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The General Classes of Per- and Polyfluoroalkyl Substances (PFAS)

|
Non-polymer Polymer
* Fluoropolymers
* Perfluoropolyethers (PFPE)
Perfluorinated Polyfluorinated < Side-chain fluorinated
| | polymers
PFAAs FTSAs
et Perfluoroalkyl acids Fluorotelomers:
FASAs * Carboxylates FASESs e Sulfonates
FASAAs
» Sulfonates e Carboxylates

e Alcohols

Source: ITRC Naming Conventions and Physical
Chemical Properties fact sheet
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What are fluorotelomer alcohols (FTOH)?
|

Fluorotelomer alcohols are polyfluorinated alkyl substances
that have been used as precursors in the manufacture of
perfluorinated alkyl substances, acrylate polymers and used
in the manufacture of some consumer products.

* Paper based food contact material (FCM)
*  Waterproofing/Impregnation Agents
* Waxes and cleaning agents

* Textiles
* Clothing
* Carpet

e Commercial AFFF
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8:2 Fluorotelomer Alcohol

R FR FR FR F Other
fluorotelomer
FFFEFFFF alcohols typically
used:

F

Naming convention is

the number of e 42 FTOH
carbons that are fully 6:2 FTOH

fluorinated followed 79s FTOH
by the number of 87 FTOH
hydrocarbon carbons 1012 FTOH
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Examples

R FR FR F O

F
SOOI o

FFFFF FF F FFFFF FF F

Perfluorooctanoic acid (PFOA) Perfluorooctanoate (PFOA)

EF FE FE F R FR FR F
F //O F

//S\OH ‘

F FF FF F O FFF FFF

6:2 Fluorotelomer sulfonic acid (6:2 FTY) 6:2 Fluorotelomer sulfonate (6:2 FTS)
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Fluorotelomer Alcohols
I

Therefore, fluorotelomer alcohols are
volatile meaning that they can be separated
and analyzed by gas chromatography.

But are they 8260 type volatile or 8270
type semi-volatile?

We chose 8270 type...
« GC/MS/MS method
* Water and solids
* Instrumental set-up like 8270E
* Extractions like 3510 and 3540/50

* |sotopically labeled analogs available as
surrogates
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Chemical Fingerprinting
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Herzke, et al., 2012, Chemosphere, 88, 980-987
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TO P Assqy i::;rr?cnament Testing

What is the Total What the TOP Assay is
Oxidizable Precursor NOT

(TOP) Assay!? A risk assessment tool

A PFAS sample preparation Total PFAS methodology
technique

Indicates presence of |ldentify Unknown PFAS

unidentified precursors Mass balance PFAS

Used in conjunction with

: Non-target identification
standard analysis

Contrasts pre and post
oxidation results

https://pubs.acs.org/doi/10.1021/es302274¢
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https://pubs.acs.org/doi/10.1021/es302274g

WHAT IS THE
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SOURCES

Where PFAS contamination
in air emissions could be
coming from

I * Hazardous Waste Incinerators I * Manufacturing Emissions
* Sewage Sludge Incinerators * Treatment System
* Thermal Oxidizers SmlsEene
* Thermal Desorbers “Dirt > Leetuell) s
Burners” * Airports/Fire Fighting
* Chemical Plants/Process Vents * Users/Coating Operations
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WHY ISTHIS A PROBLEM

Ambient Air

* Ambient air
contamination

Range Transport

Investigations
and cleanup

* Atmospheric
deposition
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TYPES OF AIR §
VOLATILE PFAS
ARE FOUND IN
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Source Air

Application: Volatile PFAS
from Source Air Emissions

Collection: by OTM-45 or
Modified Method 18

Sample Preparation: by
OTM-45 or MM18

Analysis: FTOHs by GCMSMS
with Isotope Dilution

Ambient Air

Application: Volatile PFAS in
Ambient Air "
Collection: PUF/Resin Cartridge
based off EPA TO-13A

Sample Preparation: Methanol
Extraction, user-defined
method

Analysis: FTOHs by GCMSMS
with Isotope Dilution

Vapor

Application: Volatile PFAS in
Indoor Air and Soil Vapor

Collection: Thermal Desorption
(TD) Tube based off EPA TO-17

Sample Preparation: Thermal
Desorption based off EPA TO-17

Analysis: FTOHs by TD/GCMSMS



VOLATILE PFAS |
IN SOURCE AIR



Targeted PFAS
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Fluoroether E-1
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Non-lonic PFAS Compounds

4:2 FTOH 4:2 Fluorotelomer Alcohol

Fluoroether E-1I Heptafluoropropyl 1,2,2,2-tetrafluoroethyl ether

CF3'CHF 'O'CFz'CFz'CF3

Carbon Tetrafluoride
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CONDENSER ICE
BATH MAINTAINED

COOLING
I_T_Il::-gg WATER IN NEAR 0°C
) THERMOCOUPLE OR
XAD-2 BREAKTHROUGH TEMPERATURE
RESIN XAD-2 RESIN TUBE READOUT
TUBE [z asts
mmwmwj - ffﬁﬁm
Condensate & 5;11*!
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TESTING FOR
PFAS IN
AMBIENT AIR
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Vapor Pressure 20-25C (PA) | Henry’s Law Constant

4:2 FTOH 2.1 E+02 2.4 E-02
6:2 FTOH 1.8 E+01 1.5 E-01
7:2s FTOH - -

8:2 FTOH 4.0 E+00 5.5 E+00
10:2 FTOH 2.1 E-01 4.2 E+00

Trichloroethene has a vapor pressure of 7.8 E+03 at 20C
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High Volume Sampler
~220L/min

PUF/Resin/Quartz
Filter, High Volume

~2 pg/m3 range

Photo courtesy of TRC Companies

Personal Sized Pump
| L-20L/min

PUF/Resin Cartridge,
Low Volume

~| ng/m3 range

Ultra-Low VYol

|0s to 100s Liters

Multi-sorbent
Tube

Thermal
Desorption

GC/MS/MS

~| ug/m3 range




FTOHs in Air by Modified EPA TO-17
— ﬁ&

Thermal Desorption (TD) — GC/MS/MS
* Multi-bed sorbent tube

* Concentrates sample to improve sensitivity
* Targets FTOHs
* Accommodates low volume for soil gas and

high volume for indoor air
* TD sample introduction

* Enhanced sensitivity as compared to solvent
injection
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AEeurofing | et Testing FTOHs in Air by Modified EPA TO-17

America

* GC/MS/MS

* Sensitivity and Selectivity demonstrated for
FTOHs in representative soil gas and indoor
air matrices

* FTOH Reporting Limits
* Base reporting limits ~0.|ng/sample

* Final reporting limits dependent upon
sample volume collected with ranges from
Ing/m3 to lug/m3.
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QUESTIONS?

Charles.Neslund@EurofinsET.com
717-799-0439
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