 AM

HARDNESS SM 2340B (2011) 4/2/2098 12:00:00 AM

HARDNESS EPA 200.7 (4.4) 10/23/2008 12:00:00 AM

3/18/2020 11:52:28 AM
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Laboratory Methods, Instrument & Softwares AZ License: AZ0778, Lab Name: Eurofins Eaton
Analytical, LLC - Monrovia

WW
Parameter EPA Method Certified On

HYDROGEN ION (pH) SM 4500-H B (2011) 3/10/1998 12:00:00 AM

IRON EPA 200.7 (4.4) 4/2/1998 12:00:00 AM

KJELDAHL, TOTAL NITROGEN EPA 351.2 (2.0) 11/30/2097 12:00:00 AM

LEAD EPA 200.8 (5.4) 4/2/1998 12:00:00 AM

LEAD EPA 200.7 (4.4) 12/19/2019 12:37:05 PM

MAGNESIUM EPA 200.7 (4.4) 4/2/1998 12:00:00 AM

MANGANESE EPA 200.7 (4.4) 4/2/1998 12:00:00 AM

MANGANESE EPA 200.8 (5.4) 4/2/1998 12:00:00 AM

METHYLENE BLUE ACTIVE SUBSTANCES SM 5540C (2011) 7/10/1999 12:00:00 AM

MOLYBDENUM EPA 200.7 (4.4) 4/2/1998 12:00:00 AM

MOLYBDENUM EPA 200.8 (5.4) 4/2/1998 12:00:00 AM

NICKEL EPA 200.7 (4.4) 4/2/1998 12:00:00 AM

NICKEL EPA 200.8 (5.4) 4/2/1998 12:00:00 AM

NITRATE EPA 300.0 (2.1) 4/2/1998 12:00:00 AM

NITRATE-NITRITE (AS N) EPA 353.2 (2.0) 12/23/1997 12:00:00 AM

NITRITE (AS N) EPA 300.0 (2.1) 4/2/1998 12:00:00 AM

NITRITE (AS N) EPA 353.2 (2.0) 10/16/2007 12:00:00 AM

ORTHOPHOSPHATE SM 4500-P E (2011) 11/20/2007 12:00:00 AM

ORTHOPHOSPHATE EPA 365.1 (2.0) 3/20/2008 12:00:00 AM

ORTHOPHOSPHATE SM 4500-P F (2011) 3/20/2008 12:00:00 AM

OXYGEN, DISSOLVED SM 4500-O G (2011) 10/25/2004 12:00:00 AM

PHENOLS EPA 420.1 (1978) 12/11/2002 12:00:00 AM

PHENOLS EPA 420.4 (1.0) 12/11/2017 11:05:51 AM

PHOSPHORUS, TOTAL EPA 365.1 (2.0) 4/26/1999 12:00:00 AM

PHOSPHORUS, TOTAL SM 4500-P F (2011) 1/16/1999 12:00:00 AM

PHOSPHORUS, TOTAL SM 4500-P E (2011) 10/25/2004 12:00:00 AM

POTASSIUM EPA 200.7 (4.4) 4/2/1998 12:00:00 AM

RESIDUE NONFILTERABLE (TSS) SM 2540D (2011) 11/30/1997 12:00:00 AM

RESIDUE TOTAL SM 2540B (2011) 12/5/2006 12:00:00 AM

RESIDUE VOLATILE EPA 160.4 (1971) 10/27/2003 12:00:00 AM

RESIDUE VOLATILE SM 2540E (2011) 12/11/2017 11:05:51 AM

3/18/2020 11:52:28 AM
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Laboratory Methods, Instrument & Softwares AZ License: AZ0778, Lab Name: Eurofins Eaton
Analytical, LLC - Monrovia

WW
Parameter EPA Method Certified On

RESIDUE,  FILTERABLE SM 2540C (2011) 12/23/1997 12:00:00 AM

RESIDUE, SETTLEABLE SOLIDS SM 2540F (2011) 12/11/2002 12:00:00 AM

SELENIUM EPA 200.8 (5.4) 4/2/1998 12:00:00 AM

SILICA, DISSOLVED EPA 200.7 (4.4) 9/2/2003 12:00:00 AM

SILICA, DISSOLVED SM 4500-SIO2C (2011) 10/23/2008 12:00:00 AM

SILVER EPA 200.7 (4.4) 4/2/1998 12:00:00 AM

SILVER EPA 200.8 (5.4) 4/2/1998 12:00:00 AM

SODIUM EPA 200.7 (4.4) 4/2/1998 12:00:00 AM

SPECIFIC CONDUCTANCE SM 2510B (2011) 12/23/1997 12:00:00 AM

SPECIFIC CONDUCTANCE EPA 120.1 (1982) 12/11/2002 12:00:00 AM

STRONTIUM EPA 200.7 (4.4) 11/17/1995 12:00:00 AM

SULFATE EPA 300.0 (2.1) 4/2/1998 12:00:00 AM

SULFIDE SM 4500-S2- D (2011) 12/5/2006 12:00:00 AM

THALLIUM EPA 200.7 (4.4) 4/2/1998 12:00:00 AM

THALLIUM EPA 200.8 (5.4) 4/2/1998 12:00:00 AM

TIN EPA 200.7 (4.4) 10/18/1999 12:00:00 AM

TIN EPA 200.8 (5.4) 10/23/2008 12:00:00 AM

TITANIUM EPA 200.7 (4.4) 10/23/2008 12:00:00 AM

TITANIUM EPA 200.8 (5.4) 10/23/2008 12:00:00 AM

TURBIDITY, NTU EPA 180.1 (2.0) 2/8/1998 12:00:00 AM

VANADIUM EPA 200.7 (4.4) 4/2/1998 12:00:00 AM

VANADIUM EPA 200.8 (5.4) 4/2/1998 12:00:00 AM

ZINC EPA 200.7 (4.4) 4/2/1998 12:00:00 AM

ZINC EPA 200.8 (5.4) 4/2/1998 12:00:00 AM

Total Count: 98

Instrument
Instrument Instrument Code Quantity Certified On

GAS CHROMATOGRAPH GC 16 10/10/2016 3:48:13 PM

COUNTERS FOR
RADIOACTIVITY

COUNT 6 11/29/2018 3:08:50 PM

GAS CHROMATOGRAPH/MASS
SPECTROMETER

GC/MS 23 11/29/2018 3:08:50 PM

3/18/2020 11:52:28 AM
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Laboratory Methods, Instrument & Softwares AZ License: AZ0778, Lab Name: Eurofins Eaton
Analytical, LLC - Monrovia

Instrument
Instrument Instrument Code Quantity Certified On

HIGH PERFORMANCE LIQUID
CHROMATOGRAPH

HPLC 6 10/7/2019 1:36:06 PM

AUTOMATED AUTOANALYZER AUTOANALYZER 7 10/7/2019 1:36:06 PM

INDUCTIVELY COUPLED
PLASMA/MASS
SPECTROMETER

ICP/MS 3 10/7/2019 1:36:06 PM

ION CHROMATOGRAPH IC 11 10/7/2019 1:36:06 PM

HIGH PERFORMANCE LIQUID
CHROMATOGRAPH/MASS
SPEC

HPLC/MS 7 10/7/2019 1:36:06 PM

INDUCTIVELY COUPLED
PLASMA SPECTROMETER

ICP 1 10/7/2019 1:36:06 PM

Total Count: 9

Software
Software Code Certified On

CHEMSTATION - GC/MS 8/7/2012 2:18:48 PM

CHROMELEON (DIONEX) - IC 8/7/2012 2:18:48 PM

PERKIN ELMER - ICP 8/7/2012 2:18:48 PM

CHROMELEON - GC 8/7/2012 2:18:48 PM

CHROMELEON - HPLC 8/7/2012 2:18:48 PM

PERKIN ELMER - MA 12/11/2017 11:05:51 AM

MassLynx 12/11/2017 11:05:51 AM

Varian - Workstation 12/11/2017 11:05:51 AM

Thermo - TraceFinder 12/11/2017 11:05:51 AM

Analyst 12/11/2017 11:05:51 AM

Multiquant 12/11/2017 11:05:51 AM

Metrohm - Tiamo 12/11/2017 11:05:51 AM

Mitsubishi - TOX-100 Pro 12/11/2017 11:05:51 AM

GE Analytical Data-5310C 12/11/2017 11:05:51 AM

GE Analytical Data Pro-2 12/11/2017 11:05:51 AM

Seal AQ-2 12/11/2017 11:05:51 AM

ESI SC 12/11/2017 11:05:51 AM

OI - Winflow 12/13/2016 12:46:50 PM

AGILENT MASS HUNTER - ICP/MS 12/13/2016 12:46:50 PM

PERKIN ELMER - ICP/MS 12/13/2016 12:46:50 PM

3/18/2020 11:52:28 AM
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Laboratory Methods, Instrument & Softwares AZ License: AZ0778, Lab Name: Eurofins Eaton
Analytical, LLC - Monrovia

Software
Software Code Certified On

CANNBERRA - COUNTER FOR RADIOACTIVITY 12/13/2016 12:46:50 PM

OMNION (LACHAT) - AUTO ANALYZER 12/13/2016 12:46:50 PM

FIMS - MA 12/13/2016 12:46:50 PM

OTHER - HPLC/MS 12/13/2016 12:46:50 PM

Total Count: 24

3/18/2020 11:52:28 AM
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United States Environmental Protection Agency
Office of Water

Office of Ground Water and Drinking Water
Standards and Risk Management Division

Technical Support Center
UCMR Laboratory Approval Program

Eurofins Eaton Analytical, Inc. ‐ CA

750 Royal Oaks Dr; Ste 100

Monrovia, CA 91016

Based on the review of submitted applications and successful participation in a Proficiency Testing (PT) Study for the 
fourth Unregulated Contaminant Monitoring Rule (UCMR 4), EPA has granted the status of “approved” to your 
laboratory for the method(s) listed below to the following laboratory at the listed address: 

The application and PT criteria are listed in the “UCMR 4 Laboratory Approval Requirements and Information 
Document, Version 2.0.” Your laboratory is now "approved" to conduct UCMR 4 analyses using the following 
method(s):

LabID: CA00006

Method Name DateStatus

EPA 200.8 2/6/2017Approved

EPA 525.3 6/19/2017Approved

EPA 530 6/19/2017Approved

EPA 541 2/6/2017Approved

EPA 544 4/3/2017Approved

EPA 545 2/6/2017Approved

EPA 546 2/6/2017Approved

EPA 552.3  4/3/2017Approved

This information will be included in the list of UCMR 4 approved laboratories on our website. Your approval status 
will be maintained during UCMR 4 by continuing to meet the criteria given in the “UCMR 4 Laboratory Approval 
Requirements and Information Document, Version 2.0,” and any revisions to the aforementioned document. 
Please be aware that you are only permitted to conduct UCMR 4 analyses using those methods for which you have 
EPA approval. Should you wish to comment on any of these determinations, please write to:

UCMR 4 Laboratory Approval Coordinator
 USEPA, Technical Support Center

 26 W. Mar n Luther King Drive (MS 140)
 Cincinna , OH 45268

   UCMR_Lab_Approval@epa.gov

End of Method List 
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United States Environmental Protection Agency
Office of Water

Office of Ground Water and Drinking Water
Technical Support Center

UCMR Laboratory Approval Program

Eurofins Eaton Analytical, Inc. ‐ CA

750 Royal Oaks Drive; Suite 100

Monrovia, CA 91016

Based on the review of submitted applications for each of the listed methods, EPA has granted the status 
of “authorized” to your laboratory for the method(s) listed below to the following laboratory at the listed 
address: 

The application criteria are listed in the “UCMR 4 Laboratory Approval Requirements and Information 
Document, Version 2.0.” Your laboratory is now "authorized" to conduct UCMR 4 analyses using the 
following method(s):

LabID: CA00006

Method Name DateStatus

SM 5310 C 12/27/2016Authorized

EPA 300.0 (Rev. 2.1) 12/27/2016Authorized

This information will be included in the list of UCMR 4 approved laboratories. Your status will be 
maintained during UCMR 4 by continuing to meet the criteria given in the “UCMR 4 Laboratory 
Approval Requirements and Information Document, Version 2.0,” and any revisions to the 
aforementioned document. Please be aware that you are only permitted to conduct UCMR 4 analyses 
using those methods for which you have EPA approval. Should you wish to comment on any of these 
determinations, please write to:

UCMR 4 Laboratory Approval Coordinator
 USEPA, Technical Support Center

 26 W. Mar n Luther King Drive (MS 140)
 Cincinna , OH 45268

   UCMR_Lab_Approval@epa.gov

End of Method List 
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MATRIX Reference Code Analyte Code Description

Drinking 
Water EPA 150.1 10008409 pH - Electrometric Measurement

1900 pH

EPA 1623 10236609 Filtration/IMS/FA: Cryptosporidium and 
Giardia

2510 Cryptosporidia

2545 Giardia

EPA 180.1 2 10011800 Turbidity - Nephelometric

2055 Turbidity

EPA 200.2 10013000 Sample Preparation Procedure for 
Spectrochemical Determination of Total 
Recoverable Elements - Revision 2.8

8031 Extraction/Preparation

EPA 200.7 4.4 10013806 ICP - metals

1035 Calcium

1070 Iron

1085 Magnesium

1125 Potassium

1990 Silica as SiO2

1155 Sodium

EPA 200.8 5.4 10014605 Metals by ICP-MS

1000 Aluminum

1005 Antimony

1010 Arsenic

1015 Barium

1020 Beryllium

1030 Cadmium

1040 Chromium

1055 Copper

1075 Lead

1090 Manganese

1100 Molybdenum

1105 Nickel

1140 Selenium

1150 Silver

1165 Thallium

3035 Uranium

1185 Vanadium

1190 Zinc

1 of 11
Department of Agriculture, Laboratory Division
Department of Environmental Quality, Laboratory Division
Oregon Health Authority, Public Health Division

OREGON
Environmental Laboratory Accreditation Program

ORELAP ID: 4074
ORELAP Fields of 
Accreditation

Eurofins Eaton Analytical, Inc.-South Bend EPA CODE: IN00035

Certificate: 4074 - 005110 South Hill Street

South Bend, IN 46617 Issue Date: 9/17/2017    Expiration Date: 9/16/2018
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Drinking 
Water

EPA 218.6 3.3 10028009 Dissolved Hexavalent Chromium by Ion 
Chromatography

1045 Chromium VI

EPA 218.7 1 10268414 Determination of Hexavalent Chromium 
in Drinking Water by Ion 
Chromatography with Post-column 
Derivatization and UV-VIS 
Spectroscopic Determination

1045 Chromium VI

EPA 245.1 3 10036609 Mercury by Cold Vapor Atomic 
Absorption

1095 Mercury

EPA 300.0 2.1 10053200 Methods for the Determination of 
Inorganic Substances in Environmental 
Samples

1540 Bromide

1570 Chlorate

1575 Chloride

1595 Chlorite

1730 Fluoride

1810 Nitrate as N

2000 Sulfate

EPA 300.1 1.0 10275602 Determination of Inorganic Anions in 
Drinking Water by Ion Chromatography

1535 Bromate

EPA 317.0 EPA 
317.0

10237602 Inorganic Oxyhalide Disinfection 
Byproducts in Drinking Water

1535 Bromate

EPA 331.0 1.0 10059708 Determination of Perchlorate in Drinking 
Water by Liquid Chromatography 
Electrospray Mass Spectrometry 
(LC/ESI/MS)

1895 Perchlorate

EPA 335.4 EPA 
335.4

10061402 Methods for the Determination of 
Inorganic Substances in Environmental 
Samples

1635 Cyanide

EPA 353.2 2 10067604 Nitrate/Nitrite Nitrogen - Automated, 
Cadmium

1810 Nitrate as N

1820 Nitrate-nitrite

1840 Nitrite as N

EPA 504.1 1.1 10082801 EDB/DBCP/TCP micro-extraction, 
GC/ECD

4570 1,2-Dibromo-3-chloropropane (DBCP)

4585 1,2-Dibromoethane (EDB, Ethylene 
dibromide)
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Drinking 
Water

EPA 505 2.1 10083406 Organohalide pesticides/PCBs (Drinking 
Water)

8880 Aroclor-1016 (PCB-1016)

8885 Aroclor-1221 (PCB-1221)

8890 Aroclor-1232 (PCB-1232)

8895 Aroclor-1242 (PCB-1242)

8900 Aroclor-1248 (PCB-1248)

8905 Aroclor-1254 (PCB-1254)

8910 Aroclor-1260 (PCB-1260)

7250 Chlordane (tech.)

8870 PCBs

8250 Toxaphene (Chlorinated camphene)

EPA 515.3 1 10088401 Chlorinated acids Liquid/Solid and 
GC/ECD

8655 2,4,5-T

8545 2,4-D

8560 2,4-DB

8600 3,5-Dichlorobenzoic acid

8505 Acifluorfen

8530 Bentazon

8540 Chloramben

8550 Dacthal (DCPA)

8555 Dalapon

8595 Dicamba

8605 Dichloroprop (Dichlorprop)

8620 Dinoseb (2-sec-butyl-4,6-dinitrophenol, 
DNBP)

6605 Pentachlorophenol

8645 Picloram

8650 Silvex (2,4,5-TP)

EPA 522 1 10088570 1,4-Dioxane in Drinking Water by SPE 
and GC/MS SIM

4735 1,4-Dioxane (1,4- Diethyleneoxide)

EPA 524.2 4.1 10088809 Volatile Organic Compounds GC/MS 
Capillary Column

5105 1,1,1,2-Tetrachloroethane

5160 1,1,1-Trichloroethane

5110 1,1,2,2-Tetrachloroethane

5165 1,1,2-Trichloroethane

7450 1,1-Dichloro-2-propanone

4630 1,1-Dichloroethane

4640 1,1-Dichloroethylene

4670 1,1-Dichloropropene

5150 1,2,3-Trichlorobenzene

5180 1,2,3-Trichloropropane
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Drinking 
Water

EPA 524.2 4.1 5155 1,2,4-Trichlorobenzene

5210 1,2,4-Trimethylbenzene

4610 1,2-Dichlorobenzene

4635 1,2-Dichloroethane (Ethylene dichloride)

4655 1,2-Dichloropropane

5215 1,3,5-Trimethylbenzene

4615 1,3-Dichlorobenzene

4660 1,3-Dichloropropane

4620 1,4-Dichlorobenzene

4480 1-Chlorobutane

4665 2,2-Dichloropropane

4410 2-Butanone (Methyl ethyl ketone, MEK)

4535 2-Chlorotoluene

4860 2-Hexanone (MBK)

5020 2-Nitropropane

4540 4-Chlorotoluene

4910 4-Isopropyltoluene (p-Cymene)

4995 4-Methyl-2-pentanone (MIBK)

4315 Acetone

4340 Acrylonitrile

4355 Allyl chloride (3-Chloropropene)

4375 Benzene

4385 Bromobenzene

4390 Bromochloromethane

4395 Bromodichloromethane

4400 Bromoform

4450 Carbon disulfide

4455 Carbon tetrachloride

4470 Chloroacetonitrile

4475 Chlorobenzene

4575 Chlorodibromomethane

4485 Chloroethane (Ethyl chloride)

4505 Chloroform

4645 cis-1,2-Dichloroethylene

4680 cis-1,3-Dichloropropene

4595 Dibromomethane (Methylene bromide)

4625 Dichlorodifluoromethane (Freon-12)

4725 Diethyl ether

4810 Ethyl methacrylate

4765 Ethylbenzene

4770 Ethyl-t-butylether (ETBE) (2-Ethoxy-2-
methylpropane)

4835 Hexachlorobutadiene

4840 Hexachloroethane
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Drinking 
Water

EPA 524.2 4.1 4870 Iodomethane (Methyl iodide)

4900 Isopropylbenzene (Cumene)

5240 m+p-xylene

4925 Methacrylonitrile

4945 Methyl acrylate

4950 Methyl bromide (Bromomethane)

4960 Methyl chloride (Chloromethane)

4990 Methyl methacrylate

5000 Methyl tert-butyl ether (MTBE)

4975 Methylene chloride (Dichloromethane)

5005 Naphthalene

4435 n-Butylbenzene

5015 Nitrobenzene

5090 n-Propylbenzene

5250 o-Xylene

5035 Pentachloroethane

5080 Propionitrile (Ethyl cyanide)

4440 sec-Butylbenzene

5100 Styrene

4370 T-amylmethylether (TAME)

4420 tert-Butyl alcohol

4445 tert-Butylbenzene

5115 Tetrachloroethylene (Perchloroethylene)

5120 Tetrahydrofuran (THF)

5140 Toluene

5205 Total trihalomethanes

4700 trans-1,2-Dichloroethylene

4685 trans-1,3-Dichloropropylene

4605 trans-1,4-Dichloro-2-butene

5170 Trichloroethene (Trichloroethylene)

5175 Trichlorofluoromethane 
(Fluorotrichloromethane, Freon 11)

5235 Vinyl chloride

5260 Xylene (total)

EPA 525.2 2 10090003 Semi-Volatile by SPE extraction and 
GC/MS

7355 4,4'-DDD

7360 4,4'-DDE

7365 4,4'-DDT

5500 Acenaphthene

5505 Acenaphthylene

7005 Alachlor

7025 Aldrin

5555 Anthracene
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Drinking 
Water

EPA 525.2 2 7065 Atrazine

5575 Benzo(a)anthracene

5580 Benzo(a)pyrene

5590 Benzo(g,h,i)perylene

5600 Benzo(k)fluoranthene

5585 Benzo[b]fluoranthene

6062 bis(2-Ethylhexyl)adipate

7130 Bromacil

7160 Butachlor

5670 Butyl benzyl phthalate

7310 Chlorthalonil (Daconil)

5855 Chrysene

6065 Di(2-ethylhexyl) phthalate   (bis(2-
Ethylhexyl)phthalate, DEHP)

5895 Dibenz(a,h) anthracene

7470 Dieldrin

6070 Diethyl phthalate

6135 Dimethyl phthalate

5925 Di-n-butyl phthalate

7540 Endrin

7555 EPTC (Eptam, s-ethyl-dipropyl thio 
carbamate)

6270 Fluorene

7120 gamma-BHC (Lindane, gamma-
HexachlorocyclohexanE)

7685 Heptachlor

7690 Heptachlor epoxide

6275 Hexachlorobenzene

6285 Hexachlorocyclopentadiene

6315 Indeno(1,2,3-cd) pyrene

7810 Methoxychlor

7835 Metolachlor

7845 Metribuzin

7875 Molinate

6615 Phenanthrene

8040 Prometryn

8045 Propachlor (Ramrod)

6665 Pyrene

8125 Simazine

8180 Terbacil

8220 Thiobencarb

8295 Trifluralin (Treflan)

EPA 531.2 1 10091302 Carbamate Pesticides by Post-column 
Derivitization HPLC/Fluorescence

7710 3-Hydroxycarbofuran
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Drinking 
Water

EPA 531.2 1 7010 Aldicarb (Temik)

7015 Aldicarb sulfone

7020 Aldicarb sulfoxide

7195 Carbaryl (Sevin)

7205 Carbofuran (Furaden)

7800 Methiocarb (Mesurol)

7805 Methomyl (Lannate)

7940 Oxamyl

8080 Propoxur (Baygon)

EPA 537 1.1 10091675 Perfluorinated Alkyl Acids in Drinking 
Water by SPE and LC/MS/MS

4846 2-(N-Ethyl-perfluorooctane sufonamido) 
acetic acid (EtFOSAA)

4847 2-(N-Methyl-perfluorooctane 
sulfonamido) acetic acid (MeFOSAA)

6911 Perfluorobutane Sulfonate (PFBS)

6905 Perfluorodecanoic acid (PFDA)

6903 Perfluorododecanoic (PFDDA)

6908 Perfluoroheptanoic acid (PFHpA)

6910 Perfluorohexane Sulfonate (PFHS)

6913 Perfluorohexanoic acid (PFHXA)

6906 Perfluorononanoic acid (PFNA)

6912 Perfluorooctanoic acid

6909 Perfluorooctanoic Sulfonate (PFOS)

6902 Perfluorotetradecanoic acid (PFTDA)

9563 Perfluorotridecanoic (PFTRIA)

6904 Perfluoroundecanoic acid (PFUDA)

EPA 547 10092009 Glyphosate by Direct Aqueous Injection 
by Post-column Derivitization and 
HPLC/Fluorescence

9411 Glyphosate

EPA 548.1 1 10092805 Endothall by Ion Exchange, Methylation 
and GC/MS

7525 Endothall

EPA 549.2 1 10093400 Diquat/Paraquat by Liquid/Liquid 
Extraction and HPLC/UV-VIS

9390 Diquat

9528 Paraquat

EPA 551.1 1 10094801 Chlorination Disinfection Byproducts, 
Liquid/Liquid Extraction and GC/ECD

5190 1,1,1-Trichloro-2-propanone

7450 1,1-Dichloro-2-propanone

7140 Bromochloroacetonitrile

4395 Bromodichloromethane

4400 Bromoform

4460 Chloral hydrate
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Drinking 
Water

EPA 551.1 1 4575 Chlorodibromomethane

4505 Chloroform

7270 Chloropicrin

7420 Dibromoacetonitrile

7440 Dichloroacetonitrile

5205 Total trihalomethanes

8270 Trichloroacetonitrile

EPA 552.2 1 10095804 Haloacetic Acid/Dalapon, Liquid/Liquid 
Extraction, Derivitization and GC/ECD

9312 Bromoacetic acid

9315 Bromochloroacetic acid

8535 Bromodichloroacetic acid(BDCAA)

9336 Chloroacetic acid

9339 Chlorodibromoacetic acid(CDBAA)

9357 Dibromoacetic acid

9360 Dichloroacetic acid

9414 Total haloacetic acids

9639 Tribromoacetic acid (TBAA)

9642 Trichloroacetic acid

EPA 552.3 1 10239608 Haloacetic Acid/Dalapon, 
Microextraction, Derivitization and 
GC/ECD

9312 Bromoacetic acid

9315 Bromochloroacetic acid

8535 Bromodichloroacetic acid(BDCAA)

9336 Chloroacetic acid

9339 Chlorodibromoacetic acid(CDBAA)

9357 Dibromoacetic acid

9360 Dichloroacetic acid

9414 Total haloacetic acids

9639 Tribromoacetic acid (TBAA)

9642 Trichloroacetic acid

EPA 556 1 10097004 Determination of Carbonyl Compounds 
in Drinking Water by 
Pentafluorbenzylhydroxylamine 
Derivatization and Capillary Gas 
Chromatography with Electron Capture 
Detection

4300 Acetaldehyde

5570 Benzaldehyde

4430 Butylaldehyde (Butanal)

4545 Crotonaldehyde

4560 Cyclohexanone

4565 Decanal

4815 Formaldehyde

9413 Glyoxal
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Drinking 
Water

EPA 556 1 4820 Heptanal

3825 Hexanaldehyde (Hexanal)

7266 Methyl glyoxal

9525 n-Octaldehyde (Octanal)

6575 Nonanal

6935 Propanal (Propionaldehyde)

4040 Valeraldehyde (Pentanal, 
Pentanaldehyde)

EPA 906 10114008 Tritium

3030 Tritium

NJ ECLS-R-GA 
8

90014394 NJ Environmental and Clinical 
Laboratory Services 48 Hour Rapid 
Gross Alpha Test

2830 Gross-alpha

SM 2120 B 
22nd Ed

20039014 Color - Visual Comparison Method

1605 Color

SM 2320 B 21st 
ED

20045403 Alkalinity by Titration Method

1505 Alkalinity as CaCO3

SM 2320 B 
22nd Ed

20045414 Alkalinity by Titration

1615 Corrosivity

SM 2330 B 
22nd Ed

20003365 Calcium Carbonate Indices

1615 Corrosivity

SM 2340 B 
22nd Ed

20046417 Hardness - Hardness by Calculation

1760 Hardness (calc.)

1804 Magnesium Hardness

SM 2340 B-97 
1997

20046600 Hardness by calculation

1550 Calcium hardness as CaCO3

1755 Total hardness as CaCO3

SM 2510 B 
22nd Ed

20048413 Conductivity by Probe

1610 Conductivity

SM 2540 C 
22nd Ed

20050424 Total Dissolved Solids Dried at 180 deg 
C

1955 Residue-filterable (TDS)

SM 4500-Cl G 
22nd Ed

20081418 Chlorine (Residual) - DPD Colorimetric 
Method

1945 Residual free chlorine

SM 4500-Cl G 
21st ED

20081407 Chlorine by DPD Colorimetric Method 

1940 Total residual chlorine

SM 4500-F C 
22nd Ed

20102210 Fluoride by Ion Selective Electrode

1730 Fluoride
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Drinking 
Water

SM 4500-P E 
21st ED

20124009 Phosphorus by Ascorbic Acid Method 

1870 Orthophosphate as P

SM 5310 C 21st 
ED

20138607 TOC by Persulfate-Ultraviolet or 
Heated-Persulfate Oxidation Method

1710 Dissolved organic carbon (DOC)

2040 Total organic carbon

SM 5910 B 
22nd Ed

20146218 UV-Absorbing Organic Constituents - 
Ultraviolet Absorption Method

2060 UV 254

SM 7110 B 
(GPC) 22nd Ed

20156814 Gross alpha/beta by Evaporation by 
Proportional Counte

2830 Gross-alpha

2840 Gross-beta

SM 7110 C 
(GPC) 22nd Ed

20158810 Gross alpha by Coprecipitation

2830 Gross-alpha

SM 7500-Ra B 
(GPC) 22nd Ed

20170416 Radium - Precipitation Method

2965 Radium-226

SM 7500-Ra D 
22nd Ed

20173415 Radium by Sequential Precipitation 
Method

2970 Radium-228

SM 7500-RN B 
22nd Ed

20173711 Radon by Liquid Scintillation Method

2985 Radon

SM 9215 E 
SimPlate® 

20185302 Fluorogenic Quantitative (SimPlate®): 
Heterotrophic Bacteria

2555 Heterotrophic plate count

SM 9223 B 
(Colilert Quanti-
Tray)-2004 
22nd Ed

20211614 Enzyme Substrate Coliform Test 
(Colilert Quanti-Tray)

2525 Escherichia coli

2500 Total coliforms

SM 9223 B 
(Colilert) 22nd 
Ed

20212413 Enzyme Substrate Coliform Test 
(Colilert) P/A

2525 Escherichia coli

2500 Total coliforms

SM 9223 B 
(Colilert-18) 
22nd Ed

20214419 Enzyme Substrate Coliform Test 
(Colilert-18)

2525 Escherichia coli

2500 Total coliforms

SM 9223 B 
(Colisure) 22nd 
Ed

20231612 Enzyme Substrate Coliform Test 
(Colisure)

2525 Escherichia coli

2500 Total coliforms

Non-
Potable 
Water

EPA 1623 10236609 Filtration/IMS/FA: Cryptosporidium and 
Giardia

2510 Cryptosporidia
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Non-
Potable 
Water

EPA 1623 2545 Giardia
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United States Environmental Protection Agency
Office of Water

Office of Ground Water and Drinking Water
Standards and Risk Management Division

Technical Support Center
UCMR Laboratory Approval Program

Eurofins Eaton Analytical, Inc. ‐ IN
110 S. Hill Street

South Bend, IN 46617

Based on the review of submitted applications and successful participation in a Proficiency Testing (PT) Study for the 
fourth Unregulated Contaminant Monitoring Rule (UCMR 4), EPA has granted the status of “approved” to your 
laboratory for the method(s) listed below to the following laboratory at the listed address: 

The application and PT criteria are listed in the “UCMR 4 Laboratory Approval Requirements and Information 
Document, Version 2.0.” Your laboratory is now "approved" to conduct UCMR 4 analyses using the following 
method(s):

LabID: IN00035

Method Name DateStatus

EPA 200.8 2/6/2017Approved

EPA 525.3 2/6/2017Approved

EPA 530 2/6/2017Approved

EPA 541 2/6/2017Approved

EPA 544 4/3/2017Approved

EPA 545 2/6/2017Approved

EPA 546 2/6/2017Approved

EPA 552.3  4/3/2017Approved

This information will be included in the list of UCMR 4 approved laboratories on our website. Your approval status 
will be maintained during UCMR 4 by continuing to meet the criteria given in the “UCMR 4 Laboratory Approval 
Requirements and Information Document, Version 2.0,” and any revisions to the aforementioned document. 
Please be aware that you are only permitted to conduct UCMR 4 analyses using those methods for which you have 
EPA approval. Should you wish to comment on any of these determinations, please write to:

UCMR 4 Laboratory Approval Coordinator
 USEPA, Technical Support Center

 26 W. Mar n Luther King Drive (MS 140)
 Cincinna , OH 45268

   UCMR_Lab_Approval@epa.gov

End of Method List 
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United States Environmental Protection Agency
Office of Water

Office of Ground Water and Drinking Water
Technical Support Center

UCMR Laboratory Approval Program

Eurofins Eaton Analytical, Inc. ‐ IN

110 S. Hill Street

South Bend, IN 46617

Based on the review of submitted applications for each of the listed methods, EPA has granted the status 
of “authorized” to your laboratory for the method(s) listed below to the following laboratory at the listed 
address: 

The application criteria are listed in the “UCMR 4 Laboratory Approval Requirements and Information 
Document, Version 2.0.” Your laboratory is now "authorized" to conduct UCMR 4 analyses using the 
following method(s):

LabID: IN00035

Method Name DateStatus

SM 5310 C 1/10/2017Authorized

EPA 300.0 (Rev. 2.1) 1/10/2017Authorized

This information will be included in the list of UCMR 4 approved laboratories. Your status will be 
maintained during UCMR 4 by continuing to meet the criteria given in the “UCMR 4 Laboratory 
Approval Requirements and Information Document, Version 2.0,” and any revisions to the 
aforementioned document. Please be aware that you are only permitted to conduct UCMR 4 analyses 
using those methods for which you have EPA approval. Should you wish to comment on any of these 
determinations, please write to:

UCMR 4 Laboratory Approval Coordinator
 USEPA, Technical Support Center

 26 W. Mar n Luther King Drive (MS 140)
 Cincinna , OH 45268

   UCMR_Lab_Approval@epa.gov

End of Method List 
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