PER- AND POLYFLUOROALKYL SUBSTANCES

CHARACTERIZATION OF
PER- AND POLYFLUOROALKYL SUBSTANCES
IN CALIFORNIA’S DRINKING WATER AT
DISADVANTAGED COMMUNITIES
GENERAL ORDER NO. DW-2024-0002-DDW

QUALITY ASSURANCE PROJECT PLAN

September 2024

-

CALIFORNIA

Water Boards




PFAS QUALITY ASSURANCE PROJECT PLAN

GENERAL ORDER NO. DW-2024-0002-DDW SEPTEMBER 2024

A. PROJECT MANAGEMENT

A.1. TITLE AND APPROVAL SHEET

Project Title: Characterization of PFAS in California’s Drinking Water
Quality Assurance Project Plan at Disadvantaged Communities

Lead Organization: California State Water Resources Control Board
1001 | Street
Sacramento, CA 95814

Primary Contact: Daniel Newton
Assistant Deputy Director
Division of Drinking Water
State Water Resources Control Board
Daniel.Newton@Waterboards.ca.gov
Effective Date: September 2024

Version: Version 1.0

State Water Resources Control Board 2



PFAS QUALITY ASSURANCE PROJECT PLAN

GENERAL ORDER NO. DW-2024-0002-DDW

SEPTEMBER 2024

A 2. APPROVAL SIGNATURES

NAME ORGANIZATION ROLE SIGNATURE DATE
DANIEL State Water . .
NEWTON Board Project Director %Z,{/ﬁ oot 7/30/2024
ANDREW State Water )
HAMILTON Board QA Officer W 7/30/2024
WENDY LINCK | S® Water | project Manager A/ (ﬂ/\f 713012024
Project Coordinator )
ERICA KALVE Staéi;’\rljter & PFAS Technical | £ ) Na e 7/30/2024
Lead
State Water
TBD Board Data Manager
RACHEL Babcock Laboratory
CAHILL Laboratories Technical Director %&S‘ 9/5/2024
DAVID Babcock Organics Technical w
SCHIESSEL Laboratories Manager % 9/5/2024
Babcock Laboratory QA j,{,/qj_ é, 1/5,,/ e
JULIA SUDDS . : t ACS 9/5/2024
Laboratories Officer
BRIAN L I e
CURRIER Water Programs Manager . . 9/6/2024
(OWP)
CAITLYNLEO | CSUS OWP Sampling - 9/8/2024
Coordinator
Sampling
ELISABETH Geosyntec
HAWLEY Consultants, Inc. Supcontractor - f}{njﬁ Nw«[{ 7/30/2024
Project Manager

State Water Resources Control Board




PFAS QUALITY ASSURANCE PROJECT PLAN

GENERAL ORDER NO. DW-2024-0002-DDW SEPTEMBER 2024

A.3. TABLE OF CONTENTS

A. PROJECT MANAGEMENT ... e e s s s ss s s s s s s s s s s s s s s s s s s s s e e e s s s s e s s e s e nnnnn s 2
A.1. TITLE AND APPROVAL SHEET .....ooiiiiiiiiiiieeeeeeeeeeeeee ettt 2
A 2. APPROVAL SIGNATURES ......coiiiiiiiiiiieieeeeeeeeeee ettt 3
A.3. TABLE OF CONTENTS . ..ottt e e 4
A4 DISTRIBUTION LIST ..ttt 9
A.5. PROJECT ORGANIZATION ..ottt 10

A.5.1. Involved Parties and ROIES..........ccoooiiiiiiiiiice e 10
A.5.2. Project Consultants and Contractors...........cccooveeevviiiiiiiii e 10
A.5.3. Quality Assurance OffiCer ROIE ............ooeeiiiiiiiiiiiiiiiiiiiiiiieeieeeeeeeeeeee e 11
A.5.4. Technical AdviSOrs and SUPPOIt........ooeeeiiiuiiiiiee e 11
A.5.5. Persons Responsible for QAPP Update and Maintenance ..........cccccccee..... 11
A.6. PROJECT BACKGROUND .....cottiiiiiiiiiiiieeeeeeee ettt 11
A.6.1. State-wide PFAS Investigation ... 12
A.6.2. 2021 PFAS Methods Comparison Pilot Study.............eiiiiiiiiiiiiiciieeeee, 12
A.6.3. 2023 PFAS Methods Comparison Study...........cceeeeveeiiiiiiiiiiiiiiiiiiiieeeeeeeeeee 14
A.7. PROJECT DESCRIPTION ...cooiiiiiiiiiiiiiiieeeeeeeeeee ettt 15
A7, Intended Use of Data ..........ooviiiiiiiiii e 16
A.7.2. Project ODJECHIVES .......ooiiiiiiiiiiiiiiiiicee e 16
A.7.3. Geographic Distribution of Sampling Locations..............cccvvvviiiiiiiiiiiiiiinnne. 17
A.7.4. Monitoring Parameters ... e 19
A.7.5. ProjeCt SChedUIE .........coooiiiee e 22
A.8. QUALITY OBJECTIVES AND CRITERIA FOR MEASUREMENT DATA........... 23
A.8.1. Data Quality ObJECHVES .........cuviiiiiiiiiiiiiiiieeee e 23
A.8.2. Data Quality INAICAtOrS .........ccoviiiiiiiiiiiiiiiiee e 23
A.8.3. Measurement Quality ObJECHIVES...........ouuiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeee e 26
A.9. SPECIAL TRAINING OR CERTIFICATION......cottiiiiiieieiieeeeeeeeeee e 26
A.10. DOCUMENTS AND RECORDS ......cooiiiiiiiiiiieeeeeeeeee ettt 27
A 101, Field RECOIS .....euiiiieeeeeeee e e 27
A.10.2. Laboratory RECOIAS........oouuiiiiiiieiiee e et e e e 27
A.10.3. Record Retention POlICY ..........iiiiiiiiiieiiee et 27
A.10.4. QAPP DiStriDULION ....oeeviiiiiiiiiiiiiiiiieeee et 28

State Water Resources Control Board 4



PFAS QUALITY ASSURANCE PROJECT PLAN

GENERAL ORDER NO. DW-2024-0002-DDW SEPTEMBER 2024

A.11. PROJECT COMMUNICATIONS PLAN ....ooiiiiiiiiiiiiieeeeeeee ettt 28
B. DATA GENERATION AND ACQUISITION......ccccviiiiieieeeeeeeeeeseessesssssssssssssssesssssssseees 28
B.1. SAMPLING EXPERIMENTAL DESIGN........cuuuiiiiiiiiiiiiiiiiiiiiieeeeeennaees 28
B.1.1. DAC/SDAC Well SampPling .......ccooiiiiiiiiiieee e e 28
B.1.2. Pre-selected sample locations for NTA and Ultra-short PFAS ..................... 29
B.1.3. Evaluation of Drinking Water Treatment Technologies .............ccccceeeeeeeen. 29
B.2. SAMPLE COLLECTION .....uuuiiiiiiiiiiiiiiiiiiieieeeaasasnaassesnnsss s snnnnnnes 29
B.2.1. Sample ProCeAUIE...........ouuuiiiie e e e e e e e e e eeeeees 30
B.2.2. Daily Field ChecKIiSt ..........ccoiiiiiiiiiii e 30
B.2.3. Contamination Preventative Measures..............ooouuiiiiiiiiieecicie e, 30
B.2.4. Sample Field FOrM ........ooouiuiiiiii e 31
B.2.5. Water Quality Field Parameters .........cccoooiiiiiii e 31
B.2.6. Additional Field Data Collection (One-Time) .........cccceviiiiiiiiiiiiiiiii e, 32
B.2.7. Sample HandliNg ........cooeiiiiiiiiie e aaanes 33
B.2.8. Sample Chain of CUStOAY ... 35
B.2.9. Sample Documentation, Retention and Disposal............cccccevvvviiiiiiiieeieennnns 36
B.3. ANALYTICAL METHODS ........ouuuiiiiiiiiiiiiieiieiie e nnnnnnes 36
B.3.1 Targeted ANAIYSES ... e 36
B.3.2 Adding Scope to EPA Method 533...........coiiiiiiii e 36
B.3.3 Ultra-Short PFAS ANAIYSIS .......ccooiiiiiieiieee e e 37
B.3.4 Non-targeted ANAlYSES ........oo i e 37
B.4. QUALITY CONTROL (QC) REQUIREMENTS ... 38
B.4.1. Instrument Performance.............oooooiiiiiiiiiiee e e 38
B.4.2. Quality Control (QC) SamPIES......ccoeiiiiiiiiiiiiie e 38
B.4.3. Frequency of QC SamPIESs ........ccovviiiiiiiiiiiee e e 40
B.4.4. QC Sample Calculations ............oooiiiiiiiiiiiee e e 42
B.5. INSTRUMENT/EQUIPMENT TESTING, INSPECTION, AND MAINTENANCE .43
B.5.1 Field EQUIDMENT ... e e 43
B.5.1 Laboratory Instrumentation..............cooouiiiiiiii e 44
B.6. INSTRUMENT/EQUIPMENT CALIBRATION .......cuuiiiiiiiiiiiiiiiiiiiiieiiieees 44
B.6.1 Field Equipment Calibration ..............ooueiiiiiiiiii e, 44
B.6.2 Laboratory Instrument Calibration ..............cccoooiii 44

State Water Resources Control Board 5



PFAS QUALITY ASSURANCE PROJECT PLAN

GENERAL ORDER NO. DW-2024-0002-DDW SEPTEMBER 2024

B.7. INSPECTION/ACCEPTANCE REQUIREMENTS FOR SUPPLIES AND

CONSUNMABLES ... e e sssnsnnsnnsnnsnnns 44
B.8. NON-DIRECT MEASUREMENTS .......euiiiiiiiiiiiiiiiieieeeeeeeeneeeeeee e 45
B.9. DATA MANAGEMENT ..ottt nnnnnnnnes 45
B.9.1 Data Entry Methods ........ooeniiii e 45
B.9.2  Well Data ... s 45
B.9.2 Daily Field Checklist and Field Data Entry...........ccooovviiiiiiieeiie, 47
B.9.3 EleCtronic Data ........oii i 47
B.9.4  Analytical Data...........ccccouuiiiiiiiiiiii e 47
B.9.5  Submitting Data — Data Uploads.............cccccuuuimmiimiiiiiie 47
B.9.6 Data Modification.............ouuiiiiiie e 50
C. ASSESSMENT AND OVERSIGHT ......cuuueemeieemrmmrnnnnnnnsssnssnsnennnnnnsnsssssssssssssssnsnnnnnes 51
G 1. AS S E S SIMENT . e e s 51
C.2. REPORTS TO MANAGEMENT ... e 51
D. DATA VALIDATION AND USABILITY ..o s s 51
D.1. DATA REVIEW, VALIDATION AND USABILITY ..cooviiiiiiiiieiieeeeeeeeeeeeee e 51
D.2. VERIFICATION AND VALIDATION METHODS........cooviiiiiiieieeeeeeeeeee e 51
D.3. RECONCILIATION WITH PROJECT REQUIREMENTS ... 52
E. REFERENCES ..........oo oo s s s s s s s e e s s e s s e e e e e e e e e e e e s s s s s s e e e e e e s 53
APPENDIX A: PRE-SELECTED WELLS FOR NTA AND ULTRA-SHORT PFAS
N 7 I 5 1 54
APPENDIX B: THE SCHYMANSKI SCALE ... s 77
APPENDIX C: DAILY FIELD CHECKLIST .....ccoiiiiiiiiiiirssssssssssss e e e s e s s s s s s s s s s s s s e 78
APPENDIX D: SAMPLE FIELD FORM ... s s 81
APPENDIX E: CHAIN OF CUSTODY FORM........ccooiiiiii s 86
APPENDIX F: CORRECTIVE ACTION REPORT TEMPLATE .......cccccciiiieeeeeeeeeeee e 88
APPENDIX G: SAMPLE BOTTLE KIT, SAMPLE PREPARATION FOR SHIPPING,
PACKING THE COOLER, AND SHIPPING INSTRUCTIONS...........cccccciiiiiereeeeeee e 89
APPENDIX H: TENTATIVE COMPOUND LIST FOR MONITORING DATA QUALITY
BY LC-HRMS AND IC-MS/MS .......coooiiiiiiiiiicicissssss s see s s s e s s s s s s s s s s s s s s s s s s s s s s s s s e e e s e s s e e s e e nnsnnns 95
APPENDIX I: WELL DATA — ELECTRONIC DATA DICTIONARY .......ccceviiiiririnnnnnnes 98
APPENDIX J: FIELD DATA — ELECTRONIC DATA DICTIONARY .......ccccvviiiriiirennes 99
APPENDIX K: EPA METHOD 533 DATA - ELECTRONIC DATA DICTIONARY. ...... 101

State Water Resources Control Board 6



PFAS QUALITY ASSURANCE PROJECT PLAN

GENERAL ORDER NO. DW-2024-0002-DDW SEPTEMBER 2024

APPENDIX L: EPA METHOD 533 +, AOF-CIC, IC-MS/MS DATA - ELECTRONIC
DATA DICTIONARY ...ttt sass s s asss s s aann s s e 103

APPENDIX M: NTA - ELECTRONIC DATA DICTIONARY ......ccovimmrrrrninnsnnssannneen 106
APPENDIX N: BABCOCK LABORATORY’S DATA VALIDATION QUALIFIERS.... 108

Table 1: Distribution LiSt.......coooiii e s 9
Table 2: PFAS ldentified in 2021 Pilot Study using Suspect Screening Analysis.......... 13
Table 3: Number of DAC/SDACs wells per County .........ccccccuumimiimiiiiiiiiies 18
Table 4: List of Targeted PFAS and Non-Target Analytes for Well Samples ................ 19
Table 5: Projected Project TIMeliNe. ..... ..o 22
Table 6: Measurement Quality Objectives for Targeted Analyses............ccccooiiiiinnnen. 26
Table 7: Precision and accuracy for the Field Multiparameter Meter ..............ccc........... 32
Table 8: Sample Containers, Preservative, and Holding Times ..............cccceeevvvviininnn..e. 35
Table 9: Quality Control Samples and Frequency for Project............ccccccooiiiiiiiinnnnns 40

Figure 1: Map of Project Locations of Public Water Supply Wells servicing DAC/SDACs

@721 11 o] o 1= TP PRSPPI 17
Figure 2: Distribution of sample locations preselected for non-target analyses (red).

These preselected sample locations are a subset of the project...............cccoevinnnnnnnnnl. 21
Figure 3. Field and Analytical Electronic Data Process Flow .............cccccoeiiiiiiiiiinncnnnnnn. 46

State Water Resources Control Board 7



PFAS QUALITY ASSURANCE PROJECT PLAN

GENERAL ORDER NO. DW-2024-0002-DDW SEPTEMBER 2024

QAPP REVISION HISTORY

QAPP ID Number Prepared By Dat_e .Of Description of Change
Revision
State Water " .
Initial version
Board

State Water Resources Control Board 8



PFAS QUALITY ASSURANCE PROJECT PLAN

GENERAL ORDER NO. DW-2024-0002-DDW SEPTEMBER 2024

A.4. DISTRIBUTION LIST
Table 1: Distribution List

NAME ORGANIZATION ROLE EMAIL
DANIEL NEWTON State Water Board Project Director Daniel.Newton@waterboards.ca.gov
ANDREW HAMILTON State Water Board Quallté?iis;rance Andrew.Hamilton@waterboards.ca.gov
WENDY LINCK State Water Board Project Manager Wendy.Linck@waterboards.ca.gov
Project
Coordinator & ;
ERICA KALVE tate Water B Erica.Kal t .ca.
C State Water Board PEAS Technical rica.Kalve@waterboards.ca.gov
Lead
TBD State Water Board Data Manager TBD
MANOELA ROMANO Project Manoela.RomanoDeOrte@waterboard
DE ORTE State Water Board Coordinator s.ca.gov
MATT SMALL US EPA Region 9 PFAS Liaison small.matthew@epa.gov
JAMES MCCORD US EPA ORD Technical Advisor mccord.james@epa.gov
JON SOBUS US EPA ORD Technical Advisor sobus.jon@epa.gov
JACKIE BANGMA US EPA ORD Technical Advisor bangma.jacqueline@epa.gov
Babcock Laboratory :
3ERIS5 R Laboratories Technical Director el @lababatea i
DAVID SCHIESSEL Babcock Organics dschiessel@babcocklabs.com
Laboratories Technical
Babcock Laboratory Quality .
JULIA SUDDS Laboratories Assurance Officer jsudds@babcocklabs.com
BRIAN CURRIER CSUS Office of | Sampling Project brian.currier@owp.csus.edu
Water Programs Manager
CSUS Office of Sampling .
CAITLYN LEO Water Programs Coordinator caitlyn.leo@owp.csus.edu
Geosyntec Sampling
ELISABETH HAWLEY Subcontractor - EHawley@Geosyntec.com
Consultants, Inc. :
Project Manager

CSUS = California State University, Sacramento

State Water Board = California State Water Resources Control Board
US EPA = US Environmental Protection Agency

US EPA ORD = US EPA Office of Research and Development

State Water Resources Control Board 9



PFAS QUALITY ASSURANCE PROJECT PLAN

GENERAL ORDER NO. DW-2024-0002-DDW SEPTEMBER 2024

A.5. PROJECT ORGANIZATION

A.5.1. Involved Parties and Roles

The California State Water Resource Control Board (State Water Board) is the lead
agency for the Characterization of Per- and Polyfluoroalkyl Substances (PFAS) in
California’s Drinking Water (Project). The State Water Board Project Director is
responsible for overseeing the project strategy, project budget, allocation of project
funds, and the implementation of all project activities. The State Water Board Project
Manager will support the State Water Board Project Director in the day-to-day
management of the Project and coordination with consultants and contractors of the
Project. The State Water Board Project Technical Lead, State Water Board Project
Coordinator, and Sampling Project Managers will support the State Water Board Project
Director and State Water Board Project Manager with development of the Project’s
experimental design and sampling strategy, as well as support in the analysis and
assessment of collected data. The State Water Board Data Manager will oversee the
management of data files associated with sampling and analytical testing activities that
are submitted by the Project consultants and contractors, as well as manage an
intermediary database used to store and track project data and transmit project data to
legacy data systems for the Water Boards, if necessary. The State Water Board Data
Manager will also help develop data visualization tools that will be used for internal data
assessment or release of data to the public.

A.5.2. Project Consultants and Contractors

The State Water Boards is contracting with the Office of Water Programs at California
State University, Sacramento (OWP) to provide sampling and education services. The
Sampling Coordinator from OWP is responsible for community education outreach
including the development of education materials that will support this Project and
coordinating with and supporting their subcontractor. OWP’s contractor is responsible
for the collection of well samples, shipment of samples to the contract laboratory, and
delivery of education materials to communities.

Other supporting team members for the Project include the Laboratory Technical
Director and the Organics Technical Manager from the State Water Board’s contract
laboratory, Babcock Laboratories Inc. The Technical Director is responsible for
overseeing all technical operations of the laboratory and ensuring that the laboratory
has the necessary resources to provide quality services for the Project. The Organics
Technical Manager is responsible for overseeing all analyses and services provided for
the Project and providing guidance on method performance and method requirements
to align with Project objectives. The Laboratory Quality Assurance Officer (Laboratory
QAO) is responsible for ensuring the laboratory’s quality management system is
implemented and always followed for this Project.
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The OWP Sampling Coordinator and Field Project Manager will coordinate with the
Laboratory Technical Director on number of samples not to exceed laboratory testing
capacity, sampling schedule, shipping of sample kits, and tracking receipt of samples.

A.5.3. Quality Assurance Officer Role

The State Water Board Quality Assurance Officer (State Water Board QAQO) reviews the
Quality Assurance Project Plan (QAPP) to ensure that the quality assurance (QA)
policies and procedures implemented in the Project are consistent with QA principles of
the State Water Board and conform to the State Water Board's Quality Management
Plan. The State Water Board QAO also provides general guidance on QA issues that
arise during implementation of the Project.

A.5.4. Technical Advisors and Support

This Project is implemented in coordination with the US Environmental Protection
Agency (EPA) Office of Research and Development (EPA ORD). Technical elements
related to non-targeted analyses (NTA) included in this QAPP are the outcomes of
collaboration with EPA ORD, three states (Maryland, Minnesota, and California), and
their respective EPA regional offices as part of the EPA’s Regional-ORD Applied
Research (ROAR) Program. EPA’s ORD Technical Advisors provided expertise in NTA
experimental design, data collection, data processing, and interpretation for the State
Water Board to consider for this QAPP. A separate QAPP was developed and
maintained by EPA ORD for the California project associated with the ROAR Program
that highlights California’s coordination with the EPA and includes project objectives that
are relevant to the needs of the three participating states.

Separately, the State Water Board reached an agreement with EPA ORD to provide
technical support and guidance on data interpretation and processing of the NTA data
for the Project. The EPA Region 9 PFAS Liaison will be a point of contact to coordinate
meetings and knowledge sharing between Project leads and EPA Technical Advisors.

A.5.5. Persons Responsible for QAPP Update and Maintenance

Project Task Coordinators in coordination with the Project Technical Lead and Project
Manager are responsible for maintaining and updating the QAPP including updates to
addendums or referenced materials. Updates will be submitted to the QA Officer for
review and approval to ensure updates remain consistent with the State Water Board’s
QA principles and conform to the State Water Board’s Quality Management Plan.

A.6. PROJECT BACKGROUND

PFAS are a family of synthetic, fluorinated chemicals with unique physical and chemical
properties that have wide uses in various industries because of their thermal stability,
friction reduction, and ability to repel water, oil, soil, and stains. Products containing
PFAS have been used in aerospace, automotive, aviation, medical, electronic, and
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construction industries, as well as found in consumer products and firefighting
applications. PFAS are highly persistent contaminants that can accumulate in living
organisms and in the environment. The main sources of PFAS to the aquatic
environment include discharge from wastewater treatment plants, emissions from
manufacturing facilities, industrial factories, and landfill leachate. Insufficient removal of
PFAS in wastewater treatment plants and direct discharge from surface runoff may
affect drinking water sources and threaten drinking water safety. Therefore, drinking
water is considered a significant contributor to PFAS human exposure.

A.6.1. State-wide PFAS Investigation

To assess the presence of PFAS in California’s waters, in 2019, the State Water
Board'’s Division of Water Quality (DWQ) and Division of Drinking Water (DDW), in
coordination with Regional Water Boards, developed an investigative approach to
monitor PFAS across the state. DWQ sent statewide investigation orders to commercial
airports, municipal solid waste landfills, chrome plating facilities, wastewater treatment
plants, bulk fuel terminals and oil refineries to establish targeted monitoring at facilities
of that were known or suspected PFAS sources'. Subsequently, DDW sent orders to
hundreds of public water systems (PWS), selected based on proximity to the facilities
targeted by DWQ investigative orders or based on prior detection of PFAS in the public
water system and a need for continued monitoring?. This coordinated effort was the
Water Boards initial approach to characterize PFAS across the state.

A.6.2. 2021 PFAS Methods Comparison Pilot Study

In 2021, the State Water Board performed a pilot study to compare and understand the
utility of different methodologies and approaches to detect PFAS in PWS well samples.
This pilot study was designed to enhance the knowledge gained from the 2019 efforts
by utilizing multiple different methodologies and analytical approaches to characterize
PFAS in water samples and to inform future monitoring efforts. Samples were collected
from nine PWS wells that are located near airports or landfills where elevated PFAS
concentrations were suspected or an area where elevated PFAS concentrations had
been detected. The samples were analyzed for PFAS using EPA Methods 537.1 (18
analytes) and 533 (25 analytes) and a performance-based approach included in the
Department of Defense’s Quality System Manual 5.3, Table B-15 (DoD QSM, 35
analytes). Split samples were also analyzed using the Total Oxidizable Precursor (TOP)
assay method to investigate the presence of PFAS precursors in the samples, and
Adsorbable Organic Fluorine using Combustion lon Chromatography (AOF-CIC), which
was used as a proxy for total organic fluorine content in the samples. The comparison

' For more information on DWQ investigative order, see:
https://www.waterboards.ca.gov/pfas/non_drinking_water.html

2 For more information on DDW investigative order, see:
https://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/pfas_ddw_general_order/
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between targeted analytical data to the AOF-CIC data revealed that the concentrations
of organofluorine compounds present in the PWS wells were higher than the sum of
PFAS concentrations measured using targeted analytical methods.

To understand the uncharacterized organofluorine identified by AOF-CIC, the State
Water Board enlisted the help of a contracted laboratory to perform suspect screening
analysis (SSA) of sample extracts of the nine well samples. The SSA was performed by
analyzing the extracts with a high-resolution mass spectrometer (HRMS) in full scan
mode and comparing the molecular features in the samples to the molecular features of
known PFAS, utilizing a chemical library of 435 PFAS chemicals (referred to as
“suspects”). While the SSA can identify specific masses and their molecular formulas, it
is unable to provide quantitated concentrations. However, an estimated relative
abundance of the PFAS compound was determined by SSA based on the signal
strength of the molecular features. The SSA revealed that the most abundant PFAS in
the nine samples were matched with known short-chain (C4-C6) and ultra-short chain
(C1-C3) PFAS (Table 2), which are PFAS not included in targeted analytical methods.

Table 2: PFAS Identified in 2021 Pilot Study using Suspect Screening Analysis

PFAS Compound Name (acronym) Class Chemical
Formula
Trifluoromethane sulfonic acid (TFMS) Ultra-short chain Perfluorosulfonate CHF303S
Perfluoroethane sulfonic acid (PFES) Ultra-short chain Perfluorosulfonate C2HF503S
Perfluoropropane sulfonic acid (PFPS) Ultra-short chain Perfluorosulfonate C3HF703S
Perfluoropropionic acid (PFPrA) Ultra-short chain Carboxylate C3HF502
Triflimidic acid (TFMSA) Ultra-short chain Perfluorosulfonamide CH2F3NO2S
Perfluoroethane sulfonamide (PFESA) Ultra- short chain Perfluorosulfonamide | C2H2NO2F5S
Perfluoropropane sulfonamide (PFPSA) | Ultra- short chain Perfluorosulfonamide | C3H2F7NO2S
Perfluorobutane sulfonamide (PFBSA) Ultra- short chain Perfluorosulfonamide | C4H2F9NO2S
Bistriflimide (TFSI) Ultra- short chain Perfluorosulfonamide | C2HF6NO4S2
Perfluorohexacyclohexane sulfonic acid Perfluorinated cyclohexane sulfonate C6HF1303S
(PFChS)
Perfluoroheptacyclohexane sulfonic .
acid (PFMeChsS) Perfluorinated cyclohexane sulfonate C7HF1303S
Perfluorooctocyclohexane sulfonic acid .
(PFetChS) Perfluorinated cyclohexane sulfonate C8HF1503S
Oxo-Perfluoropentanoic acid Oxo-Perfluorinated
(4-oxo-PFPeA) Carboxylate/Sulfonate CalnlFroe
Oxo-Perfluorohexanoic acid Oxo-Perfluorinated
(5-oxo-PFHxA) Carboxylate/Sulfonate C6HF903
Oxo-Perfluoroheptanoic acid Oxo-Perfluorinated
(6-oxo-PFHpA) Carboxylate/Sulfonate CrFIes
State Water Resources Control Board 13
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Chemical

PFAS Compound Name (acronym) Class
Formula

Oxo-Perfluoropentane sulfonic acid Oxo-Perfluorinated

(5-oxo-PFHxS) Carboxylate/Sulfonate CEHF1104S
6-Chlorohexane sulfonic acid Chlorine substituted Perfluorosulfonate | C6HCIF1203S
(6CI-PFHxS)

Overall, the study results demonstrated that targeted analytical testing methods are
limited and not able to fully characterize PFAS in water samples. Additionally, other
methodologies to characterize and detect PFAS should be utilized in conjunction with
targeted analyses to gain better understanding of PFAS in water. The information and
knowledge gained from the pilot study are the foundation for the current Project.

A.6.3. 2023 PFAS Methods Comparison Study

In October and November 2023, samples were collected from nine PWS wells by the
State Water Board, Division of Drinking Water (DDW) branch staff and submitted to
Babcock Laboratories. All but one of the wells were also sampled during the 2021
PFAS Methods Comparison Pilot Study. The one well not sampled during this most
recent study was located close to the original well sampled in 2021 and is within the
same public water system.

The primary objective of this 2023 Study was to identify the most appropriate broad-
spectrum analytical method for characterizing the occurrence of “total PFAS” in drinking
water. The most appropriate broad-spectrum analytical method will be reproducible,
robust, with high potential to support feasible ongoing monitoring. A secondary objective
of this study was to characterize the chemical space that is captured by available broad-
spectrum analytical methods. The broad-spectrum test will be an analytical testing
methodology to measure organic fluorine within the broadest chemical space possible
using commercially viable technology, including several subgroups of PFAS that are not
measured using USEPA Method 533 (the analytical method required in California for
monitoring PFAS in drinking water).

The study included broad-spectrum organic fluorine methods that are commercially
viable (i.e., AOF-CIC and extractable organic fluorine by combustion ion
chromatography [EOF-CIC]), and other methods that are primarily available through
academic partnerships. In addition to field sample analysis, the study included several
laboratory control spike experiments to evaluate the analytical fate of analytical
standards that represent a range of inorganic fluorine compounds and ultrashort-chain,
volatile, and cationic PFAS over a range of concentrations. The results from the PFAS
method comparison study are summarized in a memorandum to DDW management
dated March 29, 2024 (State Water Board, 2024).

State Water Resources Control Board 14



PFAS QUALITY ASSURANCE PROJECT PLAN

GENERAL ORDER NO. DW-2024-0002-DDW SEPTEMBER 2024

In comparing the chemical space that was captured by AOF-CIC using an extraction
procedure modeled after USEPA Method 1621 versus EOF-CIC following a procedure
modeled after USEPA Method 533, the findings for inorganic fluorine, many
sulfonamides, volatile PFAS, and cationic PFAS demonstrate that AOF-CIC using an
extraction procedure modeled after USEPA Method 1621 captures a broader organic
fluorine chemical space while also minimizing interference from inorganic fluorine
compounds.

At this time, due to observed limitations with the USEPA 533 extraction process such as
losses of sulfonamides and inclusion of at least one inorganic fluorine compound, it is
recommended that the selected broad-spectrum method not include those methods that
extract organic fluorine using procedures modeled after USEPA 533. As such, AOF-CIC
following sample extraction procedures modeled after USEPA Method 1621 has been
identified as the optimal broad-spectrum method available at this time and is included in
this QAPP.

A.7. PROJECT DESCRIPTION

The State Water Board will significantly expand the scope of the 2021 and 2023 studies
by sampling approximately 3,800 drinking water supply wells serving disadvantaged
communities (DACs) and severely disadvantaged communities (SDACs)? throughout
the state. To characterize the PFAS content in these source wells, both targeted and
non-targeted analyses for PFAS will be performed, as well as a broad-spectrum test
method* to evaluate the organofluorine content of the drinking water source water
(Section A.7.4 Monitoring Parameters). This multifaceted monitoring approach will be
used to elucidate patterns and trends in the PFAS content of drinking water source
water across the state and investigate whether specific PFAS content profiles are
associated with regional areas, community types, or known PFAS-generating industries
or activities.

The multifaceted monitoring approach will also be used to investigate the removal and
pass-through of PFAS in commonly used public water system (PWS) treatment
technologies used in California. The investigation of pilot to full-scale drinking water
treatment systems will be used to inform treatment optimization and needs to manage
PFAS in drinking waters of the state to develop treatment-based regulations for PFAS.

3 Funding for this Project was included in California’s Assembly Bill 178 (Budget Act of 2022), which
included a directive for the State Water Board to monitor PFAS content in the community public water
systems serving disadvantaged and severely disadvantaged communities.

4 In accordance with expectations of AB 178, a method comparison study will be carried out prior to the
initiation of sampling for this Project to determine the most effective broad-spectrum approach for
estimating and quantifying the organofluorine content in these water samples.
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On March 4, 2024, the State Water Board’s Division of Drinking Water (DDW) issued
General Order DW-2024-0002-DDW (2024 Order)® to public water systems to comply
with the testing requirements included in this QAPP. The sampling is state funded and
as a result at no cost to the water system. After the 2024 Order is issued there could be
some adjustments to the number of water systems included in the project (e.g. a water
system could be added to the 2024 Order if they provide information that they qualify as
a DAC, or a water system may be removed from the 2024 Order because it is federal
agency and is not eligible for this state funded program). As such, approximates for
numbers of water systems and wells are provided in this QAPP.

A.7.1. Intended Use of Data

The goal of the Project is to support the development of statewide monitoring design
that includes targeted analyses and a broad spectrum PFAS analytical approach to
characterize PFAS in drinking water sources, before and after treatment. Information
gained from the data collected will be used to support the design of a treatment-based
MCL for public water systems to remove as much PFAS as economically and
technically feasible while continuing to adhere to compliance standards for contaminant-
specific MCLs. The Project will also provide an indication of the likely PFAS chemicals
that could pass through commonly used treatment media or resins (e.g., granular
activated carbon, ion exchange resins) based on chemical structure.

A.7.2. Project Objectives

The Project includes a sampling and analysis effort that aims to accomplish two main
objectives and address the following questions:

Understand and characterize PFAS composition in the supply wells of PWS
servicing DAC/SDAC in California utilizing a multifaceted monitoring approach.

e Which PFAS or PFAS types are commonly identified in untreated drinking water
of DACs/SDACs?

e Are there PFAS or PFAS types that are present in distinct PWS groupings (e.g.,
geographic area)

e Can PFAS commonly identified by NTA in California be added to the scope of
EPA Method 5337

Utilize multifaceted monitoring design to inform PFAS removal and pass-through
in commonly used water treatment technologies in California to inform the
development of a treatment-based regulation for PFAS as a class.®

5 The 2024 Order is available at the following website:
https://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/pfas_ddw_general_order/.

8 Activities aimed at the second objective of the Project will not proceed until data collected for the first
objective are analyzed and assessed to inform best pre-and post-treatment monitoring design. Therefore,
procedures and design elements for the second objective are not included in this QAPP but will be added
to the QAPP in a future revision following the process outlined in Section A.5.5.
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e How effective are water treatment technologies at removing total PFAS mass
and specific PFAS types?

e How can a broad spectrum PFAS testing approach (absorbable organofluorine
and an analyte-specific list) be used for monitoring public water system
compliance?

e Based on the most used water treatment technologies (GAC, lon exchange) in
California, which ones are more feasible in removing PFAS as a class?

o
PO S
’t . +
* +
s t o0t +
Y +
+
. ¢
» ': LY ¢ e
A . o .
.
’ Y ..~ [ ‘e w‘
* ~ nz. 4
+ + 4
¢ ¢ ¢ ‘ L3 + ." L)
+ Nevada
§ Sl g i s
3 0‘&‘. ot Ve Ly ‘e
¢ 0 *d a P
* 1 rart:y; *
w ol MAh " S 2
*o hd o
# . + . r X +
San Fi 'g" M 97&’ ¢
an Fran C . z_a
e %‘ .3."‘}@@
Sanjose ¢ O’/,(_ ,M'
: + ﬂzb_" *
R ¢ A
e,
YR
e x o ‘o % o
.Q.O * . . . Las Vegas
0." 'y v
* .0 +
” Mojav
: ¢ ¢ od .’)gfsjerip
L) ) . .
.
'0.‘ “ 0‘“
+ "ot P
" ""'0 "‘ Y. % >
weohee ™ *‘ ‘
Angie S
oﬁ ) ‘eo
.
# EPA Method 533 & AOF ' h* *
L 24
L .
“ * LY
. SR L
0 25 50 100 150 200 250 300 California State Parks, Esri, TemTom, Garmin, FAO, NOAA, USGS, EPA, USFWS, Esri,
— _Mlles Datum: WGS 1984 LGS
Projection: Web Mercator Auxiliary Sphere

Figure 1: Map of Project Locations of Public Water Supply Wells servicing DAC/SDACS in
California

A.7.3. Geographic Distribution of Sampling Locations
The public water supply wells servicing DAC/SDACs for this project are geographically
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distributed between 53 counties across California (Figure 1), with most of the
DAC/SDAC communities located in rural and agricultural areas and a smaller fraction in
urban areas. San Bernardino County, in the Southern portion of the state, presents the
highest density of wells (approximately 508 wells), followed by Fresno (approximately
363 wells) and Kern (approximately 346 wells) counties in the Central Valley. Table 3
shows the number of supply wells servicing DAC/SDACs that are included in each
represented county. The list of the planned public water supply wells with associated
locational information is provided in Appendix A of the 2024 Order’.

Table 3: Number of DAC/SDAC Water Supply Wells per County

NUMBER OF NUMBER OF
COUNTY NAME WELLS COUNTY NAME WELLS
Alameda 1 Orange 7
Alpine 5 Placer 8
Amador 12 Plumas 46
Butte 51 Riverside 268
Calaveras 12 Sacramento 200
Colusa 19 San Benito 3
Contra Costa 15 San Bernardino 508
Del Norte 19 San Diego 85
El Dorado 10 San Joaquin 78
Fresno 363 San Luis Obispo 29
Glenn 27 Santa Barbara 39
Humboldt 47 Santa Cruz 4
Imperial 20 Shasta 72
Inyo 60 Sierra 7
Kern 346 Siskiyou 33
Kings 31 Solano 2
Lake 30 Sonoma 71
Lassen 21 Stanislaus 131
Los Angeles 203 Sutter 9
Madera 117 Tehama 65
Mariposa 30 Trinity 22
Mendocino 76 Tulare 218
Merced 88 Tuolumne 68
Modoc 11 Ventura 30
Mono 10 Yolo 18
Monterey 76 Yuba 37
Nevada 11 Grand Total 3,769

" The list of supply wells sampled for this Project is public information and being posted on the webpage.
This information will be made available upon request if the link is broken or unable to be viewed.
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A.7.4. Monitoring Parameters

This project will identify and characterize the PFAS composition in the supply wells of
public water systems using both targeted and non-targeted analytical methods (Table 4)
as described below.

A.7.4.1. EPA Method 533

The concentrations of 25 PFAS analytes will be measured in the source water of each
supply well using EPA Method 533. These 25 PFAS were included as target analytes in
the published method based on their known or suspected persistence in the
environment, their ability to bioaccumulate in living organisms, and their potential for
toxicity. Options and processes to expand the scope of EPA Method 533 to include
more PFAS analytes are discussed in Section B.3.2.

Table 4: List of Targeted PFAS and Non-Target Analytes for Well Samples

. Target | Analytical Laboratory
Analyte Acronym Unit RL Method SOP2
11-Chloroeicosafluoro-3- 11CI-
oxaundecane-1-sulfonic acid PF3ouds | M9t 2 EPA 533 | T-760-EPA-533
9-Chlorohexadecafluoro-3- 9Cl-
oxanonane-1-sulfonic acid PF3oNs | NIt 2 EPA533 | T-760-EPA-533
4,8-Dioxa-3H-perfluorononanoic acid ADONA ng/L 2 EPA 533 | T-760-EPA-533
Hexafluoropropylene oxide dimer | Lepo.pA | ngl. | 2 | EPA533 | T-760-EPA-533
Nonafluoro-3,6-dioxaheptanoic acid NFDHA ng/L 2 EPA 533 | T-760-EPA-533
Perfluorobutanoic acid PFBA ng/L 2 EPA 533 | T-760-EPA-533
Perfluorobutane sulfonic acid PFBS ng/L 2 EPA 533 | T-760-EPA-533
1H.1H, 2H, 21 Perfluorodecane | goers | ng | 2 | EPA533 | T-760-EPA-533
sulfonic acid
Perfluorodecanoic acid PFDA ng/L 2 EPA 533 | T-760-EPA-533
Perfluorododecanoic acid PFDoA ng/L 2 EPA 533 | T-760-EPA-533
Perfuoro(z-ethoxyethane) sulfonic | preesa | ngl | 2 | EPA533 | T-760-EPA-533
Perfluoroheptane sulfonic acid PFHpS ng/L 2 EPA 533 | T-760-EPA-533
Perfluoroheptanoic acid PFHpA ng/L 2 EPA 533 | T-760-EPA-533
1H.1H, 2H, 21 Perfluorohexane | yoerg | ngi | 2 | EPA533 | T-760-EPA-533
sulfonic acid
Perfluorohexane sulfonic acid PFHxS ng/L 2 EPA 533 | T-760-EPA-533
Perfluorohexanoic acid PFHxA ng/L 2 EPA 533 | T-760-EPA-533
Perfluoro-3-methoxypropanoic acid PFMPA ng/L 2 EPA 533 | T-760-EPA-533
Perfluoro-4-methoxybutanoic acid PFMBA ng/L 2 EPA 533 | T-760-EPA-533
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Analyte Acronym Unit Tlaa"ff t Aﬂ:i);‘tézal Lal;o(;la:tzory
Perfluorononanoic acid PFNA ng/L 2 EPA 533 | T-760-EPA-533
1H/1H, 2f1, 2H-Perfluorooctane 6:2FTS | ngl | 2 | EPA533 | T-760-EPA-533
Perfluorooctanesulfonic acid PFOS ng/L 2 EPA 533 | T-760-EPA-533
Perfluorooctanoic acid PFOA ng/L 2 EPA 533 | T-760-EPA-533
Perfluoropentanoic acid PFPeA ng/L 2 EPA 533 | T-760-EPA-533
Perfluoropentanesulfonic acid PFPeS ng/L 2 EPA 533 | T-760-EPA-533
Perfluoroundecanoic acid PFUNnA ng/L 2 EPA 533 | T-760-EPA-533
Trifluoroacetic acid TFA ng/L 50 IC-MS/MS T-765-PFAS
Perfluoropropanoic acid PFPrA ng/L 25 IC-MS/MS T-765-PFAS
Triflouromethanesulfonic acid TFMS ng/L 25 IC-MS/MS T-765-PFAS
Perfluoroethanesulfonic acid PFEtS ng/L 25 IC-MS/MS T-765-PFAS
Perfluoropropanesulfonic acid PFPrS ng/L 25 IC-MS/MS T-765-PFAS
Bistriflimide Bistrif ng/L 25 IC-MS/MS T-765-PFAS
Hexafluorophosphate PF6 ng/L 25 IC-MS T-765-PFAS
Céﬂﬁiﬂﬁ%ﬂﬁo"r{%ﬁ?ﬂﬁggfagﬁy AOF-CIC | nglL | 800 CIC® | T-763-AOF-DW

' RL = Reporting Limit; this value is the quantitation limit of the contract laboratory and is used as the
Target RL for the project.

2 Laboratory SOPs are proprietary information and are not included as attachments in this QAPP. All
Laboratory SOPs have been reviewed by the Project Manager and QA Officer to determine they meet the
performance and quality needs of the project.

3 Method selected based on results from PFAS Methods Comparison Pilot Study (see Section A.6.3 for
more details).

A.7.4.2. Ultra-Short Chain PFAS by IC-MS/MS

The Project will employ an analysis (Laboratory SOP: T-765-PFAS by ICMSMS) to
assess the presence of ultra-short chain PFAS analytes (Table 4) by ion
chromatography tandem mass spectrometry (IC-MS/MS) that fall outside the scope of
EPA Method 533. Due to cost and time restraints of the Project, ultra-short chain PFAS
analysis will only be performed on a subset of the total samples being analyzed for N