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Sspg Background - What are PFAS compounds?

's' Perfluorosulfonic Acids
1
FIF F PFBS, PFHS, PFOS

n=246

i Perfluorocarboxylic Acids
Cg acid - C,; acid
F |F F PFOA C8 acid

aka - “Forever Chemicals”
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® PFASs are Per- and PolyFluorinated Alkyl Substances. Exclusively anthropogenic.
® Structures contain a hydrophobic perfluoroalkyl backbone and a hydrophilic end group

® Include a diverse range of compounds with a variety of chain lengths and end groups

Hydm[.)hobic

n=39
Muorotelomemwohols
E \P.JE 6:2,8:2and 10:2
n=4-16
Fluorine
Hydrogen
Carbon
Oxygen

Sulfur

Persistent in the environment

C-F bonds are very strong and do not break down

FF FF FEF O FF FF EF FE F H H Hydophilic

Perfluorooctanoic acid 8:2 Fluorotelomer sulfonate
PFOA - B:2FTS
Teflon®

Health Concerns® nitps:/mww.atsdr.cdc.govipfas/health-effects.html

® Affect growth, learning, and behavior of infants and children
® Endocrine disruption

® Increase cholesterol levels

® Affect the immune system

® Increase risk of cancer

* Infertility



Table 2-1. Discovery and manufacturing history of select PFAS

PFAS!

Development Time Period

https://pfas-1.itrcweb.org/

Invented

Non-Stick
Coatings

Waterproof
Fabrics

Stain &
Water
Resistant
Products

Initial
Production

Firefighting
foam

Pre-Invention of Chemistry /

Initial Chemical Synthesis /
Production

U.S. Reduction
of PFOS, PFOA,
PFNA (and other
select PFAS?)

PFOA Initial Protective
Production Coatings
PFNA Initial Architectural Resins
Production
Fluoro- Initial Firefighting Foams Predominant form
telomers Production of firefighting foam
Dominant Electrochemical Fluorination (ECF) Fluoro-
Process® telomerization
(shorter chain ECF)

Commercial Products Introduced
and Used

O Drinking water Bioaccumulation => PFAS compounds build up in biological systems over time

O Food chain - found in food, feed

O Most people have been exposed => found in blood
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PFAS: Source and Exposure

It's Literally Raining 'Forever
Chemicals', And The Storm Could Last

For Decades

ENVIRONMENT 03 August 2022 By CARLY CASSELLA
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https://www.sciencealert.com/
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N Toxic-Free
FUTURE Our Work Research  GetThe Facts Take Action

PRESS ROOM

100% of breast milk samples
tested positive for toxic

“forever chemicals”

May 13, 2021

Press Contact

Stephanie Stohler,
sstohler@toxicfreefuture.org

New study finds that newer PFAS chemicals build up in
people, despite opposite claims made by the chemical
industry

https://toxicfreefuture.org/
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Challenge to laboratory work

:--Perfluorinated

Poly fiu

inated

Parfluoroakyl Acids (PFAAS)

F e | United States
\__/ Environmental Protection
Agency

NP I © [\cecd related standards from supplier to quantify

Acids (PFCAs) : Acids (PFSAs)

PFAS Master List of PFAS Substances

DTXSID or InChiKe: VE

Perfiuoroalkyl Sulfonamide Amino Carboxylates dentie suosting search CompTox Chemicals Dashboard (epa.gov)

it Details A
? . 3 PPy,
Perfiuoroalkyl Sulfonamido Amines
\s Y Description:  PFASMASTER is a consolidated list of PFAS substances spanning and bounded by the below lists of current interest to researchers and regulators worldwide. For all available lists on the
dashboard view these search results.
Per- and polyfluorinated alkyl substances (PFAS) represent a growing, increasingly diverse inventory of chemicals of interest to the general public, scientific researchers, and regulatory agencies world-wide.
Accompanying data-gathering, testing, and environmental monitoring exercises, in turn, have led to the publication and sharing of various lists of PFAS chemicals, some exceeding several thousand substances.
Amajor effort was undertaken by EPA researchers within the National Center for Computational Toxicology to curate and structure-annotate several public lists in DSSTox. The below list of registered PFAS lists,
’ A from within and outside EPA, encompass PFAS of potential interest based on environmental occurrence (through literature reports and analytical detection) and manufacturing process data, as well as lists of

Fluorotelomer Alcohols - - . "
PFAS chemicals procured for testing within EPA research programs. The consolidated list contains a number of PFAS CAS-name substances, with a subset represented with defined chemical structures. There is
no precisely clear definition of what constitutes a PFAS substance given the inclusion of partially fluorinated substances, polymers, and ill-defined reaction products on these various lists. Hence, PFASMASTER

uorotelo fonates serves as a consolidated list of substances spanning and bounded by
Fi rot mer SU' at worldwide. This PFAS Master List will continue to expand as compond
g ~ https://comptox.epa.gov/dashboard/chemical_lists/EPAPFASRL is al i £ i B P
4 - r ™ i

Fluorotelomer Sulfonamido Betaines Umober or Lnemicals:
htips://comptox.epa gov/dashboard/chemical_lists/EPAPFASINV is 4
https://comptox.epa.gov/dashboard/chemical_lists/EPAPFAS75S1 list is a prio
htips://comptox.epa.gov/dashboard/chemical_lists/EPAPFASINSOL is a list of chemicals procured, but found to be insoluble in DMSO above 5mM
htips://comptox.epa gov/dashboard/chemical_lists/PFASOECD is a list of PFAS chemicals in the OECD New Comprehensive Global Database.
https://comptox.epa.gov/dashboard/chemical_lists/PFASKEMI is a list of PFAS chemicals from a KEMI Swedish Chemicals Agency Report (provided by Stellan Fischer)
htips:/comptox.epa.gov/dashboard/chemical_lists/PFASTRIER is a list of PFAS compiled by a community effort in 2015,
https://comptox.epa.gov/dashboard/chemical_lists/EPAPFASCAT is a list of structure-based Markush PFAS categories (capabilities under development)
hitps://comptox.epa.gov/dashboard/chemical _lists/PFASSTRUCT is a list of all PFAS structures containing a specific defined substructures.
https://comptox.epa.gov/dashboard/chemical_lists/PFASDEV is a list of PFAS chemicals without explicit structures - polymers and other UVCE chemicals (

12039


https://comptox.epa.gov/dashboard/chemical-lists/pfasmaster

Spec Targeted analysis

LC-MS/MS Methods for Quantitation of PFAS

Method Name PFAS Targets Sample Preparation Reporting Limits

SPE (250 mL drinking water);

EPA Method 537.1 18 reconstitute 1 mL 96% MeOH 0.53-6.3 ng/L

EPA Method 533 5e SPE (100-250 mL drinking water); 1.4-16 ng/L
€tho reconstitute 1 mL 80% MeOH 410 Ng

5 mL water sample + 5 mL MeOH; filter;

EPA 8327 24 2dd 10 ul HOAc 10-50 ng/L

ASTM D7979-16 21 5 mL water sample + 5 mL MeOH; filter 1.5-107 ng/L

ASTM D7968-14 21 2 g Soil + 10 mL 50% MeOH + 0.1% HOAG; filter 2.4-258 ng/kg



SSPEIC PFAS workflow and analytical instrument
~ sample

Sample Preparation Analytical method

X-TRACTION® PFAS (PFE*) D-EVA Concentration FREESTYLE™ SPE PFAS
Soil sam ple or MIX-TRACTION

EIUCLEAN® PFAS D-EVA Concentration
For the sensor controlled For clean-up up to 50 mL

For Extraction

SPE columns For the sensor controlled . 23
evaporation of extracts (e.g. Dual SPE) evaporation to a few L :
Yy
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e | :
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. : + >
kﬁ T FREEL-STYLE™ # —
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§ _______ v ;‘r SPE ;-/;, >.\\ § . 48
- 2 t' &\- ) | -
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FREESTYLE™ XANA PFAS FREESTYLE™ XANA PFAS TableTop EIuCLEAN® PFAS D-EVA Concentration
For clean-up of upto 4 L For clean-up of up to 250 mL SPE columns For the sensor controlled
evaporation to a few pL
| B
.
+ [ S —
\
==
rf
» =
. e 4 ’

LC-HRAM High resolution accurate mass

Q-orbitrap mass spectrometer
8



Sspglc PFAS Analysis

Kit

i | 3

TR N

Thermo Scientific™ PFC-free kit (P/N 80100-62142)

2t daisit ‘ Replacing the wetted
RF R RS 1 Teflon™ surfaces with

F
-, ¢ 5 ©~ T~oH comparable PEEK
FE e RS BT components and
Perfluorooctanoic acid installing a PFOA
PFOA

Teflon® trapping column.

HPLC vials to do PFAS analysis
solvent bottle cap

PEEK tubing assemblies

PEEK Tubing

e ‘ Viper Tubing (to AS
: Injection Valve)

PFAS Delay
Column

PEEK Tubing (from Mobile

Phase Reservoirs to
Vacuum Degasser)

H'igh-pressure
Mixer

Pump Head (B)

—
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Drinking water

Determination of per- and polyfluorinated alkyl
substances (PFAS) in drinking water using
automated solid-phase extraction and LC-MS/MS

2. Introduction

Application note for PFAS analysis

thermoscientific

Determination of per- and polyfluorinated
alkyl substances (PFAS) in drinking water

Using automated solid phase extraction and LC-MS/MS S s
for U.S. EPA Method 533 : > TS
Direct analysis of selected per- and polyfluorinated alkyl
substances (PFAS)in ground, surface, and waste water
by LC-MS/MS

Authors: Xin Zhang, Ch

Rahr Ullah

Authors

8.0e4 —
1000 PFHxA y=8.727x+0.000 0.999 1200 9CI-PF30NS  y=10.230x+0.000 0.998 1200 PFTDA y=9.938x+0.000 0.999 9,10
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2=0.999 2=0.999 °=0.999 4 i
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Hg/L Hg/L Hg/L Min

thermo scientific

Extraction and analysis of poly- and
perfluoroalkyl substances (PFAS) from soil

sLennan

Introduction

LC-MS/MS
' Triple quadrupole
mass spectrometer

10
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2 reF : PFAS Contamination in US

Drinking Water

PFCs detected No PFCs detected
®us. Military Fire/Crash Training Area Sites

Not tested

Figure 2. PFAS occurrence data released by EPA for UCMR 3, using EPA Method 537 and monitoring six PFAS compounds.
Data visualization by Moiz Syed. Sources: EPA and Departmennt of Defense. https:/theintercept.com/2015/12/16/toxic-firefighting-foam-has-
contaminated-u-s-drinking-water-with-pfcs/

the United States Environmental
Protection Agency (EPA) developed EPA
Method 5374 for the Unregulated
Contaminant Monitoring Rule (UCMR 3)
program, which collects data for
contaminants suspected to be present in
drinking water but that do not currently
have health-based standards set under
the Safe Drinking Water Act (SDWA).5

In 2012, six PFASs were added to the
UCMR 3 list to be monitored, including
PFOS and PFOA using EPA Method 537.
In October 2015, occurrence data from
the study was released. It is important to
note that this is only a small fraction of
the hundreds of compounds that can
potentially exist in the environment, such
as the multiple branched and
polyfluorinated PFASs breakdown
products that have been known to be in

environmental waters.
11
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Spec  Screening for untargeted PFAS

A 360.1770 Etoxazole C,H,F,NO,  360.1770

Isopyrazam C, H,F,N 360.1882

20° 23 2° 30

. |

360.1880

~————— 15K Resolution

30K Resolution
60K Resolution
120K Resolution

A

T T T
360.10 360.16 360.22
m/z

Thermo Scientific™ Orbitrap Exploris™ 120 High Full scan quantitation of target PFASs

Resolution, Accurate-Mass (HRAM) Quadrupole + MS/MS confirmation

Orbitrap MS _ _
+ Screening for other contaminants

Routine quantitative workflows and non-targeted analysis can be performed in a single analysis. 12



Spec Targeted quantitation & untargeted screening of PFASs

[———— B U.S. EPA Method 537 target list s
| j B rras CriticalLevel DL LCMRL [N
compound (ng/L) (ng/L) (ng/L) 761
_ PFBS 0.15 0.2 <0.5
A comparison between HF%AM.Orbitrap technology S A e g
and MS/MS for the analysis of polyfluoroalkyl PFDoA 0.47 0.73
substances by EPA Method 537
| PFHpA 0.09 015  <0.5 J
- | |PFHxA 0.13 019 <05 y - |
; : : o s 3 6 7 Minutes 8 9
PFHxXS 1.7 2.4 -
PFNA 0.11 017 <0.5 Calibration Standard
e o O PEOA 0.22 0.5
PFOS 0.26 0.5
| PFTA 0.15 0.2 <0.5 ﬂ
TERNYR | PFTrDA 031 055 "
| PFuNA 0.38 1 & {
7.61 8.04
HRAM Orbitrap technology provides equal or better quantitation in full scan as ¢ T weues 8 -

compared to traditional triple quadrupole techniques, with the additional capability Figure 8. PFOS branch ratio comparison in a sample vs. a

calibration standard. These ratios are represented by overlay of the
to screen fOf unknown PFASs. SRM transitions 49980 (blue trace) and 49999 (red trace). 13
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Using a full scan approach, required
detection limits or MRLs can be
achieved while interrogating for other
untargeted PFAS compounds.

The compounds highlighted in blue are
additional analytes that are not part of
the original U.S. EPA Method 537 list
but were found in processed drinking
water from the same UCMR3 water
extracts.

PFAS
compound

PFBA
PFODA
PFDS
PFHxDA
PFPA

0.13

Critical Level
(ng/L)

DL
(ng/L)

0.19

0.55

0.19
0.12
0.19

<0.5
0.5
<0.5

LCMRL
(ng/L)

0.64

1

Targeted quantitation & untargeted screening of PFASs
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Spec Summary

PFAS, a global concern

* The vast uses of PFAS compounds has resulted in a great number of sources for these substances to enter
the environment.

« Common modes of transport are runoff, especially with firefighting foams into water, or leachate from
landfills, discharge from manufacturing processes or improper disposal.

* Once in the ecosystem, plants, animals and humans are all exposed to PFAS.

 The C-F bonds in the PFAS molecule are very strong,
which make metabolism of these compounds very difficult.

* PFAS bioaccumulates over time and causes various health concerns

* The detection and quantification of known PFAS and the discovery of unknown PFAS substances

are important
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