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• PFAS Sources

• PFAS Migration Pathways and Routes of Exposure
– Worker Exposure
– Residential Exposure

• PFAS Toxicology

• PFAS in Dust & Indoor Air
– What we know….

• PFAS Occupational Studies

Presentation Overview
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PFAS Sources
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PFAS in the News
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Sources of PFAS
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What Types of Sites Can 
Be Sources of PFAS?

• Fire training facilities

• Fire stations

• Refineries

• DoD sites/Military bases

• Commercial and private airports

• Landfills (leaching from consumer products)

• Biosolids land application 

• Rail yards

• Car washes

• Chemical facilities

• Plating facilities

• Textile/carpet manufacturers

• Residential areas with septic systems
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Sources of PFAS in Indoor Environments

Source: We're breathing PFAS: URI-led study finds harmful 
forever chemicals in indoor air – Graduate School of 
Oceanography, 2021
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Fluorotelomer Alcohols 
(FTOHs) are dominant 
PFAS in both ambient 
and indoor air
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PFAS Migration Pathways 
and Routes of Exposure
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PFAS Exposure Depends on Migration Pathways
Industrial Site Example

Source:  June 2022 ITRC PFAS Guidance, Section 9: Site Risk Assessment, Fig 9-2

• 1º Source:               
PFAS 
production 
plants

• 2º Source:
manufacturing    
w/ PFAS

• PFAS 
Accumulators 
landfills,  
WWTPs, 
incinerators, 
AFFF releases
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Atmospheric Emissions

Particles
• Dominated by anionic PFAAs 

(Ge et al. 2017; Dreyer et al. 2015; Ahrens et al. 2012)

̶ PFOA sorbs to smaller particles

̶ PFOS sorbs to larger particles

Vapor
• Dominated by neutral FTOHs 

• FTOH vapors are dominant PFAS 
present in ambient air over urban areas, 
open oceans and remote areas (Ahrens et 
al. 2012; Bossi et al. 2016; Lai et al. 2016; Wang et 
al. 2015; Dreyer et al. 2009).
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Atmospheric Transformation
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Atmospheric Deposition

Wet and dry deposition 
remove PFAS from the atmosphere

 Particle-bound PFAS deposition through 
wet scavenging/deposition (precipitation) 
or dry deposition (settles to ground in dry 
weather) (Slinn, 1984; Sehmel, 1984)

 Partitioning of PFAS vapors to water 
droplets, which fall as rain or snow 
(Dreyer et al. 2010; Hurley et al. 2004) 

 Deposition occurs over period of a few days (for particulates) to a few weeks 
(for vapors) (Chen et al. 2016; Lin et al. 2014; Dreyer et al. 2010; Hurley et al. 2004)  
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Atmospheric Deposition Accumulates Over Time

 Pollutant disperses 
into the environment

̶ Because the 
compounds are 
stable, they don’t 
break down and 
work into the soil 
and water layers

 Each year adds a 
new layer
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Courtesy of NH Department of Environmental Services
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PFAS Routes of Exposure
Industrial Stack Emission Example

Source:  June 2022 ITRC PFAS Guidance, Section 9: Site Risk Assessment, Fig 9-2

• Inhalation of 
airborne 
particulates/ 
vapors

• Direct contact 
with particulates 
and dust once 
settled out of 
atmosphere 
(atmospheric 
deposition)

• Leaching of 
atmospheric 
deposition into 
groundwater

• Surface water 
runoff from 
atmospheric 
deposition
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PFAS Routes of Exposure
Surface Release Example

COLOR KEY

Sources: identified with dark blue text Human Health Receptors and Exposure: identified with green text
Migration Pathways: identified with lighter blue text Ecological Receptors and Exposure: identified with white text 
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PFAS Routes of Exposure
Indoor Residential Example – Consumer Products, 
Household Textiles, Paint/Carpet

Source: A framework to model exposure to per- and polyfluoroalkyl substances in indoor environments -
Environmental Science: Processes & Impacts (RSC Publishing); Eichler and Little, 2020

• Inhalation of 
airborne 
particulates/ vapors 
from household 
PFAS products and 
carpets

• Incidental ingestion 
of PFAS dust 
(settled airborne 
particulates)

• Dermal contact 
with household 
textiles, cosmetics, 
and other 
consumer products
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PFAS Exposure Biomonitoring

• Significant 
reduction (70-90%) 
in PFOA & PFOS 
blood levels since 
testing started in 
1999 / 2000 
(ATSDR 2022)

• Decreasing trend 
of long-chain 
PFAAs due to 
reduction in 
production and 
consumer use
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Question Time
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PFAS Toxicology
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PFAS Toxicology
“Dose Makes the Poison” - Paracelsus

• Not all toxicity values are the same

• EPA’s 2003 Tiered Approach to Toxicity 
Sources

– Tier 1 – EPA Integrated Risk Information 
System (IRIS) Database  (gold standard)

– Tier 2 – EPA Provisional Peer-Reviewed 
Toxicity Values (PPRTVs)

– Tier 3 – Other tox values 
(states, ATSDR MRLs, and HEAST)
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May 2021

Oral RfDs for all 3 PFAS drop 
from 2E-02 mg/kg-d to 3E-04 

mg/kg-d (based on recent 
EPA PPRTV studies)

PFAS heading and 3 new 
PFAS oral RfDs for PFOA, 

PFOS, and 
Perfluorooctanesulfonate 
added to RSL table  (based 

on recent DWSHA studies); 1 
new PFAS oral SF for PFOA 

added (based on DWSHA 
study)

Nov 2021

May 2022

Oral RfDs for 7 new 
PFAS (based on 

DWSHA or ATSDR 
studies), including 1 

new oral SF (based on 
DWSHA study); oral 

RfDs lower for PFOA, 
PFOS, and 

Perfluorooctane 
sulfonate (based on 

ATSDR study)

Oral RfDs for 7 new PFAS [based on 
Wisconsin studies (4 PFAS) and ORD 

studies (3 PFAS)];

Change in volatile status for 4 PFAS (1 
became volatile and 3 became non-volatile)

Nov 2023

Oral RfD for PFBS 
added to RSL table

Nov 2017

May 2023 

Oral RfDs for 9 new PFAS 
(based on IRIS studies)

Nov 2014

Oral RfD for 
Perfluorobutane 

Sulfonate  & 
Potassium 

Perfluorobutane 
Sulfonate added to 

RSL table

No PFAS changes 
to RSL table

Nov 2022

Notes:

DWSHA = Drinking Water Standards and Health Advisories (EPA Office of Water)

ORD = Office of Research and Development (EPA)

PPRTV = Provisional Peer-Reviewed Toxicity Values

Wisconsin = Wisconsin Department of Health

14 PFAS 
Currently in EPA 

RSL Table

PFOA

PFOS

HFPO-DA
(Gen-X)

PFBS

PFHxS

PFNA

PFBA

PFHxA

PFUnDA

PFDoDA

PFTetDA

PFODA

PFPrA

TFSI

Including Derivatives of 14 PFAS, 31 
Analytes in EPA RSL Table with Oral 

Noncancer Toxicity Values

PFAS Toxicology
Toxicity Value Introduction into EPA’s RSL Table 

Oral Cancer Toxicity Values Available 
for PFOA / Perfluorooctanoates 
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May 2024 

Chronic and Subchronic 
Oral RfDs + Oral SFs for 6 

PFAS (based on EPA 
Office of Water); 6 new 

MCLs added
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PFAS Toxicology 101
Status of Inhalation Toxicity Values                               

 Need toxicity values specific to route of 
exposure

 Aside from some states with draft inhalation 
reference concentrations (noncancer toxicity 
values), EPA has not issued any inhalation 
toxicity values for PFAS

 Therefore, inhalation risks can not be 
estimated at this time, including from vapor 
intrusion concerns.

 This may change at any time once inhalation 
toxicity values become available and are 
endorsed by EPA
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PFAS in Dust and Air: What We Know
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PFAS in Indoor Air

Indoor air concentrations driven 
by volatile neutral FTOHs

 Stain-repellent consumer 
products [clothing, furniture, 
carpeting, textiles (linens, 
drapes, bedding)]

 Stain-repellent applications to 
clothing, furniture, carpeting

Both volatile and non-volatile 
PFAS settle into carpet and 
household surfaces

24

Source: We're breathing PFAS: URI-led study finds harmful forever chemicals in indoor air – Graduate 
School of Oceanography, 2021
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PFAS Composition in Indoor Air
- predominantly neutral FTOH
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Source: Cloth–Air Partitioning of Neutral Per- and Polyfluoroalkyl 
Substances (PFAS) in North Carolina Homes during the Indoor PFAS 
Assessment (IPA) Campaign (Eichler et al, 2023)

Figure 6-1B. Observed PFAS concentrations in indoor air.
Source: Figure developed using ggplot2 (Wickham 2016)

Source:  September 2023 ITRC PFAS Guidance © TRC Companies, Inc. All rights reserved
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PFAS Composition in Settled Dust
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Figure 6-1C. Observed PFAS concentrations in settled dust.
Source: Figure developed using ggplot2 (Wickham 2016)

Source:  September 2023 ITRC PFAS Guidance
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PFAS Occupational Standards and Studies
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Occupational PFAS Air Standards

 Occupational Safety & Health Administration 
(OSHA)
– No Permissible Exposure Limits (PELs) available 

for PFAS

 National Institute of Occupational Safety & Health 
(NIOSH)

– No Recommended Exposure Limits (RELs) 
available for PFAS

– NIOSH has been conducting research on PFAS, 
including

• Worker exposure / health assessments

• Dermal absorption studies

• Sample & analytical methods

• Toxicity testing in animals

• Firefighter gear testing for PFAS

 American Conference for Governmental 
Industrial Hygienists (ACGIH)

– Air Threshold Limit Values (TLVs) established for 3 
PFAS:

– perfluoroisobutylene (PFIB) Ceiling limit = 0.01 
ppm, 

– perfluorobutyl ethylene 8 hr TWA = 100 ppm, and 

– ammonium perfluorooctanoate (APFO) - a salt of 
PFOA 8 hr TWA = 0.01 mg/m3 (skin*, A3). 

TLVs are not standards; however, they are health-
based guidelines recommendations for safe levels of 
substances in air based on an 8-hour workday and 
40-hour work week. 

* Skin contact potential exposure route
A3 = Confirmed Animal Carcinogen with Unknown    

Relevance to Humans
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Occupational Exposure: 
Some Recent Studies Available

 Focus on workers exposed to 
chemical production, firefighters, 
ski-wax technicians

 Two recent articles

 Looking at serum monitoring

 Looking at air/dust in workplace air 
but not necessarily breathing zone

 Questions to answer: 

– Which specific PFAS do we measure?

– Are there other workplace environments we 
need to look at?

29
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Christensen & Calkins 2023

Worker Exposure Serum Consolidated



Questions?

Laura Trozzolo
Risk-Based Modeling / Risk Assessment Practice Leader
P: (303) 908-2158 | E: LTrozzolo@TRCCompanies.com
www.TRCcompanies.com
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