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PFAS in the News



What are PFAS?
• Per- and Polyfluoroalkyl Substances (PFAS)

• Per = Fully Poly = Many

3

6:2 Fluorotelomer Alcohol (6:2 FTOH)

8:2 Fluorotelomer Alcohol (8:2 FTOH)

Perfluorooctane Sulfonic Acid (PFOS)

Perfluorooctanoic Acid (PFOA)



PFAS Terminology
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ITRC, Naming Conventions and Physical and Chemical Properties of Per-and Polyfluoroalkyl Substances (PFAS), https://pfas-1.itrcweb.org/fact-sheets/



• Surface Active Agents
– Same type of compounds as detergents 

and soaps

– Hydrophilic (water-loving) and 
Hydrophobic (water-hating)

• Water and Oil Repellency
– All oil repellents also repel water

– Not all water repellents repel oils

– Harder to repel oil
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PFAS Chemical Properties



• Many PFAS are thermally and chemically stable

• Resistance to degradation -> “Forever Chemicals”

• Can be difficult to tell if a chemical is treated with 

PFAS
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PFAS Uses



• Exposure sources vary 
regionally

– Industrial inputs

– Land application of sewage 
sludge

–  Consumer products

• Carpeting, upholstery

• Cosmetics

• Food packaging
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PFAS Release to the Environment



• Inhalation (gas-phase & particle) 

• Inadvertent ingestion of dust 

• Transfer across placenta in utero

• Ingestion of contaminated food, & drinking water 

Human Exposure to PFAS
Fact: >99% of the US population has PFAS in their blood
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CANCER



Report released online July 28, 2022

• Scientists and medical doctors 
evaluated the scientific literature

• Looked for epidemiological evidence

• Developed clinical guidelines and 
cancer screening recommendations 
based on blood levels
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PFAS Clinical 
Guidance
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• Calculate the sum of these 7 PFAS:

– PFOA

– PFOS

– PFHxS

– PFNA

– PFDA

– PFUndA

– MeFOSAA

• If >20 ng/mL, recommended medical 
screenings for high cholesterol, thyroid 
disease and some cancers

• Note: not all PFAS are measured in blood

PFAS & Clinical Care



What are the Primary Sources of Exposure 

to PFAS?
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• On average, >90% of our exposure 
to PFAAs is from our drinking 
water & food

– Drinking water dominates 
exposure when levels are above 
100 pptr 

– PFAS exposure in food still 
important

– Indoor exposure is minor 
contribution in these situations
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Source: Vestergren et al. 2009

“High” Levels in Drinking Water (~500 pptr)

PFOA Exposure in the General Population



• On average, 75-80% of our 
exposure to PFAAs is from our 
diet when

– Low levels of PFAS in drinking 
water (<5 pptr)

• Greater percentage of 
exposure coming from 
indoor air/dust and 
precursors
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Low Levels in Drinking Water (< 5 pptr)

Source: Vestergren et al. 2009

PFOA Exposure in the General Population

“Indoor environment”



Question: Are PFAS Treated Furnishings 

Contributing to Human PFAS Exposure?
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PFAS Treated Furnishings 

Stain repellent treated carpets Stain repellent treated furniture



From Source to Dose
(knowns and unknowns)

Treated Products Exposure Media

(air, dust)

Internal Dose

 (blood levels)



PFAS Levels in Dust Associated with Carpeting

• Dust was collected in NC homes 
and in the living quarters of fire 
stations

• Some PFAS (FTOHs) were higher 
in homes with more carpeting, 
suggesting carpeting was a 
source

Hall et al. 2020



PFAS Levels in Dust Associated with Carpeting

• Paired samples of dust and snips 
of the carpet fibers were 
collected in child care centers

• PFAS levels in the carpet fibers 
were significantly correlated with 
levels measured in dust



PFAS Levels in Blood Associated with Carpeting

• Analyzed PFAS blood levels reported in 
NHANES dataset based on survey 
characteristics of the home

• Two PFAS in blood (PFHxS and 
MeFOSAA) were significantly higher in 
individuals living in homes with low pile 
carpeting compared to individuals in 
homes with smooth surfaces

• 19-24% higher in blood when living in 
home with low pile carpeting



• PFAS treatments on textiles can break down over time to form 

volatile PFAS.  See example below

PFAS Precursor Degradation in Textiles

“Weathering”

8:2 FTOH

6:2 FTOH

Measured in air/dust

PFOA

PFHxAMetabolism

Measured in blood



“Precursors” can form harmful PFAS

• Air sampled in office buildings 
(both new and old)

• Blood collected from office 
workers

• 8:2 FTOH levels in air were 
significantly correlated with 
PFOA levels in blood



Ongoing Research Study

Samples collected: June – November 2021
Recruitment:

• Flyers
• Local Newspaper Ads
• Facebook Ads

Inclusion Criteria:

• Living in or former resident of 
drinking water impacted 
Michigan community

• Children or adults
• Consumed city water or had a 

private well from 2005-2018

• Questionnaire
• Blood serum collected
• Wristband worn for 1 

week

• Passive air sampler
• Investigator collected 

dust

Dr. Courtney 
Carignan

Michigan State Univ.
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Wearable Samplers: 
The Silicone Wristband

Inhalation

Dermal

Inadvertent dust

ingestion?

Exposure Routes

DietX

MetalsX

• Wristbands first introduced as 

a wearable personal passive 

sampler to measure ambient 

exposure in occupational 

settings and in the general 

population (O’Connell et al., 2014)



PFAS in Wristbands Predict Blood PFAS

(Note: Data is plotted on a log scale)
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Hoxie et al., Under Review



(Data is plotted on a log scale)
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Hoxie et al., Under Review

PFAS in Wristbands Predict Blood PFAS

➢ Suggests that >80% of exposure is from
  indoor air or dust



**p-value = 0.01
***p-value < 0.01 

27

Hoxie et al., Under Review

More Time Indoors = More PFAS Exposure

• Participants completed a survey and 
reported on average time spent in 
the home per day

• Wristband MeFOSE levels were ~2X 
higher if spent more than 17hrs in 
the home per day

• MeFOSE levels also higher with age 
of participant





Changes in the Carpet Industry



Challenges in the EPA Reporting Rule

There are a lot of unknown uses of PFAS – tracking in 
the supply chain can be difficult

How do you define PFAS?

How do you measure PFAS?



Is it a PFAS?

Fipronil Prozac



EPA PFAS Reporting Rule:

Is it a PFAS?



Analyzing Materials for PFAS

• Qualitative
– Total Oxidizable Precursor (TOP) assay – measures the mass of 

PFAS precursors that can break down into the PFAAs (more toxic 
forms)

– Particle-induced gamma-ray emissions (PIGE) spectroscopy – 
measures elemental fluorine on thin surfaces

– Adsorbable organic fluorine (AOF) or extractable organic fluorine 
(EOF)- measures the organofluorine content of a sample as 
fluoride using combustion ion chromatography. 

• Quantitative
– Mass Spectrometry

• Do you want to measure neutral/volatile PFAS or ionic/aqueous PFAS?
• Targeted or untargeted
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Results 

(ng/g)  

TCEP TCPP TDCPP TPP DMP DEP BBP TBB TBPH BDE 28+33 BDE 47 BDE 99 BDE 153 BDE 209

Mean ±

St Dev
19 ± 13 406 ± 565 256 ± 177 3159 ± 4851 12 ± 5 1186 ± 869 495 ± 575 48 ± 41 70 ± 67 2.8 ± 1.1 27.6 ± 26 22.9 ± 11.8 2.1 ± 1.4 16.2 ± 5.7

Range 7 - 37 89 - 1407 48 - 512 351 - 11620 <MDL - 16
<MDL -

2307
79 - 1504 <MDL - 108 5 - 163 1.4 - 4.2 7.9 - 72.5 8.6 - 35.5 0.6 - 3.3 8.9 - 23.4

MDL 2.35 0.99 0.77 2.17 6.85 313 4.6 1.73 0.43 0.88 0.81 0.24 0.28 4.91

Non-Targeted Analyses Using Silicone Wristbands: Evaluating the Personal Exposome

Nicholas J. Herkert, Ellen M. Cooper, Heather M. Stapleton*
Nicholas School of the Environment, Duke University, Durham, North Carolina USA

Qualitative Results

Analytical Methods

Quantitative ResultsIntroduction 

Next Steps

Figure 1.  

Correlation of 

concentration of 

selected OPFRs 

analyzed with Agilent 

GC/EI-MS (SIM) and 

Thermo QE GC-

HRAM.  

INHALATION

PARTICLE

DEPOSITION

•Wristbands have been used as 

personal passive samplers to 

measure adult ambient exposure 

and children’s FR exposure. Current 

research suggests that the 

wristbands can estimate exposure 

that occurs via inhalation, and 

potentially via dermal absorption. 
“Personalized Exposure”

• 5 Wristbands worn 5 days

• 3 Field blanks

Extraction : Sonication in hexane:DCM

Florisil SPE: F1 eluted with Hexane; 

F2 Eluted with Ethyl Acetate

Targeted Analysis

GC/EI-MS

Targeted and Non-targeted 

Screening: GC-HRAMS

Chromatographic conditions:

2 (1 for QE) μL injection pulsed splitless

Constant flow 1.3 mL/min

PTV inlet: 80-300°C, 10°C/s

Oven: 80°C for 2 min; to 250°C at 20°C/min; 

to 260°C at 1.5°C/min; to 300°C at 25°C/min 

for 20 min; Transfer line 300°C

Column: TG-5SILMS 30m x 250 μm, 0.25 μm 

film

MS conditions:

GC-HRAMS: Full Scan

Source 300°C

Emission 50 μ A

Electron energy 70 eV

Scan range 35-750 m/z

GC/EI-MS: Select Ion Monitoring

Source 230°C

Emission 35 μ A

Electron energy 70 eV

Thermo Scientific™ Q Exactive™ GC 

Orbitrap™ GC-MS/MS

Data Processing

Field Blank & Sample Chromatograms: F1 Samples

Observations:

• Lack of RT specificity in library searches leads to multiple 

matches for a given compound; retention indices (e.g., based 

on n-alkanes) may help confirm matches

• Overall, more features were identified by the HRAM library 

than by the NIST library

• Most identified compounds were observed in field blanks at 

low levels. For example, on average TPP levels in blanks were 

<0.25% of levels in samples, while DEET blank levels reached 

up to 3% of levels found in samples. This raises the question 

of how best to perform blank subtraction in this workflow

Agilent 7890A GC System with 

5975C inert XL EI/CI MSD

Thermo TraceFinder with Unknown Screening:
• Deconvolution Plugin for feature finding 

• Peak Detection by ICIS

• TIC threshold 50,000 counts

• Mass tolerance 5 ppm

• Ion overlap 98%

• Alignment and Gap Filling

• Identification:

• NIST library (probability threshold 80)

• Thermo HRAM GC-Orbitrap Contaminants Library (~800 entries)

• Elemental composition prediction

Overview of Preliminary Results from Unknowns Analysis

Features  

Total=1794

NIST Matches, 

(≥80%) Total=24

HRAM 

Contaminants 

Library Matches    

Total=32

Unmatched 

Total=1762

Blanks 978-1076 3-6 23-26 955-1050

Samples 740-1643 3-10 12- 25 728-1618

Group Compound N (%)

Phthalates

Diethyl Phthalate (DEP) 5 100%

Dibutyl Phthalate 5 100%

Benzy butyl phthalate (BBP) 5 100%

PAHs

Fluorene 3 60%

Phenanthrene 5 100%

Pyrene 4 80%

Organophosphates

Isopropyl diphenyl phosphate 1 20%

Triphenyl phosphate (TPP)* 5 100%

Tris(2,4-di-tert-butylphenyl) phosphate 1 20%

Pesticides

DEET 4 80%

Etofenprox 5 100%

cis-Pyrethrin 3 60%

trans-Pyrethrin 3 60%

Pyriproxyfen 5 100%

Terbucarb 5 100%

Triclosan 1 20%

Field Blank & Sample Chromatograms: F2 samples

RT: 4.00 - 38.00
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Sample
1617 molecular features found
10 with >80% match to NIST
23 matches with HRAM library

Blank
1019 molecular features found
7 with >80% match to NIST
25 matches with HRAM library

Sample
Analysis Pending 

Blank
Analysis Pending

*Mass accuracies were typically under 1. For example, the 

mass accuracy for TPP was -0.59496 +/- 0.227855 ppm.

(O’Connell et al., 2014; Kile et al., 2016; Hammel et al., 2016)

•In a previous study, we demonstrated that concentrations of 

organophosphate flame retardants (OPFRs) on the wristbands were 

significantly correlated with their respective biomarkers in serum and 

urine, demonstrating that the wristbands capture meaningful exposures.
(Hammel et al., 2016; Hammel et al., In Review)

• To date we have evaluated the utility of silicone wristbands in predicting 

exposure for OPFRs, polybrominated diphenyl ethers (PBDEs), 

phthalates, pesticides using targeted analysis. Now we are exploring a 

high resolution mass spectrometry (HRAM) for a non-targeted analysis. 

• Refine Deconvolution and TraceFinder workflow

• Address data analysis of EI results for F1 samples in EI, and of 

PCI and NCI results of F1 and F2

• Evaluate approaches to blank subtraction

• Compile a HRAM in-house library of compounds relevant to our 

lab’s current research

• Investigate improved approaches for sample clean-up to 

reduce instrument maintenance downtime

• Evaluate the use of n-alkane analysis and relative indices 

to assist compound identification, particularly for low-

resolution libraries (e.g., NIST)

*Nicholas.Herkert@duke.edu; Heather.stapleton@duke.edu

R01 ES016099
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Example HRAM Identifications
PFAS?



Closing Points

• PFAS exposure is ubiquitous

• Identifying which products/uses contributes most to human 
exposure is incredibly difficult due to unknown 
applications/uses in the home

• Diet is a dominant exposure route for some PFAS; however, 
exposure to N-MeFOSAA appears to be primarily via inhalation 
indoors

• More transparency in PFAS use can help identify where there 
are risks for exposure and where there is no/minimal risk
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• Kidney cancer – sufficient evidence for association with PFOA

• Testicular cancer - suggestive evidence for association with PFOA

• Breast cancer – limited and inconsistent evidence 
36

Perfluorooctane Sulfonic Acid (PFOS)

Group 2B Possible Carcinogen
Perfluorooctanoic Acid (PFOA)

Group 1 Carcinogen

High PFAS Exposure and Cancer



Schellengerger et al. 2022
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