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The PFOMS Project

Firefighters have unique potential for occupational exposure to
per- and polyfluoroalkyl substances (PFAS), whether through use
of firefighting foam or exposure to other potential PFAS sources,
such as waterproof turnout gear or station dust. Therefore, the
Michigan Department of Health and Human Services (MDHHS)
started the PFAS in Firefighters of Michigan Surveillance (PFOMS)
project. The project aimed to determine how much PFAS was in
the blood of Michigan firefighters to help inform decisions about
how to minimize firefighters’ exposure to PFAS. This will benefit
all firefighters in Michigan — not just those who participated. The
PFOMS project is one of the first surveillance projects on PFAS
conducted among municipal and airport firefighters in Michigan
and is the first to measure 39 PFAS.

Key Information:

e The data presented here was collected
between April 2021 and September 2023.

¢ The word “concentration” is used in this report
to describe how much PFAS was measured in
serum and water. Serum is the fluid left over
after blood cells are removed from a
blood sample.

e For a more comprehensive overview of
methods and findings, please refer to the
PFOMS report. This report can be found at
Michigan.gov/DEHBIo.

This brief gives an overview of the methods used in the PFOMS
project and shows how often and at what concentration 39
types of PFAS were found among Michigan firefighters. This

brief will also show how these concentrations among Michigan
firefighters compare to the U.S. population with data provided by
the National Health and Nutrition Examination Survey (NHANES),

where possible.

Highlights

PFOA and
PFOS

were detected in the
blood of all Michigan
firefighters.

10 PFAS

were detected in more
than 95% of Michigan
firefighters.

PFHpS, PFHpA,
PFDA, MeFOSAA,
PFNA, PFUnA,
PFBS, and PFDoA

were detected more
often in Michigan

firefighters than the
U.S. population.

&

The PFOMS project
generated average
concentrations of 13
PFAS that were detected
in more than 60% of
Michigan firefighters.

PFOA, PFHpS,
PFDA, PFUNA,
and MeFOSAA

average concentrations in
blood were significantly
lower in Michigan
firefighters compared to
the U.S. population.

=
Es

On average,
Michigan firefighters
had lower blood PFAS
concentrations than

reported by other
firefighter studies across
the U.S. and globally.

Airport firefighters had
significantly higher blood
concentrations of almost
all PFAS than non-airport

firefighters. This means

exposures are likely
different between
the two groups.

PFAS was rarely detected
in fire station drinking
water. Fire station
drinking water is not a
significant source of PFAS
exposure for PFOMS
participants.



https://www.michigan.gov/mdhhs/-/media/Project/Websites/mdhhs/Safety-and-Injury-Prevention/Environmental-Health/DEHBio/Documents/PFOMS_Report.pdf
http://Michigan.gov/DEHBio

What are possible ways that firefighters are exposed
to PFAS?

Turnout gear or personal
protective equipment (PPE).

PFAS-containing
firefighting foam.

PFAS-contaminated drinking
water at workplace.

Fire station dust.

Stain and water-resistant
products.

Food packaging.

Carpet and other
textiles.

PFAS-contaminated
drinking water at home.

What was the PFOMS process?

A representative sample of fire
departments from across Michigan
was invited to participate in PFOMS.

Current Michigan firefighters 18
years or older who work at the
selected departments were eligible
to participate.

Participants provided a blood
sample which was analyzed for
39 PFAS.

Participants also completed a survey
about their job history, things they
did while they were working as a
firefighter and things that could have
exposed them to PFAS.

Drinking water samples were
collected from each fire station and
tested for the same 39 PFAS that
were tested for in participant blood

samples.



See pages 15-17 of the PFOMS report for more details.

What are the demographics of PFOMS participants?

1,023 firefighters from 64 fire departments participated in the

PFOMS project.
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<AGE 44 o 7years the average age.

@? 9 1 ® 7% reported being male.

000
AN

86 o 5% reported being white.

s 55 6% reported being full-time

employees.

from non-airport fire
departments.

paid fire department
1 83.8%

How do Michigan firefighters compare to the U.S.

population?

For example:

pros | 100%

99.6%

Like most people in the U.S., all Michigan firefighters had PFAS in their blood.

Understanding the information on the next page

The next page shows the percentage of Michigan firefighters that had each of the 39 PFAS in their blood. The
name of each PFAS is listed to the left of the bars. Among the U.S. population, the Centers for Disease Control
and Prevention (CDC) monitors 21 of the 39 PFAS measured in PFOMS using NHANES. For the 21 PFAS tested
in both the U.S. population and PFOMS, the next page will show how Michigan firefighters compare to the U.S.
population. The NHANES values are used as a comparison throughout this report.

- Michigan firefighters

U.S. population

100% of Michigan firefighters had detectable
amounts of PFOS in their blood.

99.6% of the U.S. population had detectable amounts
of PFOS in their blood.

Continued on next page.




See pages 18-23 of the PFOMS report for more details.

Percentage of Michigan firefighters with detectable amounts of
PFAS in their blood compared to the U.S. population

- Michigan firefighters U.S. population
pros [N 100% PrunA [N 80.4%  9cI-PF30NS >-8%
NA 69.1% 13.7%
5:3 FTCA 5.5%
L-PFos [ 100% PFecHs [N 73.4% . NA ’
99.6% NA
8:2FTS | 4.0%
Br-PFOS [ 100% PrHpA R 54.4% NA
99.0% 10.9% Br-PFHxS 3.7%
rroA [ 100% rreA I 34.4% NA
NA NA NFDHA | 3.0%
NA
- 100% .69
-proa [ 100% prres I 30.6% 73 FTCA| 2.6%
99.6% NA NA
PENA [ so.5% Br-PFOA [l 14.5% PFHYA | 1.2%
92.6% | 9.3% 0.5%
prHxs [ 99.3% Pres [ 11.4% PFEESA | 1.0%
NA
99.2% 0.8%
PFOSA | 1.0%
L-prHxs [N 993% PFDoA [ 10.6% 0.8%
NA 2.6% PFTeA 0.7%
PFHpS [ 97.9% PFTriA [ 9.5% NA
80.1% NA ADONA <0.6%
0.0%
prDA I 97.0% EtFOSAA [ 6.8% HEPO-DA ’
89.4% 5.7% ) 0.0%
0.1%
MerosAA [N 81.2% PFDS | 6.3% Other PFAS <0.6%
58.8% NA NA
Notes:
e U.S. population (age 20 years or older) is estimated ¢ Bold and Italicized PFAS were measured in two
from NHANES data collected in 2017-2018, or the different forms, or shapes: linear (L-) and branched
most recent year available. (Br-). For these three PFAS (PFOS, PFOA and PFHxS),

we can measure the amount of each of these two

* NA means not available and is used when PFAS forms, plus their total.

were not tested, or the percentage calculation is not
available. ¢ The abbreviations found on this page are defined

" . on page 17 of this report.
* <means “less than.

m Continued on next page.




Key Findings

« All Michigan firefighters had detectable ¢ Not all PFAS tested for were found in the blood of
concentrations of PFOA and PFOS in their blood. Michigan firefighters. Less than 1% of Michigan
Over 99% of the U.S. population sample also have firefighters had a detectable amount of PFTeA,
detectable concentrations of PFOA and PFOS in ADONA or GenX (HFPO-DA), for example.
their blood.

¢ Some PFAS that were found in the U.S.

e PFHXS, PFNA, PFHpS, and PFDA were found in more ~ Population, including PFHpS, PFDA, PFUnA, PENA,
than 95% of Michigan firefighters and are frequently PFHPA, PFBS, MeFOSAA and PFDoA, were found
detected in the U.S. population. more often in Michigan firefighters.

Understanding pages 8 and 9

The following page compares the average and 95th percentile

> o A geometric mean or average can
blood concentrations of PFOMS and NHANES participants.

be used to compare the blood
concentrations in one group
(PFOMS participants representing
For examp|e: Michigan firefighters) to another
group (NHANES participants,
representing the U.S. population).

Michigan firefighters Michigan firefighters
average 95th percentile
The 95th percentile value is the
blood concentration that 95% of
PEOS 4.85 13.98 participants fell below.
4.50 15.10
0 2/‘ 4 6 8 10 12 14 ] NHANES is a representative sample
of people across the U.S. aged 20
U.S. population U.S. population years or older who received blood
average 95th percentile PFAS testing. These data are used

to compare Michigan firefighters to

Results are reported in micrograms per liter of blood (ug/L). other people in the U.S.

Additional Notes:

e Comparing the results of Michigan firefighters to the U.S. population can help put into perspective the
impact that PFAS exposure has had on the blood PFAS concentrations of Michigan firefighters.

e Comparing results to NHANES does not tell us what health problems individual PFOMS participants may be
at risk for based on their blood PFAS concentrations. Evaluating the association between PFAS exposure and
health outcomes was beyond the scope of the PFOMS project.

¢ Average concentrations were calculated only for those PFAS that were detected in more than 60% of
Michigan firefighters.

Continued on next page.




See pages 19-23 of the PFOMS report for more details.

Average and 95th percentile blood concentrations of PFAS in
Michigan firefighters compared to the U.S. population

Figure Legend

. Michigan firefighters average NC Average not calculated if PFAS was

. o e
Michigan firefighters 95th percentile found in less than 60% of firefighters

*Analytes with an L- prefix are linear isomers and

NHANES participants average analytes with a Br- prefix are branched isomers.

NHANES participants 95th percentile

pros 1485 13.98 Br-PFHxS* NC 0.003
4.50 15.10 Not Measured in NHANES
0 2 4 6 8 10 12 14 16 0 0.0005 0.001 0.0015 0.002 0.0025 0.003 0.0035
L-pros* [2Igal 8.40 PENA 035 1.03
3.11 11.00 0.42 1.40
0 2 4 6 8 10 12 0 0.2 0.4 0.6 0.8 1 1.2 14 1.6
Br-pros* N3 6.52 PFHPS (017 0.43
1.31 4.60 0.23 1.00
0 1 2 3 4 5 6 7 0 0.2 0.4 0.6 0.8 1 1.2
PFOA [[0.87 1.90 PFDA [9:11 0.35
1.45 3.87 0.20 0.60
0 1 2 3 4 5 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
.05
L-PFOA* [i0ig5]  1.87 PFUNA 0.19
1.36 3.80 0.13 0.40
0 0.5 1 1.5 2 25 3 35 4 0 0.1 0.2 0.3 0.4 05
Br-PFOA* NC 0.16 PFecHs [1110:04] 0.15
NC 0.20 Not Measured in NHANES
0 0.05 0.1 0.15 0.2 0.25 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16
PrHxs [IEGZ] 3.47 MeFOSAA 9,06 0.43
1.11 3.80 0.13 0.60
0 0.5 1 15 2 25 3 35 4 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
L-PFHxs* 02 3.47 PFHpA NC 0.09
Not Measured in NHANES NC 0.10
0 05 1 15 2 25 3 35 4 0 0.02 0.04 0.06 0.08 0.1 0.12
Micrograms per Liter (ug/L) Micrograms per Liter (ug/L)




See pages 19-23 of the PFOMS report for more details.

Compared to the PFAS blood concentrations found in the U.S.
population, Michigan firefighters had:

higher
than U.S. lower than U.S. average
average
L-PFOS proA ¥ proa ¥
PFOS
PFNA PFHxS PFHpS w
*
AR prDA ¥ PFURA ¥ MeFOSAA

* Airport and non-airport firefighters have average results that differ in a meaningful way.

Key Findings

e The PFOMS project generated reliable * The concentrations at the 95th percentile

estimates for 13 types of PFAS that were
detected in the blood of more than 60% of
Michigan firefighters, as shown above.

PFAS that are known to be in PFAS-containing
foam, such as PFOS and PFHxS, were found in
more than 95% of Michigan firefighters but
were found at lower or similar concentrations
than the U.S. population.

Average blood concentrations of PFOA,
PFHpS, PFDA, PFUnA, and MeFOSAA were
significantly lower for Michigan firefighters
compared to U.S. population.

among Michigan firefighters were lower than
those reported in NHANES for most PFAS
except the branched isomer of PFOS.

Michigan firefighters had similar average
blood concentrations for all other PFAS than
the U.S. population.



See pages 45-47 of the PFOMS report for more details.

How do average blood PFAS concentrations in

Michigan firefighters compare to other studies
of PFAS in firefighters?

PFOMS and the other studies.

Comparing PFOMS results to results from other firefighting studies shows how PFAS levels among
Michigan firefighters compare to other firefighters in the U.S. and globally. These firefighter studies differ
in terms of the types of firefighters that participated, where the firefighters worked, what year the study
was conducted, and other factors. These factors can explain some of the differences we see between
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Figure Legend

e Burgess et al. (2022) -
¢ Burgess et al. (2022) -
® Burgess et al. (2022) -
e Burgess et al. (2022) -

Fire Dept. A 9
Fire Dept. B e
Fire Dept. C 0
Fire Dept. D e

Goodrich et al. (2021) @
Graber et al. (2021) 0
Trowbridge et al. (2020) 9
Dobraca et al. (2015) 9
Jinetal. (2011) @

% Airport and non-airport
firefighters have average
results that differ in a
meaningful way.

This study measured PFAS
in firefighters from four
separate fire departments.

e On average, Michigan firefighters had lower average blood concentrations for reported PFAS than
firefighters in other firefighter studies across the U.S. and globally.

e These results suggest that Michigan firefighters typically had lower PFAS exposure compared to

firefighters from other studies.




See pages 30-31 of the PFOMS report for more details.

How do average blood PFAS concentrations in firefighters
who work at airport fire departments compare to those
who work at non-airport fire departments?

Compared to the PFAS blood concentrations found in
the non-airport firefighters, airport firefighters had:

higher than non-airport

lower than
non-airport
average

daverage
pros ¥ Br-pFOs ¥ Lpros ¥
MeFOSAA
proa ¥ Lproa ¥ PRHXS
L-PFHxs * PFNA PFHps ¥
PFDA PFURA PFecHS

* Airport and non-airport firefighters have average results that differ in a meaningful way.

Key Findings

e On average, airport firefighters had higher average blood concentrations for most PFAS than non-
airport firefighters.

e Average concentrations of MeFOSAA were higher in non-airport firefighters. This suggests there is
a source of exposure that is more common in non-airport firefighters.

See the section titled “Sampling Frame and Project Design” on page 10 of the PFOMS report for
definitions of airport and non-airport firefighters.




See pages 32-33 of the PFOMS report for more details.

How do average blood PFAS concentrations in firefighters who
work at urban fire departments compare to those who work
at non-urban fire departments?

Compared to the PFAS blood concentrations found in
the non-urban firefighters, urban firefighters had:

higher than non- lower than non-
urban average

urban average

PFOS Br-PFOS *

L-PFOS PENA
PFOA * L-proA ¥

PFHpS PFDA
PFHxS L-PFHxS

PFUNA MeFosAA ¥
PFecHS

* Urban and non-urban firefighters have average results that differ in a meaningful way.

Key Findings

e Firefighters who work at urban departments had higher average concentrations of some PFAS
like PFOS, PFOA, PFHxS and PFecHS, and lower average concentrations of others like PFNA,
PFHpS, PFDA, PFUnA and MeFOSAA, compared to firefighters at non-urban departments.

e These results suggest potential differences in PFAS exposure patterns between urban and non-
urban firefighters, warranting further investigation into contributing factors.

See the section titled “Sampling Frame and Project Design” on pages 10-11 of the report for
definition of urban and non-urban firefighters.




See pages 36-44 of the PFOMS report for more details.

What are some additional findings from the PFOMS
report?

Significantly higher average
concentrations of PFAS such
as PFOS, PFOA, PFHxS, PFNA
and PFHpS were observed in
male firefighters compared to
females. Q

AGE

Firefighters over 60 years old
had significantly higher blood
concentrations of PFHpS, PFDA,
PFUNA and MeFOSAA compared
to firefighters 18-39 years old.

Firefighters with college
education or higher

had significantly higher
concentrations of PFOA
compared to firefighters with
a high school graduate or
equivalent (GED) or lower. Q

000
AN
Firefighters belonging to non-
white single race groups,

BIPOC*, and Hispanic
ethnicities showed higher

average blood concentrations
for certain PFAS. Q

=M

Average levels of PFAS commonly
found in PFAS-containing foam
were similar between firefighters
from departments that currently
use or store PFAS-containing
foam or did in the past compared
to firefighters from departments
that did not.

$

Firefighters with higher income
levels (5100,000 or more) had
significantly higher average
blood concentrations of PFHxS
and significantly lower for
MeFOSAA compared to the
lowest income level (less than
$20,000). Q

*BIPOC: Black, Asian, American Indian/Alaskan Native or Native Hawaiian/Pacific Islander.
Q These analyses were limited by small sample sizes, resulting in less precise estimates.




See page 48 of the PFOMS report for more details.

Were PFAS detected in fire station drinking water?

Little to no PFAS were detected in fire station drinking water.

19 (8%) samples
with PFAS detections

|
238 water samples

3 (1.3%) samples with
concentrations higher

than the MDHHS
Comparison Values**

** View the Overview of Michigan's Screening Values & MCLs for PFAS factsheet for more information
on the MDHHS Comparison Values.

Key Findings
e Only 19 (8%) of the 238 water samples that were collected from fire stations had detectable

concentrations of PFAS.

¢ Inthe 8% of samples where PFAS was detected, concentrations were almost always below MDHHS
Comparison Values.**

¢ |n cases where PFAS concentrations were higher than MDHHS Comparison Values**, the PFAS was due to
some source associated with the faucet or spigot that was sampled, not the public water system supplying
the station.

e These results indicate that fire station drinking water is not a significant source of PFAS exposure for
PFOMS participants.



https://www.michigan.gov/-/media/Project/Websites/mdhhs/Folder4/Folder25/Folder3/Folder125/Folder2/Folder225/Folder1/Folder325/PFAS_-_Overview_of_Michigan_Values_FINAL.pdf?

See pages 53-54 of the PFOMS report for more details.

What do these results mean for Michigan firefighters?

The findings of the PFOMS project show that Michigan
firefighters have been exposed to PFAS, whether through
PFAS-containing foam, station dust, turnout gear or other
non-occupational sources such as residential drinking water,
dietary sources and consumer products. These results

have allowed the PFOMS project to establish reference
concentrations for PFAS in Michigan firefighters for the
2021-2023 data collection period. This may be useful for
evaluating efforts to reduce PFAS exposure in firefighters or
for comparison of individual results in the future.

What are the recommendations for Michigan fire
departments and firefighters?

e In order to reduce firefighters' exposure to PFAS and ensure responsible use of PFAS-containing foam,
it is important for fire departments to follow federal and state recommendations and report the use of
PFAS-containing foam.

o Firefighters should follow all applicable fire department
guidelines for use of personal protective equipment,
decontamination after fire responses and routine cleaning of
gear.

* When possible, stop or decrease use of consumer products
that contain PFAS, such as stain-resistant products and food
packaging materials.

e Pay attention to advisories about food consumption regarding
PFAS, such as local fish advisories.

e Firefighters with concerns about how PFAS detected in their blood could affect their health should
share their individual PFAS results with their health care provider and make them aware of the ATSDR
resources for clinicians. They will help you determine whether any personalized medical action may be
needed.



https://pfas-1.itrcweb.org/3-firefighting-foams/

https://www.michigan.gov/pfasresponse/investigations/firefighting-foam
https://www.michigan.gov/pfasresponse/-/media/Project/Websites/PFAS-Response/Workgroups/Fire-Stations/AFFF-Best-Management-Practices.pdf?rev=4eccff380ff147e9bdee27ea9cbce596
https://www.michigan.gov/pfasresponse/-/media/Project/Websites/PFAS-Response/Workgroups/Fire-Stations/AFFF-Best-Management-Practices.pdf?rev=4eccff380ff147e9bdee27ea9cbce596
https://www.atsdr.cdc.gov/pfas/hcp/resources/?CDC_AAref_Val=https://www.atsdr.cdc.gov/pfas/resources/info-for-health-professionals.html
https://www.atsdr.cdc.gov/pfas/hcp/resources/?CDC_AAref_Val=https://www.atsdr.cdc.gov/pfas/resources/info-for-health-professionals.html

See page 52 of the PFOMS report for more details.

What are the limitations of the findings in the
PFOMS report?

Limitations of the findings in this report can impact results

and how they are interpreted. Within the PFOMS report,
certain analyses were limited by small sample sizes, resulting

in less precise estimates. Additionally, there is a potential

for volunteer bias, as firefighters from fire departments with
known PFAS exposure may have participated at higher rates.
This could potentially skew the representation of PFAS exposure
concentrations.

When comparing the average blood concentrations of Michigan
firefighters to the U.S. population, there are several factors to
consider:

e Characteristics of PFOMS participants differ significantly from that of the U.S. population. For
example, 91.7% of PFOMS participants were male vs 50.1% in the U.S. population.

e Due to the decline in blood PFAS concentrations observed over time among the U.S. population,
all comparisons in this report were based on the most recent NHANES data available at the time
of analysis, which ranged from 2011 to 2018.

* In comparing how frequently PFAS was found between PFOMS and NHANES, it is important to
note that PFOMS used a PFAS test method with lower reporting limits than NHANES, and this
could account for some of the differences in detection frequencies that were observed.

Future reports will need to provide detailed insights into self-reported occupational and non-
occupational factors in various subgroups. These factors may influence PFAS exposure and elimination in
the future which may alter the above findings.

What are the next steps for the PFOMS project?

MDHHS will continue to analyze the data collected as part
of the PFOMS project to explore specific occupational

and non-occupational activities and behaviors that may
contribute to PFAS exposure differences between different
\ firefighter groups, such as airport and non-airport

} "'\i"{"" AT I ‘: personm.el. These re.sult.s are expected to be submitted for
Sl , f \ | v peer-reviewed publications.

State regulatory agencies are encouraged to consider the
PFOMS findings about PFAS concentrations in blood of
Michigan firefighters for policy development.
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The project team thanks the Michigan fire departments and firefighters
who generously shared their time, information and blood samples
for the PFOMS project. The summaries shared in this report and the
knowledge gained about PFAS exposure would not be possible without
the generosity of the participants, support of our community partners,
dedication of the project staff and funding from the CDC and State of
Michigan.

This report was developed by the MDHHS Environmental Health Bureau (EHB)
and released in May 2026.

This brief is a summary of the findings detailed in the PFOMS report, which
describes all calculations and summaries presented here, in more detail. You
can access the PFOMS report at the PFOMS website (Michigan.gov/DEHBI0).

Learn more about PFOMS by going to Michigan.gov/DEHBIo,
calling 844-464-7327 or emailing MDHHS-PFOMS@ Michigan.gov.



https://www.michigan.gov/mdhhs/-/media/Project/Websites/mdhhs/Safety-and-Injury-Prevention/Environmental-Health/DEHBio/Documents/PFOMS_Report.pdf
http://Michigan.gov/DEHBio
http://Michigan.gov/DEHBio
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