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Classification Synthetic, not 
naturally occurring

> 12,000 substances

Fluorinated 
aliphatic (carbon 
chain) structure

Interstate Technology & Regulatory Council (ITRC). 2020

PFOS



• Integrated extensively into consumer and industrial 
products and processes since 1950s
• Desirable properties 

• Repel water and oil
• Thermal resistance
• Chemically stable

• “Forever chemicals”
• Highly persistent in environment
• Potentially long half-life in humans
• Identified in water, soil, air, fish and game, and 

other environmental media
• Health effects affecting multiple systems identified 
in toxicological and epidemiological studies

Why are PFAS a 
concern?

Integrated extensively into 
products and processes since 
1950s

Desirable properties 

“Forever chemicals”

Toxicological and epidemiological 
evidence of health effects 
affecting multiple systems



Community Exposure 
and Health

NHANES Blood Levels of Commonly Measured PFAS

Image: Courtesy of ATSDR’s What are the Health Effects of PFAS?

Image: Courtesy of ATSDR’s PFAS in the U.S. Population? Image: Courtesy of EWG's Interactive Map

https://www.atsdr.cdc.gov/pfas/health-effects/index.html
https://www.atsdr.cdc.gov/pfas/health-effects/us-population.html
https://www.ewg.org/interactive-maps/pfas_contamination/map/


Sunderland et al. 2019

Exposure Pathways

*Aqueous film forming foam

*



Federal, state, and local 
government

Standards organizations

AcademiaUnions and impacted parties

• High priority topic

• Challenges resulting from
• PFAS as a class of chemicals
• Different definitions
• Availability of methods

• Voluntary phase out of select PFAS

• Highly litigious

• Legislation increasing

Big Picture





• 2014 - PFOA determined to 
be group 2b in Monograph 
110.

• November 2023 - PFOA and 
PFOS scheduled for 
Monograph 135.

8

WHO International 
Agency for Research 
on Cancer (IARC)



National Academies of 
Sciences Engineering 

and Medicine (NASEM)

Guidance on PFAS Exposure, 
Testing, and Clinical Follow-Up 

Released July 28, 2022



Regulating industry

Background sources

Health assessments

Methods development

Research assessing 
community:

- Drinking water exposure
- Other exposures
- Health

Research into PFAS in
- Firefighter PPE
- Firefighting foams
- Fire response

Methods development

NHANES

State biomonitoring programs
Serum testing of DoD firefighters

PFAS-free firefighting foams
PFAS Bill – recommendations to 
firefighters (FEMA)

In vivo and in vitro 
toxicological studies



Industries

Gluge et al. 2019



Median and Range Concentrations of PFOA in Serum, Plasma, or Whole 
Blood by Population, Region, and Year of Most Recent Test

Christensen and Calkins, 2023



Occupational 
Exposure Limits 
and Guidance

• 3 ACGIH TLVs (all air)
• Perfluoroisobutylene (PFIB)
• Perfluorobutyl ethylene
• Ammonium perfluorooctanoate 

(APFO)—a salt of PFOA

• Limited research noting protective 
practices

• Lacking recommendations for 
personal protective equipment 
(PPE)



Availability of Methods

Analytical Chemistry
•Targeted analyses 

− Semi-volatile (LC-MS)
− Volatile (GC-MS)

•Semi-targeted analyses
•Non-targeted analyses

− Total organic fluorine (TOF)
− Particle-induced gamma-ray emission 

(PIGE)

Matrices
•Readily available

− Water
− Biological (blood/serum)

•Less available
− Air
− Products/bulk materials
− Dust
− Other biological material (urine, milk, 

etc.)
− Other



Routes of Exposure 

ORAL INHALATION DERMAL

Relevant to workers
Majority of 

research



Cousins et al. 2019

Essential Use Principle



Clarifying 
Questions 
and 
Discussion

Limited occupational 
guidance, including 

OELs (3 ACGIH TLVs)

Guidance control mechanisms

Monitoring methods

Challenges in identifying 
specific PFAS 

Broad class of chemicals

Analytical methods

Changes in production over time

Limited research on occupationally relevant exposure 
routes

Considered essential in some settings
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NIOSH Research, Technical Support, and Strategies
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Susan Moore, PhD
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Co-Coordinator, Personal Protective Technology
CDC/NIOSH/NPPTL

Projects Leads
Miriam Calkins, Crystal Forester, Stacey Anderson, Lisa Weatherly, Todd Stueckle, Jen Roberts, 

Cindy Striley, Jess Rinsky, and Jessica Li



Timeline of select events informing the 
state of PFAS research at NIOSH

2012
NIOSH Dermal Absorption

Study Published

1999
NCEH Includes PFAS Blood 

Levels in NHANES

2014
IARC Assigned 2B 

Classification to PFOA

EPA Includes PFAS in
UCMR 3

2013

C8 Science Panel Studies 
Begin
2006

NIOSH OEP Funds Its 
First PFAS Grant

2015

2016
NIOSH HHE on PFAS

NIOSH In vivo Dermal 
Toxicology  Study Starts

2019

2020
NIOSH Exposure & Health 
Study Assessments Start

NIOSH In vitro AFFF Toxicity 
Assessment Starts & NIOSH 

Established Workgroup

NIOSH Turnout Gear 
Study Starts

2021

EPA Publishes Roadmap & NIOSH 
receives more TA & HHE Requests

2022
NIOSH In vivo Dermal & 

Immune Study Starts

NIOSH Incorporates Select PFAS 
Language into Strategic Plan & NASEM 

Publishes Guidance

Strategic Plan for NIOSH PFAS 
Research & Guidance

2023

Foundational to inform future, 
interdisciplinary NIOSH studies

ATSDR revises their Clinical 
Guidance informed by ongoing 

ATSDR Tox Profiles

https://www.tandfonline.com/doi/epdf/10.1080/15287394.2011.615108?needAccess=true&role=button
https://www.cdc.gov/nceh/dls/oatb_capacity_14.html
https://monographs.iarc.who.int/wp-content/uploads/2018/06/mono110-01.pdf
https://www.epa.gov/dwucmr/third-unregulated-contaminant-monitoring-rule
http://www.c8sciencepanel.org/index.html
https://reporter.nih.gov/project-details/8976473
https://www.ffccs.org/overview
https://www.epa.gov/pfas/pfas-strategic-roadmap-epas-commitments-action-2021-2024
https://www.cdc.gov/niosh/about/strategicplan/pdf/NIOSH-Strategic-Plan_V6_Oct-2022.pdf
https://nap.nationalacademies.org/catalog/26156/guidance-on-pfas-exposure-testing-and-clinical-follow-up
https://www.atsdr.cdc.gov/pfas/docs/clinical-guidance-12-20-2019.pdf
https://wwwn.cdc.gov/TSP/ToxProfiles/ToxProfiles.aspx?id=1117&tid=237


Exposure Assessments and Epidemiology
Occupational Exposure and Health Indicator Assessment of PFAS: A Feasibility 
Study
Industries with moderate to high potential for worker exposure
Biomonitoring, industrial hygiene measures, and survey materials

Fire Fighter Cancer Cohort Study (FFCCS) – Exposure and Epigenetic Markers
30-year, multi-center prospective study – carcinogenic effects and cancer prevention 
Firefighter sub-groups and conducting assessments of fire dept practices
Exposure routes and epigenetic changes

20

Project Lead: Miriam Calkins



Occupational Exposure and Health Indicator Assessment 
of PFAS: A Feasibility Study Ongoing

Serum
- Targeted panel of 10 

PFAS
- 2 samples

Drinking water and bulk 
products

- One sample per site
- Lab analysis

Survey
- Demographics
- Work history
- Exposure factors

Air samples
- Personal breathing 

zone and area
- Lab analysis
- Targeted panel of 

40+ PFAS

Urine
- Pre and post shift
- Lab analysis
- Targeted expanded 

PFAS panel

− Cross-sectional study; manufacturing and services sectors
− Targeting 150 participants and 10 worksites – currently in recruitment phase  reach out to Miriam Calkins for more 

information on how to be involved

Personal measurements: two biological matrices, breathing zone samples, employment history
Worksite measurements: drinking water and area air



Fire Fighter Cancer Cohort Study (FFCCS)
Ongoing

Example of information provided in publications
Serum levels from different fire departments similar to NHANES with 

some departments having higher levels than others



Personal Protective Equipment: Dermal exposures and materials 
testing Ongoing

Part of FFCCS – Dermal exposure to PFAS
New garments worn by firefighters during physical activities (excluding live burn exercise)

Serum (pre and post), urine (daily), silicone wristbands (during activity) 

Evaluation of Firefighter Textiles for PFAS
New textiles laundered
PFAS concentration on each layer determined

23

Project Lead: Crystal Forester

Project Lead: Miriam Calkins



Figure Credit: Peaslee et al. (2020)

Acute PFAS toxicity of firefighter turnout gear



Evaluation of firefighter textiles for PFAS
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Toxicology Ongoing

Toxicology Following Dermal Exposure to PFAS – animal study
4 Carboxylate and 4 sulfonate PFAS
Serum, urine, organ weight, histology, gene expression, skin integrity, immune 
phenotyping

Acute Toxicity of Firefighting Foams – in vitro study
Aqueous Film Forming Foam, AFFF (n=5) 
Synthetic Fluorine-Free Foam, SFFF (n=6)
Cell viability, live cell counts, mitochondrial membrane potential,                 
intracellular reactive oxygen species, gene expression via RNAseq
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Toxicology following dermal exposure shows that some PFAS:

27

Are dermally absorbed (long- and short-chain)

Alter organs (weight, histology, phenotyping, and gene 
expression)

Disrupt skin (fibrosis, mild/moderate inflammation, and cell 
death) 

Produce liver toxicities that are not associated with carbon 
chain length (sulfonic acid PFAS shows opposite association)



Acute toxicity of firefighting foams – in vitro study

28

Exposures to AFFF (a PFAS mixture) had substantially greater acute toxicity than single PFAS exposures but 
lower acute toxicity than SFFF (PFAS-free alternative)

CAVEAT 1: PFAS is only one type of surfactant in AFFF – the other surfactants and solvents may be responsible 
for the higher acute toxicity (being explored by ongoing work)

CAVEAT 2: Dosages tested were above recorded serum levels in firefighters (ongoing work is reducing dosage to 
sub-toxic levels)
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Methods Development Ongoing

Air Sampling and Biological Monitoring to 
support other/future studies
Air sampling: develop standardized method; differentiate 
PFAS forms; 12 targeted PFAS analytes
Biological monitoring (animal study): support toxicology 
studies; high and low PFAS concentrations

29

Air sampling (custom OVS-2 sampler) & analysis (LC/MS/MS)

SKC, Inc. 

Biological monitoring: liquid extraction from mouse serum 

Project Leads: Jen Roberts and Cynthia Striley



Technical Assistance and Health Hazard Evaluations Ongoing

Requests for Technical Assistance
ATSDR –recommendations to improve training materials 
for public safety staff (mainly firefighters) in Pennsylvania

EPA –possible PFAS exposure during field inspections 

Requests for Health Hazard Evaluations
2016 – acute firefighter exposure to AFFF (no PFAS-specific 
monitoring)

New (n=2) – airport and aerospace occupational settings

30

Project Leads: Jess Rinsky and Jessica Li

Project Leads: Jess Rinsky and Jessica Li



NIOSH-funded extramural outputs since 2015

Colorado Ag Center at CSU (U54OH008085-17) 

Michigan ERC (T42OH008455-18) 

Currently funded extramural projects

1U01OH012472-01 (funded FY22)

5U01OH011299-04 (wrapping up, COVID-19 delay)

Monitoring Technology

Exposure
WTC Populations



NIOSH Priorities

32



“We ask the federal government to establish a comprehensive 
firefighter strategy that invests in research, provides access to cancer 

screening for all firefighters, and reduces and ultimately eliminates 
PFAS exposure.”

Management groups, labor organizations, and 
consensus standard bodies use NIOSH 
information to prevent exposures to known or 
suspected carcinogens among public safety 
workers

Updated “Need” to include, “Research assessing 
newer, emerging, and unstudied sources of PFAS 
exposure are needed to address gaps in exposure 
assessment, toxicology, and worker protection 
for the fire service.”

Consensus standard bodies, labor organizations, 
and management groups use NIOSH information 
to reduce risk factors to cardiovascular disease 
among public safety workers.

Requested to add content about PFAS link to 
CVD

Employers, workers, professional associations, 
policy-makers, researchers, and consensus 
standard organizations use NIOSH information to 
prevent transmission of infectious disease among 
public safety workers 

Requested to add content about PFAS link to 
immune suppression

Employers, workers and their 
representatives, researchers, safety 
and health professionals, and 
authoritative bodies use NIOSH 
information to prevent 
− exposures to known or 

suspected carcinogens among 
manufacturing workers 

− adverse reproductive outcomes 
among manufacturing workers Challenge: insufficient burden data 

to explicitly name PFAS
*lack of data ≠ lack of an issue*

Employers, policy-makers, trade associations, 
and manufacturers use NIOSH information to 
prevent immune and dermal diseases among 
manufacturing
Program leaders planning to request PFAS be 
added as example exposure leading to immune 
suppressive disorders (extramural research)

Changes on hold 
pending NIOSH PFAS 

Research Agenda

Changes on hold 
pending NIOSH PFAS 

Research Agenda

Changes adopted



In January 2023, 
NIOSH initiated an 

effort to develop PFAS 
Research Agenda to 
focus future NIOSH 

investments



For more information, contact CDC
1-800-CDC-INFO (232-4636)
TTY:  1-888-232-6348    www.cdc.gov

The findings and conclusions in this report are those of the authors and do not necessarily represent the 
official position of the National Institute for Occupational Safety and Health Centers for Disease Control 
and Prevention.

For more information, contact

Miriam Calkins, PhD, MS
NIOSH PFAS Workgroup Chair

MCalkins@cdc.gov

Susan M. Moore, PhD
NIOSH PFAS Workgroup Co-Chair

SMMoore@cdc.gov

mailto:mcalkins@cdc.gov
mailto:SMMoore@cdc.gov


Questions to the BSC

With PFAS being incrementally phased out, what are the key areas of 
impact that can be addressed with high-quality research?

What unintended worker health or safety consequences may be created as 
PFAS are phased out?

What else should we consider to assist employers and protect workers 
against exposure to PFAS?
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