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PFAS introduction

* Per- and polyfluoroalkyl substances
(PFAS)

* |dentified by a Carbon Fluorine moiety
(-C,F,,+1) within their structure

* Estimated over 3,000 individual PFAS
chemicals on the market (Wang et al.
2017)

PFASs

(C,F

n'2n+1"

Sub-classes of PFASs

PFCAs:

(C —COOH)

nF2n+1

PFSAs-
(CoFanr—SO5H)

. n' 2n+1
perfluoroalkyl acids -

(PFAAs) PFPAs

(CnF2n+1_P03H2)
PFPiAs

~PO,H—C,,F

m 2m+1)

(CnF2n+1
PFECAs & PFESAs -
(CFynsy=O—C, F

n' 2n+ m' 2m+1

R)

PASF-based
substances

R) (C.F,.4<50,R)

2n+1

> over 3000
PFASs may PFAA
have been precursors

on the global

market

fluorotelomer-based
substances

(CoFanaa—CH,—R)

2n+1

fluoropolymers
others

Individual compounds*

‘perfluoropolyethers (PFPEs)

Examples of Number of peer-reviewed

© PFBA (n=4)
PFPeA (n=5)

O PFHXA (n=6)
PFHpA (n=7)

O PFOA (n=8)
PFNA (n=9)
PFDA (n=10)
PFUNA (n=1)
PFDOA (n=12)

O PFTrA (n=13)

O PFTeA (n=14)
PFBS (n=4)
PFHxS (n=6)

O PFOS (n=8)
PFDS (n=10)

O PFBPA (n=4)

© PFHxPA (n=6)
PFOPA (n=8)

PFDPA (n=10)

O C4/C4 PFPIA (n,m=4)

© C6/C6 PFPIA (n,m=6)
C8/C8 PFPIA (n,m=8)

© C6/C8 PFPIA (n=6,m=8)

ADONA (CF,—0~—C,Fg—O—CHFCF,~COOH)

© GenX (C,F,~CF(CF,j—COOH)
EEA (C,F,—O—C,F,~O~CF,~COOH)

O F-53B (CI—CGF,Z—O—C2F4—SOBH)

O MeFBSA (n=4,R=N(CH,)H)
MeFOSA (n=8,R=N(CH,)H)

O EtFBSA (n=4,R=N(C,H)H)

O EtFOSA (n=8,R=N(C,H H)
MeFBSE (n=4,R=N(CH,)C,H,OH)
MeFOSE (n=8,R=N(CH,)C,H,OH)

O EtFBSE (n=4,R=N(C,HJC2H40H)

O EtFOSE (n=8,R=N(C,H,)C,H,OH)

© SAMPAP {[CgF,.SO,N(C,H.)C,H,0],—PO,H}
100s of others g
4:2 FTOH (n=4,R=0H)

© 6:2 FTOH (n=6,R=0H)

© 8:2 FTOH (n=8,R=0H)

0 10:2 FTOH (n=10,R=0H)

© 12:2 FTOH (n=12,R=0H)

© 6:2 diPAP [(C4F,,C,H,0),—~PO,H]

0 8:2 diPAP [(C4F,,C,H,0),—PO,H]
100s of others

O polytetrafluoroethylene (PTFE)

o polyvinylidene fluoride (PVDF)
fluorinated ethylene propylene (FEP)
perfluoroalkoxyl polymer (PFA)

articles since 2002**

928
698
1081
1186
4066
1496
1407
1069
1016
426
587

654
1081
3507

340

3
33
31
35

4
12
12

8

4
26
6
14
25
134
7
259
24
116
4
146
8

106
375
412
165
42
23
25




PFAS introduction

* Per- and polyfluoroalkyl substances
(PFAS)

 |dentified by a Carbon Fluorine moiety
(-C,F,,+1) within their structure
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2017)






Various mass spectrometry methods for
Investigating PFAS

Targeted - analyzing for a suite of analytes with a validated method
e.g. How much PFOA is in my water?
* Reference standard needed

Low Resolution Mass Spectrometry (LRMS) =

High Resolution Mass Spectrometry (HRMS)

Non-Targeted - no preconceived notion of chemical present
e.g. What chemicals are in my water?
* Informatics needed

7 S

Suspect Screening — NTA Discovery — novel
screening against a database compound identification
of chemicals



https://vistaexpertise.blogspot.com/2011/09/vista-planning-and-management-part-3-do.html
https://creativecommons.org/licenses/by-nc-sa/3.0/
https://creativecommons.org/licenses/by-nc-sa/3.0/
http://parsonseth.wordpress.com/2012/02/22/lent2012/
https://creativecommons.org/licenses/by-nc-nd/3.0/

Low Resolution VS High Resolution
Mass Accuracy

PFOA: MW 413.0 +/-0.1t0 0.5 Da MW 412.9964 +/- 0.0004 Da (1ppm)

Mass accuracy is the ability to measure or calibrate the instrument response against a known entity. Usually expressed
in parts per million (ppm), the measurement indicates the deviation of the instrument response from a known.

Balogh 2004 Debating Resolution and Mass Accuracy
LCGC NORTH AMERICA VOLUME 22 NUMBER 2




SRM 2585 dust example
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Building a Case for Identification

* Some key tools:
Abundant peaks
Contain halogens (F, Cl, Br)

Isotopic signature




Key tools: Isotopic signature

ISOTOPES
ISOTOPES OF CHLORINE
17 35C 37C
—
: Varying number of
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Key tools: Isotopic signature
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Building a Case for Identification

* Some key tools:
 Abundant peaks
 Contain halogens (F, Cl, Br)
* |sotopic signature

* Negative mass defect




Key tools: Negative Mass Defect
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Building a Case for Identification

* Some key tools:
 Abundant peaks
 Contain halogens (F, Cl, Br)
* |sotopic signature
* Negative mass defect

* Homologous series




Key tools: HomOlOgOUS series A series of organic compounds of the same family which differ
. by a common structural unit, For PFAS, that structural unit is

often a CF2 unit.
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Key tools: Homologous series

FluoroMatch Watch
I_ Visualizer ®) 5

Kendrick Mass Defect Plots (Normalized to CF2)
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Key tools: Homologous series 3 -
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Key tools: Homologous series

Kendrick Mass Defect Plots (Normalized to CF2)
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Building a Case for Identification

* Some key tools:
 Abundant peaks
 Contain halogens (F, Cl, Br)
* |sotopic signature
* Negative mass defect
* Homologous series

Background filtering




|[dentifying emerging PFAS point sources
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|[dentifying emerging PFAS point sources
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|[dentifying emerging PFAS point sources
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Novel PFAS in the CFR

Monoether PFECAs PFESAs
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Determining the bioaccumulation of
emerging PFAS

* Since many of these PFAS are emerging, standards
often are not available to purchase for toxicology
studies

* How do we prioritize synthesis and subsequent ? ? 5
toxicological testing? ? 5

 Compounds with higher bioaccumulation can lead * §
to higher toxicity due to longer residence time in
tissues

 Rapid Assessment Bioaccumulation Screening
(RABS)
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May and April 2018

Charleston

’ Greensboro
oxville
Raleigh
Charlotte
Greenville
Columbia
h

Richmond

Norfol

Pee Dee
[T 1T 1171771
0 40 80 160 Miles

Neuse-Pamlico

Cape Fear

1

Fayetteville
Works Plant

Esri, HERE, Garmin,

Esri, HERE, Garmin, FAO, NOAA, USGS, EPA

T Control Water
T William O Huske Dam Water

A Fayetteville Works
— Watershed Boundary Dataset: HUC




RABS Water Concentration

* Concentrated collected water approximately 1000X

* Targeting a known level of GenX since a standard became available
shortly before the completion of this study

- y—




Novel PFAS in RABS Concentrate

Monoether PFECAs PFESAs
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Novel PFAS in RABS Concentrate

KEY:
Short chain PFAS

Long Chain PFAS

Ion Chromatogram
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RABS Dosing

7 Days 24 hour
0.2 mL dosing/day | Depuration

XX R

Control Creek Surface X

Water Concentrate (n = 6) N

~_
Q & @ ‘ Agilent 1200 UPLC
- - iy coupled to 6546 QTOF

William O Huske Dam Surface
Water Concentrate (n = 8)

Individually Pools mass spectrometer
collected collected

Gavaging adult BALB/c mice approximately 100 pug/kg/day of GenX




Determining the bioaccumulation of
emerging PFAS
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Determining the bioaccumulation of
emerging PFAS
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Kotlarz et al. 2020 https://doi.org/10.1289/EHP6837



https://doi.org/10.1289/EHP6837

Next Steps

* In the past year, several polyether PFECAs have been synthesized and
purified and are now commercially available to purchase.

 Standardized toxicological

studies are now under way

for PFO,DA and ' LN "

PFO.DoDA. o 'l
e Can we expand upon the ol \X

RABS study and complete =

a RABS for other PFAS X

mixtures? *
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