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Summary Infographic

Total PFAS Analysis for Public Health Protection:  [Ressssaiumpun
Science, Applications, Benefits and Challenges Tribal/Territorial-34, Local-4

WORKSHOP GOALS

* Expand the collective understanding of the science and application of non-targeted analyses and other total per- and
polyfluoroalkyl substances (PFAS) methods.

¢ Advance the technology transfer of these methods to state and regional partners.
* Share benefits and challenges of these methods to better characterize PFAS present in the environment.

* Provide an opportunity for attendees to discuss challenges and needs related to total PFAS analyses.

Non-Targeted Analysis (NTA): identify thousands of PFAS compounds in a wide variety of

environmental, residential and biological media.

* NTA enables the exploratory investigation of a wide range of environmental media.
* Presuppositions about sample contents are not required.
* NTA is necessary to discover emerging contaminants and identify novel PFAS in the environment.
* NTA requires high-resolution mass spectrometry instrumentation and data interpretation by experts in chemistry.
* NTA Current Research Needs
» Using NTA combined with chemical read-across tools is being explored for provisional risk evaluation.
» Standardization of NTA methods is ongoing.
» Establishing best practices documents for NTA is ongoing.

» Office of Research and Development efforts will enable translation of NTA data to support Agency decisions.

* TOF is an affordable tool to evaluate the potential presence of uncharacterized PFAS compounds.

* Relative concentrations of organic fluorine compounds can be used to help identify source areas and provide
additional data needed for well-informed Agency decision making.

e Sample preparation methods for Total Fluorine measurements balance selectivity, inclusivity and sensitivity.
* TOF Current Research Needs
» Establishing TOF methods for additional matrices (e.g., solids, air) is ongoing.

» Detection of PFAS in the air already is possible, but a well-established method for TOF analyses of air
samples still must be established.

» TOF's applicability as a screening tool and its potential for development into a regulatory surrogate for PFAS
emissions are being explored.

* TOP permits measuring terminal PFAS products via rapid oxidation of precursors.
e TOP is selective only for PFAS precursors that can be oxidized to measurable perfluoroalkyl acids (PFAAs).
* TOP is valuable for assessing a sample’s total potential for degradation to form PFAAs.
e TOP Current Research Needs

» Validated methods for TOP analysis across matrices must be established.

» The terminal products list must be expanded to match new precursors.

» |mproved methods for terminal preduct quantitation are being explored.

* EPA Main PFAS Web Page ¢ EPA PFAS Methods Research ® PFAS Strategic Roadmap



https://www.epa.gov/pfas
https://www.epa.gov/water-research/pfas-analytical-methods-development-and-sampling-research
https://www.epa.gov/system/files/documents/2021-10/pfas-roadmap_final-508.pdf

Workshop Recordings

Please contadregina Poeskier full recordings of th& otal PFAS Analysis for Public Health Protection:
ScienceApplications, Benefits and Challengesrkshop.

Workshop Goals

Expand the collective understanding of the science and application efargated analyses and

other total per and polyfluoroalkyl substances (PFAS) methods.

Advance the technology transfer of these methods to state and regional partners.

Share benefitand challenges of these methods to better characterize PFAS present in the
environment.

Provide an opportunity for attendees to discuss challenges and needs related to total PFAS analyses.
Identify areas for further work and/or research.

Day 1
Presentations

PFAS Strategic Roadmap: Research and Development
Susan Burden, Ph.D., Office of Research and Development (ORD) PFAS Executive Lead, EPA

ThePF/S Strategic Roadmapl & NBf S SR 2y hOG26SNI Mmy>X HaumI I YyR
theimpacdk 2F t C! {® ¢KS FTADS LINAYyOALX Sa 2F 9t ! Q& | LILINE
(2)work upstream of PFA®lated problems, (3) hold PFAS polluters accountable, (4) ensure that
decisionmaking is based in science, and (5) prioritize the pridecdf disadvantaged communitielkey

EPA actionsclude developing methods and approaches to measure PFAS, advancing science to assess
human health and environmental risk from PFAS, and evaluating and developing technologies for

reducing PFAS in the ersiment.

PFAS Targeted Analysis by Liquid Chromatography/Tandem Mass Spectromet}SIMS):
Importance and Limitations
Jody A. Shoemaker, Ph.D., Research Chemist, ORD, EPA

Dr. Shoemaker discussed the regulatory drivers for, general approackage of and attributes of EPA
drinking water PFA&argeted methods (Methods 537, 537.1 and 533), which usMBOMS. These

methods result in few false negatives or false positives and can detect PFAS at a high sensitivity. These
methods are targeted, hower, and investigating netargeted methods that capture more PFAS
compounds is a critical need.

The Public Health Stakes of Total PFAS Methods
Timothy J. Buckley, Ph.D., Senior Advisor, Center for Computational Toxicology and Exposure, ORD, EPA

The abiliy to measure PFAS is a fundamental prerequisite for public health protection. Current and
traditional measurement methods can measure a small fraction (~1%) of the PFAS that are likely
present. Total PFAS methods advance public health and support managaatiens by providing the

means to comprehensively measure PFAS and shorten the time between PFAS release and its detection
in the environment.


mailto:Poeske.Regina@epa.gov
https://www.epa.gov/pfas/pfas-strategic-roadmap-epas-commitments-action-2021-2024

Non-Targeted Analysis (NTA), Total Organic Fluorine (TOF) and Total Oxidizable Precursors (TOP):
Methods, Analyics and Potential Applications
James McCord, Ph.D., Chemist, ORD, EPA

NTA enables exploratory investigation of wide ranges of environmental media, does not require
presuppositions about sample contents, and is necessary to discover emerging contantnacgssing

NTA data requires many different tools and methods, and expertise in NTA data analysis is necessary to
achieve higkguality results.

ae2arté tCcl{ aSiK2Ra
Hannah Liberatore, Ph.D., Physical Scientist, ORD, EPA

TOF is an important tool for measuogi PFAS and can potentially be used for a regulatommaissions
screening purpose. Current commercial analysis methods are limited primarily to PFAS measurement in
water, but it is important to expand measurement techniques to new matrices.

DecisionMaking With Total PFAS Results
Erica Kalve, Senior Engineering Geologist, California State Water Resources Control Board

PFAS is a large class of compounds, and more PFAS analysis methods are required to capture all PFAS
compounds. Alternative methods can belpful in evaluating and regulating new classes of PFAS
compounds. Tools that can fill in gaps in PFAS data (e.ggom@fustion ion chromatography, NTA by
high-resolution mass spectrometry) are available, and the utility of these tools will increase wit

increased use.

Discussion

Comments related to Goal 1: Expand the collective understanding of the science and application of non
targeted analyses and other total PFAS methods.

No codified frameworks exist for source proportionment approachesgeueralized approaches
exist for linking specific sources to signature PFAS compounds. Certain PFAS compounds are
associated with different PFAS sources, uses and industries.

The adsorbable organic fluorine (AOF) method has high detection limits becghse $ample
volumes cannot be used without blocking the unit.

In the process of measuring AOF, inorganic fluorine is removed with nitrate, which enables the
selective measurement of organic fluorine.

Water with high concentrations of dissolved solids musffiltered before undergoing AOF analysis.
NTA methods can be applied to blood serum, which can be used in a multifaceted analysis to
determine relationships between PFAS exposure and health.

Comments related to Goal 2: Advance the technology transférasfe methods to state and regional
partners.

Limited guidance for field sampling and subsampling methods can be found in draft Method 1633.
TOF is relatively cost effective, targeted analyses are more costly, aAgm@ted highresolution
mass spectrmetry is very expensive. It might be more cost effective to acquire the necessary
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research question also can reduce expenses.

Comments related to Goal 3: Sharenkéits and challenges of these methods to better characterize
PFAS present in the environment.

PFAS levels in industrial products, product effluent, the environment, animals and humans can
change as a result of differing solubilities and bioaccumulatiopeaties.

PFAS mass spectra libraries from different commercial sources will not vary much. Libraries from
academics might contain more information, but these libraries often are built on untested results.
Total PFAS methods can be used for source traekidgenforcement.

TOF can be used to obtain data that can be used for screening and guiding next steps in determining
PFAS contamination in water supplies.

Comments related to Goal 4: Provide an opportunity for attendees to discuss challengesesatsd
related to total PFAS analyses.

Establishing libraries for PFAS data is challenging, and this work is being done by entities other than
EPA, such as vendors and academia.

Generating a library of PFAS compounds derived from potential industrial sowoédd be
challenging because of legal barriers surrounding industrial products, but determining the PFAS
discharged during initial product development can be useful in the context of a single study.

It is critical for industries to provide standards fbe chemicals and PFAS compounds that they are
using.

EPA does not have the instrumentation necessary to perform Feuaesform ion cyclotron
resonance mass spectrometry.

Communicating the potential toxicity of novel compounds is challenging. Multigbes snust be

taken before raising a public health alarm, but building trust requires sufficient communication.

Comments related to Goal 5: Identify areas for further work and/or research.

Establishing TOF methods for additional matrices (e.g., solids amyoing.

Detection of PFAS in the air already is possible, but aestdblished method for TOF analyses of air
samples still must be established.

Establishing methods within the context of actual projects provides an opportunity to gain
experience and understand the nuances of the methods in action.

Work developing passive samplers for air and surface water is ongoing.

Work to establish begpractices documents for NTA is ongoing.



Day 1 Poll Results

Day 1, Poll 1: Which type of total PFAS methods do you see
being of the greatest value and interest to you?
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NTA TOF TOP

Day 1, Poll 2: Have you worked with or received NTA, TOF, or TOP data?

NTA TOF TOP



Day 1, Poll 3: Using total PFAS methods would be useful
for decision making in which processes?

250 —
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Day 1, Poll 4: Which agency do you represent?
12

210

M Federal ™ Regional ™ State [ Tribal/Territorial



Day 1, Poll 5: What is your primary interest in PFAS?
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Day 1, Poll 6: | see total PFAS methods (NTA, TOP, TOF)
as a means to address the needs of my program.

15
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M Strongly agree M Agree ™ Neither agree nor disagree ' Disagree M Strongly disagree



Day 2
Presentations

Incorporating NTA to Identify Sources and Determine Transport Mechanisms: A New Jersey Case

Study

Sandra M. Goodrow, Ph.D., Division of Science and Research, New Jersey Department of Environmental
Protection

Dr. Goodrow discussed a case stagluating legacy and novel PFAS that had been transported by air
from an identified industrial source in New Jersey. Targeted mass spectrometry analyses were
performed to evaluate the concentrations of known legacy PFAS, butargated methods were

needed to acquire data for unknown PFAS compounds, molecular precursors and fragments.

NTA of Emerging PFAS in North Carolina: Evaluation of Data Provided From a Fluorochemical
Manufacturer
Amy Delinsky, Environmental Chemist, North Carolina Department iobanental Quality

NTA is a valuable tool for initial site characterization. The data generated by NTA are complex, however,
so having a starting point from which to begin evaluating NTA data provided by industries is helpful. The
Consent Ordeentered into by Chemourshe North Carolina Department of Environmental Quality
(NCDEQ) and Cape Fear River Watch requires Chemours to perform NTA of processpaocessn
wastewater and stormwater streams to identify sitelated PFAS. The sitelated PFAS identification

datain three PFAS NTA publications provided helpful insight into the NTA data provided by industry.
Homologous series of different classes of fluoroether acids were found, including those that were fully
fluorinated, polyfluorinated and diprotic. Two of thepablications were EPA ORD publications

discussing PFAS in the Cape Fear River near the Chemours facility (Strynar et al. 2015 and McCord and
Strynar 2019). Peearviewed publications and collaboration with NTA experts are valuable sources of
knowledge wherdetermining which PFAS are present at a site.

Case Study: Targeted Analysis and NTA of PFAS in Fume Suppressant Products atRlatmge
Facilities

Carla Davidson, Regional Pretreatment Program Specialist, Water Resources Division, Michigan
Department of Environment, Great Lakes and Energy (EGLE)

Chromeplating facilities had been using perfluorooctane sulfonic acid (Rff@&Jfume suppressants

after discontinuing use of PF&sed ones before and during 2015, but PFOS contamination sill wa

being found in wastewater from these facilities. The EPA/EGLE Fume Suppressant Study Team used

targeted analysis and NTA to sample fume suppressants and wastewater (prior to pretreatment for

PFAS) from 11 chrome platers and determined that no PFOS & ptECursors were in the fume

suppressants that the facilities were currently using. Thus, the PFOS contamination found in the
SYGANRYYSY(G tA1Sfte& gFa FNBY KAAG2NAOFEt dzaS |yR Lk,
OKSYAOI f ao¢
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https://deq.nc.gov/news/key-issues/genx-investigation/chemours-consent-order

Quantitative NTA for Rik-Based Prioritization of Emerging Contaminants
Jon R. Sobus, Ph.D., Center for Computational Toxicology and Exposure, ORD, EPA

Measurement data for PFAS are needed to characterize risk, regulate PFAS use and disposal, manage

human and ecological expos@e& | YR Sy adz2NB Sy idAidArASaQ Oqaityt Al yOS dz
monitoring data, however, are unavailable for most chemicals. Data for unknown compounds can be

acquired using NTA. It is expected that the number of laboratories using NTA will indraasdically

in the future, leading to the generation of a large amount of NTA data for known butpbata

chemicals, as well as newly discovered chemicals. ORD efforts will enable the translation of NTA data to
support Agency decisiemaking.

Discussion

Comments related to Goal 1: Expand the collective understanding of the science and application of non
targeted analyses and other total PFAS methods.

When reporting on compound identification for NTA, communicating the level of confidence
associated with that identification is important.

The locations of various concentrations of PFAS in soil, core and ground water samples provide
strong evidence of movement through soil via deposition.

PFAS compounds tend to be lipophobic and hydrophéb, G KS& GSyR (2 Ay GSNI Od
compounds, such as proteins.

Cursory water treatment can result in passthrough of legacy PFAS compounds in recycled water.
Highly advanced water treatment processes, however, show very clean results. PFAS compounds
found in recycled water tend to be similar to those seen in standard drinking water, which include
legacy compounds and PFAS precursors.

Most PFAS production reactions are achieved via fluorotelomerization (a polymerization process),
through which long chamare produced and broken into smaller fragments of approximately the

same size.

Although many manufacturers have adjusted to using methods and materials without PFAS, PFAS
compounds still are found in the environment because they are terminal membergadigor

breakdown, and they are incredibly difficult to remove.

lon-exchange resin treatment was shown to remove legacy PFAS compounds and novel compounds.

Comments related to Goal 2: Advance the technology transfer of these methods to state and regional
partners.

A newly released draft method (Method 1633) addresses multiple media for PFAS analyses.
EPA has released several documents addressing thermal destruction.

Comment related to Goal 3: Share benefits and challenges of these methods to better eliaeaBFAS
present in the environment.

The process of performing a study similar to the case studies presented during Day 2 of the
workshop is large, multifaceted and long; however, the work is important and necessary.

11



Comments related to Goal 4: Provide epportunity for attendees to discuss challenges and needs
related to total PFAS analyses.

The capability of certifying contract laboratories for NTA methods would be valuable, but

certification cannot occur until the capabilities and limitations of NTedhmods are better

understood. Complex synthetic mixtures of chemicals and available standard reference materials are
0SAy3 &aidzRASR 2y RAFFSNByYyG LI FGiF2N)xa (G2 FaaSaa
Widespread use of NTA will lead to a large data increasagaf@poor, but known, compoundsas

well as for new compounds. Establishing how to effectively use these data will be challenging. The
data could be housed in a database that allows information, questions, advice and data to be

shared. This database could bsed to identify trends in the data.

It will be important to develop a dialogue between the chemists who are developing the NTA

methods and stakeholders.

There is a desire to establish a forum discussing NTA methods for PFAS. Those who are interested in
taking part in these discussions can contdaines McCord

Barriers to total PFAS analysis include a lack of resources, funding and staff.

Comments related to Goal 5: Identify areas for further work and/or research.

Using NTA combined with chemical reactoss tools ibeing explored for provisional risk

evaluation.

PFAS toxicity via inhalation is being explored. PFAS stack emissions and atmospheric transport are
concerning because they lead to PFAS deposition in soil and migration through ground water.
Work to standadlize NTA methods is ongoing.

Because many PFAS compounds are of unique interest to the specific geographic locations where
they are found, using methods to identify targeted PFAS specific to an area can be sufficient. Work
to develop comprehensive methodsat are efficient and easy to run, however, is ongoing.

12
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Day 2 Poll Results

Day 2, Poll 1a: Which agency do you represent?

8

M Federal ™ Regional I State Tribal/Territorial

Day 2, Poll 1: What discussions of NTA, TOF, and TOP would you
be interested in for follow-up discussions?

144

150 — 134

120
90
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30
0 . ) )
When to use How to How to plan site Who to contact if ~ How to implement
which method interpret data characterization | am interested in  these methods in
with the information ~ having one of our lab
provided by each  these methods run
method at a lab outside

my organization
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Day 2, Poll 2: My program office has a need for total PFAS laboratory capability.

27 4

M Strongly agree ™ Agree I Neither agree nor disagree " Disagree M Strongly disagree

Day 2, Poll 3: My program office has the access it
needs for total PFAS laboratory analysis.

22

35

65

M Strongly agree ™ Agree ™ Neither agree nor disagree | Disagree M Strongly disagree
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Day 2, Poll 4: Total PFAS methods can support
decision making in my organization or program.

M Strongly agree ™ Agree ™ Neither agree nor disagree © Disagree M Strongly disagree

Day 2, Poll 5: Would you be interested in building or obtaining capacity
for any of the methods discussed here in your state or region?

M Yes ™ Maybe ™ No

15



Day 2, Poll 6: There are significant barriers (cost, access, data interpretation,
results communications) to applying total PFAS methods within my program.

38

M Strongly agree ™ Agree I Neither agree nor disagree Disagree M Strongly disagree
Day 2, Poll 7: What barriers do you see to applying
total PFAS methods within your program?

200 — 183 185

150

100

50

Resources (Cost)  Data Interpretation Access Results Communications Other
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Workshop Logistics

This workshop had 936 registered attendees. Of those attendees, 368 were federal government
employees, four were municipal and logglvernment employees, 539 were state government
employees, and 34 were tribal and territorial government employees.

During the first day of the workshop, 725 individuals attended. During the second day, 613 individuals
attended. Participation and engagentenere high, with the majority of attendees participating in the
polls presented during the workshop, and many attendees providing comments during the workshop.

Postevent evaluation responses were received from 163 workshop attenddzesed on thevaluaton,
the overall quality of the workshop was rated as a 4.5 on a scalépafat) to 5 (excellent), and 92.6
percent of respondents indicated that they would attend an event like this again.

17



Evaluation Results

Poll Results

Which sector do you represent?

38

M Federal M State ™ Tribal/Territorial

Would you be interested in attending future workshops about total PFAS analysis?

12

150

B Not sure ™ Yes
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Prior to attending the workshop, what was your knowledge of total PFAS analysis?

7

M | had a strong understanding ™ | had limited experience, and ™ | was aware of the methods discussed
of the methods | wanted to learn more and wanted to hear from others about
their experience

Which method would you be most interested in learning more about?

150 —

122
120 [~

NTA TOF TOP
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After attending the workshop, how much has your knowledge of
total PFAS analysis increased?

28

M Alittle ™ A moderate amount ¥ A good amount " Substantially ¥ Not at all

How would you rate the overall quality of the workshop, including speakers
and the information presented? (1 = Poor, 5 = Excellent)

14

H]l H2 H3 H4 W5
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Attendee Commentsnd Suggestions
Positive Comments:

| learned a great deal, but this only scratched the surface! So much more to learn!

My experience with PFAS is limited (though | expect that will change as time goes on) so my
ability to synthesize the information wasreewhat limited, but it definitely was helpful in
broadening my understanding. Thanks!

Thank you to Regina, Matt, Becky, planning team and all speakers and presenters. The workshop
really served the objectives, topics were relevant, conversations weregamgaand it was really
well done.

Thank you so much.

It was interesting to see the case studies and see how different states approach the issues that
arise.

Day 2 was really good. Technical but well presented. Jon Sorbus' presentation was excellent.
Outstanding workshop!

I like virtual workshops as opposed teparson (I could not attend the latter). The length and
format was very good. Very informative.

| missed the day 1. Day 2 increased my knowledge on PFAS but troublesome knowing there is
no clear solution on managing or assessing the pollution. The presentations were all great.
thank you to the team for offering this workshop.

Such an informative and engaging workshop!

Suggestions:

Online analytical methods to determine treatment effeainess will be needed. Great

opportunity to discuss PFAS from the analytical standpoint.

I would like a follow up webinar on air pollution portion. Expand this portion. This was a great
foundation for learning the basics and upon able to build. As wenallv this will be an ongoing
issue for all of us in the future. | find it better to understand and be prepared even when it is on
a learning curve. Please develop more specific topics and help us prepare. Even short
presentations such as an hour each wobidgreat. Really enjoyed the presenters. Great job by
all. Thank you for hosting the webinar.

Would love to hear from states/tribal leaders regarding their experiences using other total PFAS
methods (TOF or TOP) like we did today from states that hawkN$A (qTOF). Our state
(Delaware) is just beginning to work on targeted PFAS analysis of water, and | see value in
coupling our LEQQQ capabilities with TOP to give us a sense of how many/how mueh non
detected PFAS are in our water samples.

Well done! Iteresting and valuable research using NTA to shed light on the multitude of
compounds. However, | would like to see a practical approach developed that is not costly or
time consuming: specifically, obtain enough tox data to determine that none are Hiswaat

least carve out certain PFAS classes/functional groups that are the worst, streamline total PFAS
analysis, and stop the exposure pathway. Using drinking water as an example, if carbon or resin
removes both targeted and netargeted PFAS, greatt doesn't matter whether we can
differentiate the minutia of how much of each of 200+ compounds are present. The treatment
isn't likely to be as selective as the analytical methods, though NTA could certainly be used to
determine where a particular treenent method falls flat in removing particular species.

21



| could see my state considering NTA only for differentiating PFAS sources for a big enforcement
case, like NJ. It's too costly and involved to use for anything else at this point.

Please considenaking this workshop annual, as a way to discuss progress with and new
applications of these methods.

Identified Areas for Improvement:

Some of the presentations went very quickly. | am looking forward to watching the recording to
go over the parts inissed or did not quite follow.

When a webinar is long it would be nice to have the option to mute the speaker in zoom so we
can take a call or be on another short meeting while it is going on. | couldn't figure out how to
mute the speaker in zoom. Algbwould be nice to have the handouts ahead of time.

| am not a laboratory analyst so please keep including some introductory comments to the
topics.

Please try to stick to your published timeslots for presentations and breaks. Not everyone has
the avaihbility to tunein to all hours of the workshop. | missed the first 14 slides of a
presentation because the presenter was allowed to start early. Big bummer. It's one thing to be
running late, but please don't start early!

Region 10 EPA should have msger participatory presence

The answers EPA provided on NTA were extremely disappointing. No guidance to state labs on
methods, libraries, standards, etc. They could not even comment on what was going to be
provided in the future on a nepublic call.In the end, it seems we are alone.

We lost, rather unfortunately, the general discussion at the end of day two, but only had recent
speaker questions. In general, | found the question sections less useful.

22



Workshop Presentation PowerPoint Slides
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Total PFAS Analysis for Public
Health Protection

Science, Applications, Benefits and Challenges

October 27 & 28, 2021
Day One

Our event will begin at 12:00 p.m. EDT

Welcome!

Becky Rice, M.S.B.
The Scientific Consulting Group, Inc.

Total PFAS Analysis for Public Health Protection | Science, Applications, Benefits and Challenges | October 27 & 28, 2021
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Before we get started...

* Please use the Chat panel to type in your questions for speakers. We will
do our best to get to as many questions as we can.

* Closed captioning is enabled for this event.
* We have a break today from 2:45 p.m. — 3:00 p.m. EDT.

* We will have polling questions throughout the day, so please respond when
prompted by the speaker and the question pops up on your screen.

* Technical issues: please use the chat function and select Danielle Johnikin
to message

Total PFAS Analysis for Public Health Protection | Science, Applications, Benefits and Challenges | Qctober 27 & 28, 2021
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Overview of Workshop and Objectives;
Introduction of Opening Remarks
Speaker

Regina Poeske

Senior Ecologist, U.S. Environmental Protection Agency

Total PFAS Analysis for Public Health Protection | Science, Applications, Benefits and Challenges | October 27 & 28, 2021
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Opening Remarks

Bruce Rodan, M.D.

Associate Direclor for Science, Office of Research and Development, U.S.
Environmental Protection Agency

Total PFAS Analysis for Public Health Protection | Science, Applications, Benefits and Challenges | Qctober 27 & 28, 2021
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Context and Rationale for Non-Targeted
Analysis (NTA) and Other Total PFAS
Methods

Susan Burden, Ph.D.

ORD PFAS Executive Lead, U.S. Environme ntal Protection Agency

Jody Shoemaker, Ph.D.

Research Che mist, U.S. Environmental Protection Agency

Timothy J. Buckley, Ph.D.

Senior Science Advisor, Center for Computational Toxicology and Exposure, U.S. Environmental Protection Agency

Total PFAS Analysis for Public Health Protection | Science, Applications, Benefits and Challenges | October 27 & 28, 2021
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PFAS Strategic Roadmap:
Research and Development

Susan Burden, Ph.D.
ORD PFAS Executive Lead, EPA

The views expressed in this presentation are those of the author and do not necessarily
reflect the views or policies of the U.5. Environmental Protection Agency.
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Per- and Polyfluorinated Substances (PFAS)

A large class of synthetic chemicals

* Features chains of carbon atoms surrounded by
fluorine atoms

* Wide variety of chemical structures, from single
maolecules to polymers

Fluorine

Used in homes, businesses and industry since the 1940s
* Have been detected in soil, water, and air samples
* Most people have been exposed to PFAS

Some PFAS are known to be PBT

* P = Persistent in the environment

* B = Bioaccumulative in organisms

+ T =Toxic at relatively low levels (ppt)

C

Perfluorooctanoic Perfluorooctanesulfonic
acid (PFOA) acid (PFOS)

Total PFAS Analysis for Public Health Protection | Science, Applications, Benefits and Challenges | October 27 & 28, 2021
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Links to EPA's CompTox Chemicals Dashboard
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PFAS Strategic Roadmap

* Released October 18 g
* Presents EPA’s whole-of-agency approach Pk Stge posamay:
to protect public health and the S

environment from the impacts of PFAS

* Principles of EPA’s approach:
— Consider the lifecycle of PFAS
— Get upstream of the problem
— Hold polluters accountable
— Ensure science-based decision-making

— Prioritize protection of disadvantaged
Communities Available at https://www.epa.gov/pfas/pfas-strategic-

roadmap-epas-commitments-action-2021-2024.
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PFAS Strategic Roadmap WL

SEPA
* Focused on three goals: e
B Resea rCh PFAS Strategic Roadmap:
. EPA’'s Commitments to Action
— Restrict il
— Remediate '

* Key actions:

— Actions from across EPA to research, restrict,
and remediate

— Address problem on multiple fronts at the
same time

— Leverage the full range of EPA’s statutory
authorities

Available at https/fwwe epa. gov/ pas/pfas strategic:
roadmap-epas-commitments-action-2021-2 124,
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EPA is rapidly expanding the scientific foundation for understanding
and addressing risk from PFAS

* EPA’s Office of Research and Development {ORD) is conducting scientific
research to:
— Develop methods and approaches for measuring PFAS
— Advance the science to assess human health and environmental risks from PFAS
— Evaluate and develop technologies for reducing PFAS in the environment

ORD collaborates with other federal agencies, states, tribes, utilities and
gecademic institutions on PEAS research and technical assistance activities

Total PFAS Analysis for Public Health Protection | Science, Applications, Benefits and Challenges | October 27 & 28, 2021
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PFAS Research and Development

Advance the science to assess human health and

environmental risks from PFAS Evaluate and develop technologies for

Hazard reducing PFAS in the environment

* Human health and ecological effects ===+ Drinking water and wastewater treatment
* Dose-response Risk € . Site remediation

Exposure Assessment + Destruction (e.g., incineration)

* Chemical identity and concentration

Disposal (e.g., landfills)
+  Source-to-receptor pathways

™

Develop methods and approaches for measuring PFAS

* Targeted methods *  “Total PFAS” methods
* Non-targeted methods

Total PFAS Analysis for Public Health Protection | Science, Applications, Benefits and Challenges | Qctober 27 & 28, 2021
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Importance of Methods
Targeted Methods Non-Targeted Methods
* Implement regulations * |dentify novel PFAS in the
* Inform exposure assessments environment
. — Inform priorities for future
Needed j[O evaluat_e removal, research
destructlo.n, and disposal - Motivate targeted method
technologies development
o * Identify products of incomplete
Safe Drinking Water Act Methods . .
e Vi £t et combustion/destruction
Solid Waste Methods
Air Emission Methods
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Importance and Limitations
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Objectives o,

* EPA Drinking Water PFAS Targeted Methods
v'Regulatory Drivers
¥'General Approach
v'Usage
v Attributes

* Why Non-Targeted Analysis?

Total PFAS Analysis for Public Health Protection | Science, Applications, Benefits and Challenges | October 27 & 28, 2021
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Targeted Analysis Background

Chemical
standard >
available} -

Currently, most common PFAS detection technique is mass
spectrometry

* Targeted Analysis: Targeted
: T ATENER

¥v'methods applicable to a specific defined set of
known analytes

{ e.g., MS/MS analysis

¥ analytical standards exist for quantitation

Confirmation by MS/MS

¥"only measure for analytes on the targeted list; once [ e N e /-y

the analysis is complete, you can't look for other
analytes

Identification and
Quantification

Total PFAS Analysis for Public Health Protection | Science, Applications, Benefits and Challenges | October 27 & 28, 2021

Drinking Water Regulatory Driver: 5-year cycle <.

* The 1996 amendments to the SDWA required
EPA to establish a Drinking Water Contaminant
Candidate List (CCL)

* PFOS & PFOA listed on CCL3 & 4

Drinking Water
‘ Regulatory Cycle

* Develop standardized methods

Occurrence data gathered in UCMR will be used
in conjunction with health effects and treatment
data to make final regulatory decisions

&

If PFAS regulated, EPA
¥ Methods may be promulgated
as approved methods

Reliable occurrence data, collected through
UCMR monitoring using analytical methods
developed by ORD and OGWDW, are critical to
the regulatory decision-making process

Total PFAS Analysis for Public Health Protection | Science, Applications, Benefits and Challenges | October 27 & 28, 2021
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Method Development Process
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- Determine Best Determine Best L
Consider Analyte mp | Instrumentation |m Calibration
Properties/Prior Work & Optimize
L
Determine Interferences 0 Determine Preservatives Develop
Sample Prep

- Does Method
Determine Determine Holding =P{ Meet DQOs? mee Draft Method |

Sensitivi Times {70-130% REC
<30% R3D)
3 MuItI Lab Verification |
* Rugged, selective and sensitive Revise Technical Approach
method that can be Implemented by Peer Review
many laboratories .

| Potential Use in UCMR |
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EPA Drinking Water Methods

UCMR 3 - 6 PFAS

N
%
"4( no‘*’

v

* Method 537
» Published 2009
+ 14 PFAS

¢ Method 537.1
* Published 2018
+ 18 PFAS

* Method 533
» Published 2019
+ 25 PFAS

UCMR 5 — 4 PFAS

vy

UCMR 5 - 25 PFAS

v

All 3 methods use solid phase extraction-liquid chromatography/tandem mass
spectrometry for detection & quantitation {SPE-LC/MS/MS)

Total PFAS Analysis for Public Health Protection | Science, Applications, Benefits and Challenges | October 27 & 28, 2021
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PFAS Targeted Method Attributes "

Strengths
* Selectivity — low false positives or false negatives
* Sensitivity — PFAS detected typically <10 ng/L
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Limitations

* Low inclusivity — limited number of PFAS detected due to availability
and cost of standards

Total PFAS Analysis for Public Health Protection | Science, Applications, Benefits and Challenges | Qctober 27 & 28, 2021
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Why “Total” PFAS Methods?

+ More than 4000 PFAS

+ Some methods can screen for lists of known suspects & discover
new or unknown PFAS providing a tentative ID

« Some methods (such as organofluorine and oxidizable precursor
methods) are more inclusive

+ Currently there are no all inclusive “total” PFAS methods but there
is a critical need to strive for inclusivity and lower detection limits

Total PFAS Analysis for Public Health Protection | Science, Applications, Benefits and Challenges | October 27 & 28, 2021
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Conclusions

* EPA PFAS targeted methods play an important role in the drinking
water regulatory cycle

* EPA PFAS targeted methods have high selectivity and low detection
limits

* Targeted PFAS methods are not “total PFAS” methods

* Given the large number of potential PFAS in environment and ever-
expanding nature of PFAS industries, investigating non-targeted
methods that capture more PFAS is a critical need

Total PFAS Analysis for Public Health Protection | Science, Applications, Benefits and Challenges | October 27 & 28, 2021
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The Public Health Stakes of
Total PFAS Methods

Timothy J. Buckley, PhD

Senior Advisor

Center for Computational Toxicology & Exposure
ORCID: 0000-0002-5128-4643

Total PFAS Methods Workshop
Virtual Meeting
October 27, 2021

The views expressed in this presentation are those of the authors and do not necessarily reflect the views or
policies of the U.S. Environmental Protection Agency
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If it can’t be measured, it is as though it
does not exist.

What are the implications for:

e PFAS manufacturing

ol F FiC F
e Human exposure o e W OF){IroH
. FF lcrF
e Public health il N P
e P

e R egu lation For example, the Washington et al. 2020 discovery of
PFAS congeners chloro perfluoro polyether carboxylate

Total PFAS Analysis for Public Health Protection | Science, Applications, Benefits and Challenges | October 27 & 28, 2021

_RED STan,
e g

Presentation Flow

NOHIAN
S ¥
2 agenct

0,

S, </
Yt ppore®

* Public health and the larger chemical pollutant
context

* The parallel PFAS universe

* The gap: PFAS measured vs likely environmental
occurrence

* The NC Cape Fear River case-in-point
* Summary
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* Pollution is known to be a leading public

T

health threat i PO"ution

is the world's largest environmental cause of disease and premature death

* A large proportion of the environment-
attributed disease is of unknown etiology

Effects likely underestimated

* Exposure and effects are poorly understood e

* Chemical production and release to the
environment vastly outpace ability to test
and measure

Source: Landriganetal. 2017
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* Pollution is known to be a leading public QPLOS o ot P e Camn S onos
health threat 100 S
T e Y
) ) .
* Alarge proportion of the environment- pstt e
attributed disease is of unknown etiology ool —
* Effects likely underestimated é” 5%;?:4“'
© Genoral dystoca (fermale)
* Exposure and effects are poorly understood £ ﬁgﬁ:ﬁ““ i
E © Cteonic o
* Chemical production and release to the L Vol Lo
environment vastly outpace ability to test el 2 Comtramocos
20 ® Parkinson's disease O Ausoimmune
and measure s o
@ Ovarian eancer (famake)
R
20 40 60 80 100

Population atiributable fraction

Pg1.
siatalics are summanzed i Tatia 2

Source: Rappaport, 2016
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Public Health Context

[}

Pollution is known to be a leading public
health threat

°

A large proportion of the environment-
attributed disease is of unknown etiology

Effects likely underestimated

Exposure and effects are poorly understood

°

Chemical production and release to the
environment vastly outpace ability to test
and measure

R0 ST
/TR

S \
& $
% S
g prote”
Numbersof pollution-relateddeaths
includedin GBD estimates byzone /' Zone1
s e
% estimates and in thisreport.
/ -
Zone 2:none n i
s of known pollutants. Dataarenotincludedin
‘GBD estimatesorin this report.
Zone3
pollutants.
Figure 3: The pollutome "
el Source: Landrigan et al., 2017
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Public Health Context

Pollution is known to be a leading public
health threat

A large proportion of the environment-
attributed disease is of unknown etiology

Effects likely underestimated
Exposure and effects are poorly understood

Chemical production and release to the
environment vastly outpaces ability to test
and measure

Chemicals Registered for Production and
Use Across 19 Countries

) 250,000
1 memesz2mem W only pre-registered
registered before the past decade
(including those with unknown
200,000 registration dates as a
conservative measure)
registered in the past decade
(i.e.in commerce)
150,000
179366
100,000
50,000 - 135
49035 42168 40529
9199 10945

. T T 1
with CAS No. without CAS No., confidential
but other identifiers  business
information

Source: Wang et al. 2020
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Habitable Planet N2
. . . . c_\\maxecng.
* Chemical pollution identified as
“not yet quantified” as one of ten
planetary boundaries
* Earth has limited capacity to
assimilate chemical pollution
* Impacts on human health and
ecosystems
* Quantifying chemical
environmental burden is essential
Figure 1| Beyond the boundary. The inner green shading rey the p safe
space for nine planetary systems. The red wedges represent an estimate of the current posi(lon for
each variable. The boundaries in three systems (rate of biodiversity loss, climate change and human
N interference with the nitrogen cycle), have already been exceeded.
Diamond et al. 2015 Rockstrom et al. 2009
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Parallels of the PFAS and Chemical Landscape

Early Attention

Numbers of pollution-relateddeaths
includedin GBDestimates byzone

PFHxS" o PFNA*
PFBS' ! % PFHpA

Recent Attention

PFDS =5 £< PFTeDA, PFTIDA,
PFNS ﬂ @ PFDOA, PFUnA,
PFHpS
PFPeS

Common State Analytes’

@ PFDA, PFHxA,

PFPeA, PFBA’
.................... “
Increasing

Fluorotelomers Attention

All PFAS

of known pollutants. Data are not included in
‘GBD estimatesorin this report.

and Public Health Attention

Increasing Environmental, Regulatory,

Future Zone3:none "
All Other PFAS Attention atpresent

figure 3: The poliutorme

Source | r=wy:| ITRC Source: Landrigan et al., 2017

50 F St. NW, Suite 350
Washington, DC 20001
o itreweb.org
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What is the PFAS Universe?

It depends on who you ask / how you define
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* Potential for environmental release/exposure?
* Defining classification and nomenclature (sucketal. 2011
* Number of chemicals estimated as >3000 weng etz 2017)
* OECD lists 4730 PFAS (e, 2013
* TSCA lists 1346 with 669 active rw 202113180

* EPA’s Chem Dashboard: 33 lists of PFAS with the number on
IiSt ranging from 8 tO 9252 (https://comptox.epa.gov/dashboard /chemical_lists)

Polyfluos
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What is the PFAS Universe?
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* What we observe

* Multimedia Monitoring Database (MMDB) N=43 (isazcs et . in preparation)
NHANES 2011-2018 n=16 {https:/ fwww.cde. gov/exposurereport/pfas_early_release. html)
UCMR3 n=6; UCMRS5 N=29 thtps://wwmeps.gov/awuenr)

e EPA Drinking Water |V|eth0d5 533 & 5371 n=29 {https:/fwww.e pa. gov/sites/default/files/2019-
12/documents/table of pfas methods 533 and 537.1.pdf

PFAS Analytical Standards <100 imeoonougn et al. 2018)

Total PFAS Analysis for Public Health Protection | Science, Applications, Benefits and Challenges | October 27 & 28, 2021
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What is the Gap: Targeted vs Total?
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Firehouse dust (Massachusetts): },, PFAS quantified in 39 samples from 15 stations
represented 1.2% of total PFAS measured by particle-induced gamma ray emission (PIGE) (roung et
al. 2021)

* Swedish cosmetics. 3, PFAS quantified in 28 cosmetics represented <1.3% of extractable
organofluorine {EQOF) and 11-28% in three other cosmetics with the highest concentrations. The
EOF only accounted for an average 9% of total fluorine, which, unlike EOF, would include
inorganic fluoride and any PFAS or other organofluorine compounds that were not extractable
[Schultes et al, 2018)

Papers & textiles. 3, ionic PFAS accounted for up to 0.41% of total fluorine; volatile PFASs
accounted for 0.021-14 of the total nmol F/fcm? determined by PIGE (robei et al 2017)

Food packaging. ., PFAS explained up to 0.28% of EOF and 0.011% of total fluorine in a small
Swedish study of disposable food packaging ischuites et al. 2013)

Japan coastal sea water. 60-90% of organic fluorine unknown myak et al. 2007)

Human serum (Swedish population n=130), ¥, PFAS explained 40% and 51% of EOF in women
and men, respectively (arcetal 2021
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How Big is Our PFAS Blind Spot?

OHIA;
~ 3
o,

¥ agenct

%, &
At prott

* The ratio of “likely occurring” (1000s) to
“observable” (10s) on the order of 100
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* The ratio of “likely occurring” (1000s) to
“observable” (10s) on the order of 100

Analogy to navigating public health with PFAS exposure blind spots
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How Big is Our PFAS Blind Spot?

* The ratio of “likely occurring” (1000s) to
“observable” (10s) on the order of 100
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Analogy to navigating public health with PFAS exposure blind spots
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