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Background

The Michigan Department of Health and Human Services’s (MDHHS) Michigan Fish
Consumption Advisory Program (MFCAP) issues fish consumption guidelines, which
are public health advisories. This is done under the authority of the Michigan Public
Health Code (Act 368 of 1978). Fish consumption guidelines rely upon fish consumption
screening values (FCSVs), which are calculated using several variables, including the
reference dose (RfD) and relative source contribution (RSC). These variables are
combined with others such as exposure duration and frequency. The FCSVs are
concentrations of a contaminant in fish tissue below which there should be negligible
risk of toxicity at a consumption rate intended to be protective of most recreational
anglers. The process by which Michigan FCSVs are developed is described in the
Michigan Fish Consumption Advisory Program Guidance Document (2016) and follows
the U.S. Environmental Protection Agency’s (EPA) Guidance for Assessing Chemical
Contaminant Data for Use in Fish Advisories (EPA 1996; EPA 2000a; EPA 2000b). The
purpose of this document is to provide the justification for an updated toxicity value and
new RSC for the calculation of a new set of PFOS FCSVs for providing public health
protective consumption advice about fish caught in Michigan waters.

Results from modeling in the Drinking Water PFAS Concentrations and Exposure
Factors Influencing Measured and Predicted Serum PFAS Concentrations: Report 2 of
the North Kent County Exposure Assessment (NKCEA, 2024) showed a statistically
significant relationship between greater frequency of fish consumption and higher serum
PFOS levels; e.g., compared to people who never eat fish, those who eat fish a few
times per year or less had 18% higher serum PFOS levels on average. Positive
associations between consumption of fish and serum PFOS concentrations have also
been found in other US populations, including:

e a Wisconsin statewide representative population (Pomazal et al. 2024);

o licensed anglers and a Burmese population in New York (Liu et al. 2022); and,

« international populations (Yamaguchi et al 2013, Fabelova et al. 2023).

These data indicate that fish consumption contributes to serum concentrations of PFOS.
Updating the MDHHS Eat Safe Fish consumption guides with the toxicity value and
RSC described here may contribute to lowered blood concentrations of PFOS in real
world settings.

Toxicity Value Selection Process and Use

In 2014, MFCAP established FCSVs for PFOS using an interim RfD of 14
nanogram/kilogram-day (ng/kg-day) as the suitable toxicity value. That RfD was derived
from toxicity data that showed disruptions to the thyroid and cardiovascular systems.
The Technical Support Document for Assessment of Perfluorinated Chemicals and
Selection of a Perfluorooctane Sulfonate (PFOS) Reference Dose as the basis for
Michigan Fish Consumption Screening Values (FCSVs) (MDCH 2014) and the Michigan



Fish Consumption Advisory Program: Guidance Document (MFCAP, 2016) describe
this approach in detail. Since 2014, federal agencies including EPA and the Agency for
Toxic Substances and Disease Registry (ATSDR), as well as other groups, including
the Michigan Science Advisory Workgroup, have released new or updated toxicity
values for PFOS. Among other health effects, the potential for PFOS to have
immunotoxicological effects has gained support in recent years and is reflected in some
of the most recent toxicity values available for PFOS. The following toxicity values are
among those that have been released! since MFCAP established FCSVs for PFOS in
2014:
e Michigan Science Advisory Workgroup (SOM, 2019): 2.89 ng/kg-day, based
on immunological endpoints (plaque forming cell response).
e ATSDR (2021): 2 ng/kg-day, based on developmental endpoints (delayed eye
opening/decreased pup body weight).
e EPA (2024a): 0.1 ng/kg-day, based on developmental and cardiovascular
endpoints (decreased birthweight/increased total cholesterol).

o The EPA (2022) released a provisional/interim toxicity value for PFOS
based upon immunological endpoints which was superseded by the
final (2024a) toxicity value, which did not rely upon immunological
endpoints.

Carcinogenicity

For chemicals identified by the U.S. EPA as mutagenic, MFCAP would calculate FCSVs
for cancer and non-cancer endpoints and use the ones that are most protective of public
health. The EPA (2024a) released a cancer slope factor (CSF) for PFOS (39.5
(milligrams/kilogram-day)*); however, they concluded there was a lack of information to
support a mutagenic mechanism of action for PFOS, and MFCAP concludes there is
otherwise no clear evidence yet for the mutagenicity of PFOS (or any other PFAS).

Justification for the Selected Toxicity Value

Since 2014, the toxicological and epidemiological literature on PFOS has expanded
considerably. As a result of additional available toxicity information, the above
referenced toxicity values for PFOS have been published by other public health
agencies/workgroups. Based on this evolved scientific landscape, MFCAP revaluated
its current PFOS toxicity value. Upon review of the recent literature (see Appendix
Tables A-1) and evaluation of the available published toxicity values, MFCAP concludes
that using the Michigan Science Advisory Workgroup’s toxicity value of 2.89 ng/kg-day
for PFOS to update the current FCSVs would be protective of human health.

1 This is not a comprehensive list of all toxicity values released since 2014.



This toxicity value was selected because it:

e Is derived from a widely evaluated study (Dong et al., 2009), which has the
following strengths:

e Dong et al. (2009) uses immunological endpoints. Some studies have
shown that immunological effects may be the most sensitive endpoint for
PFOS toxicity, although others have pointed to developmental effects.
Both human epidemiological and laboratory animal studies have reported
immunological effects of PFOS at concentrations lower than those
associated with other health effects. Most consistent though, is the finding
that several health outcomes, including immunotoxicity and developmental
perturbations, may occur at similar and overlapping dose ranges. EPA
(2024a) concluded that the noncancer health outcomes with the strongest
evidence are hepatic, immune, cardiovascular and developmental.

e Dong et al. (2009) reports results using an animal model. Relying upon an
animal model does not negate findings associated with epidemiological
studies but does reflect that the human experience is uncontrolled and
imperfectly documented. Animal studies are controlled, with precisely
measured exposures (SOM, 2009; ATSDR, 2021).

e Aligns closely with all other recently published final toxicity values
available from ATSDR (2021) and EPA (2024a). The selected toxicity value is
consistent (i.e., approximately within an order of magnitude) with those selected
for use by all other relevant agencies and in other media (e.g., ATSDR, 2021;
EPA, 2024a). In addition to alignment with actual, derived toxicity values, the
health endpoints themselves, on which the toxicity values are based, also
overlap.

« Note also that all other candidate RfDs derived by the EPA from
epidemiologic studies were within one order of magnitude of each other,
regardless of endpoint, health outcome, or study population (EPA,
20244a).

The update of the PFOS toxicity value to 2.89 ng/kg-day reflects the evolution
downward in toxicity values that has occurred since 2014, both nationally and globally.
This downward trajectory has been based on replicated findings from the toxicological
literature that show health effects of PFOS exposure occur at lower concentrations than
those previously known.

EPA’s (2024a) toxicity value is lower than ATSDR’s (2021) and SOM’s (2019) toxicity
values for PFOS. However, it is within approximately one order of magnitude of those
(i.e., EPA: 0.1 ng/kg-day vs ATSDR: 2 ng/kg-day and SOM: 2.89 ng/kg-day). Although
similar, because EPA’s latest (2024 a) value is lower than MFCAP’s selected toxicity
value, MFCAP is continuing to review EPA’s toxicity value and evaluating its suitability
for use in developing fish consumption advisories in Michigan. MFCAP is also awaiting



EPA guidance on the use of their 2024 toxicity values for the development of fish
consumption advisories.

Because the available information may continue to evolve or trend downwards, MFCAP
will update the selection of a toxicity value for use in developing fish consumption
advisories as needed based on available scientific information and/or federal

guidance.

Relative Source Contribution Selection Process and Use

In 2014, MFCAP applied an RSC of 100% in the calculation of the PFOS FCSVs.
PFOS, however, is understood to have had many and diverse historic uses resulting in
widespread environmental contamination. The National Health and Nutrition
Examination Survey (NHANES) reports detectable serum concentrations of PFOS
among most of the sampled population, likely driven by the continued impact of past
industrial and consumer uses (EPA 2024a; ATSDR 2021).

The EPA recommends the application of an RSC between 20% and 80% when setting
ambient water quality criteria protective of human health (EPA, 2000c), which prevents
exposures above the toxicity value if other exposure pathways are likely. This guidance
was applied here, because sources of exposure to PFOS other than fish consumption
are likely relevant to large swaths of the population (EPA 2024a; ATSDR, 2021).

RSC Calculation

The percentage of PFOS exposure that could occur from fish consumption (given the
relevance of other exposure sources) was calculated using a dose converted from
NHANES 2017-2018 (ages 12 and older) human serum PFOS concentration, a
concentration associated with “background” exposure, and the toxicity value of 2.89
ng/kg-day (SOM, 2019).

The NHANES 2017-2018 (ages 12 and older) geometric mean of 4.25 ng/mL PFOS in
human serum concentration (CDC, 2021) was used to represent “background”
exposure. The geometric mean, a measure of central tendency, was selected. This is
the recommended approach from the EPA when estimating an RSC (EPA, 2000c).

The NHANES serum PFOS concentration can be converted into a daily dose with the

below equation and parameters. All parameters match those used by the Michigan
Science Advisory Workgroup in calculation of the toxicity value (SOM, 2019).

Dose = serum concentration X k, XV,

Where,
e Serum concentration = 4.25 pg/L (ng/mL) (CDC, 2021)



e V4 (volume of distribution) = 0.23 L/kg (SOM, 2019)
e Ke (elimination rate constant) = 0.000558539 (5.5 x 104) days™, based on a
human serum half-life (t12) of 1241 days (SOM, 2019) and the below equation

ke = In(2)/ty),

e Dose, in micrograms per kilogram-day (ug/kg-day) = 0.00055 pg/kg-day = 0.55
ng/kg/day

The percentage of the toxicity value represented by background exposure was then
calculated.

"Background" Dose % 100 = 0.55 « 100 = 19%
Toxicity value ~ 289 - 0

With 19% attributable to background, 81% may be attributable to fish consumption. This
was rounded down to 80% to align with EPA’s guidance to use an RSC between 20%
and 80%.

The application of an 80% RSC to the PFOS FCSVs has the following uncertainties:

e Exposure scenarios that include localized elevated exposures to PFOS from one
or more environmental media are not represented by the current approach, which
allocates only 20% of the RfD to sources of PFOS other than fish.

o Individuals with a PFOS serum concentration at the 95% Percentile
(NHANES 2017-2018) have approximately 66%?2 attributable to
background and would only have approximately 34% to allocate to PFOS
from fish consumption. However, extensive statewide investigative work
conducted by State of Michigan agencies has likely identified most or all
high-strength sources of PFOS in drinking water, a primary source for
elevated exposure.

e Assumptions about bioavailability/bioaccessibility of PFOS:

o Evidence related to the bioavailability of PFOS from fish tissue continues
to accumulate and could inform future evaluations by MFCAP. For
instance, laboratory studies (Zhao et al., 2023; Alves et al., 2017) describe
less than 100% bioaccessibility of PFOS when exposure occurs through
diet, with reports ranging from 40% bioaccessibility of PFOS in steamed
salmon to 60-65% in steamed carp and snakehead (Zhao et al., 2023) and
62% bioaccessibility for PFOS in flounder (Alves et al., 2017).

e Use of NHANES Data:

o The NHANES data describe a downward trend over time in PFOS blood
levels nationwide.

2 NHANES (2017-2018) 95% Percentile = 14.6 pug/L; Using the equations described, that equals a dose of 0.0019
pa/kg-day (1.9 ng/kg-day) and (1.9/2.89 x 100 = 66%)



» These data suggest exposures to PFOS from all routes are likely
changing over time, which could have implications for MFCAP’s
selection of an RSC for fish consumption in the future.

o The NHANES data used to estimate background exposure across the
United States may not reflect current background PFOS levels in Michigan
residents.

= MDHHS is currently performing the Michigan Chemical Exposure
and Monitoring Study (MiChEM), which will provide Michigan-
specific chemical background exposures for future evaluation of
RSCs.

o Available data (Terry et al., 2018) suggest approximately 20% of adults
(ages 20+) reported consuming seafood (fish + shellfish) at least two
times per week during NHANES 2013-2016. Therefore, the use of
NHANES to calculate “background” exposures may already include some
portion of PFOS from fish consumption.

Per-and Polyfluoroalkyl Substances (PFAS) other than
PFOS

The EPA now recommends monitoring four PFAS in addition to PFOS in fish and
shellfish advisory programs and suggests a further seven to watch (EPA, 2024b). For
more than a decade, the MFCAP program has reviewed data for 11 PFAS found in the
edible portions of fish, including PFOS and the four others recommended by EPA. In the
past several years, the MFCAP has evaluated data from an expanded list of 39 PFAS
that are now analyzed in the edible portions of fish in Michigan (inclusive of the five
PFAS recommended by EPA to monitor and inclusive of the seven PFAS on EPA’s
expanded watch list).

MFCAP has observed that among all measured PFAS, PFOS is found:

(1) most often (i.e., found in 94% of fish filets sampled from Michigan waters by the
Michigan Department of Environment, Great Lakes, and Energy (EGLE)3, and found in
100% of fish randomly sampled in the U.S. portion of the Great Lakes by the EPA%);
and,

(2) at higher concentrations relative to other PFAS (i.e., average concentration of PFOS
in fillets of fish from Michigan waters is 69 ng/g, compared to PFOA, for example, at 1

ng/g).

Further, PFAS other than PFOS that are detected in fish tissue have roughly similar, or
higher, toxicity values than PFOS (see EPA’s Integrated Risk Information System (IRIS)

3 EGLE Fish Contaminant Monitoring Program, data as of November 2022
42020 Great Lakes Human Health Fish Fillet Tissue Study (data tables, US EPA, 2024)



for details on relative toxicity values). Therefore, consumption guides that are based on
PFOS are currently understood to be protective of the other PFAS that may be present
at lower concentrations in fewer fish.

Although no action or programmatic updates are needed at this time to follow EPA’s
new recommendations for fish monitoring, the MFCAP will continue to evaluate data
from all available PFAS and may update recommendations if additional relevant
information becomes available.

Statewide Exposure Prevention Guidance for PFAS

Given myriad exposure routes, accumulation of toxicological data, a rapidly evolving
regulatory landscape and recent federal and international determinations related to
carcinogenicity, among other recent findings, MDHHS encourages all people to reduce
their exposures to all sources of PFAS as much as possible to reduce the likelihood of
adverse health outcomes. Personal decisions about fish consumption including
following MFCAP’s fish consumption guides are one, among many, important ways to
reduce or avoid exposure to PFAS from the environment. Everyone is encouraged to
learn more about ways to reduce exposure to PFAS by visiting
Michigan.gov/pfasresponse/health.

Recommendation

The updated toxicity value (2.89 ng/kg-day) and the new RSC (80%) described here
should be used to calculate updated FCSVs for PFOS. Embedded considerations that
add to the protectiveness of these values include:

e The toxicity value (2.89 ng/kg-day) is based on a no observable adverse effect
level, which is 10 times below the identified dose in mice that lead to observed
effects (SOM, 2019).

e The toxicity value (2.89 ng/kg-day) includes a total uncertainty factor of 30, to
account for laboratory animal to human toxicodynamic differences and human
variability (SOM, 2019).

e The toxicity value is based on an immune health endpoint and immune endpoints
have been identified as one of several considered most sensitive, indicating that
this value would be protective for other health endpoints (SOM, 2019; ATSDR,
2021; EPA, 2024a).

e The toxicity value is consistent (i.e., approximately within an order of magnitude)
with those selected for use by all other relevant agencies and in other media
(e.g., ATSDR, 2021; EPA, 2024a).

¢ An assumption that 100% of the ingested PFOS in fish will be absorbed by a
person’s body, which may overestimate the percentage of PFOS that is actually
absorbed (Zhao et al., 2023; Alves et al., 2017).

e An assumption that NHANES 2017-2018 serum PFOS currently represents the
Michigan’s general population serum PFOS levels. Serum concentrations from
2017-2018 may overestimate serum PFOS as levels nationally have been


https://www.michigan.gov/pfasresponse/health

declining over time. And, for Michigan’s general population, extensive statewide
investigative work over the past nearly a decade has likely identified most or all
high-strength sources of PFOS in drinking water.

Updating the FCSV with these inputs and updating relevant fish consumption guidelines
will further protect public health in Michigan and will provide noncommercial anglers and
fish consumers with updated information they can use to make decisions about their
health and exposure to PFOS.
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Table A-1. Selected studies from independent literature review.

Citation

Study population

Health Effect Endpoint(s)

Alam MN, Han X, Nan B, Liu L, Tian M, Shen H, Huang Q.
2021. Chronic low-level perfluorooctane sulfonate (PFOS)
exposure promotes testicular steroidogenesis through
enhanced histone acetylation. Environmental Pollution
284:117518.

Male rats

Reproductive

Histone modification, Steroid
hormone synthesis in rat
testis

Birukov A, Andersen LB, Andersen MS, Nielsen JH, Nielsen F,
Jyhl HB, Jorgensen JS, Grandjean P, Dechend R, Jensen TK.
2021. Exposure to perfluoroalkyl substances and blood
pressure in pregnancy among 1436 women from the Odense
Child Cohort. Environment International 151:106442.

Pregnant women from the
Odense region of Denmark

Cardiovascular

Budtz-Jorgensen E and Grandjean P. 2018. Application of
benchmark analysis for mixed contaminant exposures: Mutual
adjustment of perfluoroalkylate substances associated with
immunotoxicity. PLOS One 13(10):e0205388.

Two birth cohorts from the Faroe
Islands

Immunological

ChenL, LiuY, MuH, LiH, LiuS, Zhu M, Bu Y, Wu B. 2022.
Effects of perfluorobutane sulfonate and perfluorooctane
sulfonate on lipid homeostasis in mouse liver. Environmental
Pollution 315:120403.

Adult C57BL/6 male mice

Hepatic, Metabolic
(lipid homeostasis)

Cheng X, Wei Y, Zhang Z, Wang F, He J, Wang R, Xu Y,
Keerman M, Zhang S, Zhang Y, Bi J, Yao J, He M. 2022.
Plasma PFOA and PFOS levels, DNA methylation, and blood
lipid levels: A pilot study. Environmental Science & Technology
56:17039-17051.

Patients enrolled in a hospital in
Hubei Province, China

Metabolic

Conley JM, Lambright CS, Evans N, Farraj AK, Smoot J,
Grindstaff RD, Hill D, McCord J, Medlock-Kakaley E, Dixon A,
Hines E, Gray Jr. LE. 2023. Dose additive maternal and
offspring effects of oral maternal exposure to a mixture of three
PFAS (HFPO-DA, NBP2, PFOS) during pregnancy in the
Sprague-Dawley rat. Science of the Total Environment
892:1646009.

Pregnant Sprague-Dawley rats
and offspring

Hepatic, developmental




Citation

Study population

Health Effect Endpoint(s)

Conley JM, Lambright CS, Evans N, Medlock-Kakaley E, Dixon
A, Hill D, McCord J, Strynar MJ, Ford J, Gray Jr. LE. 2022a.
Cumulative maternal and neonatal effects of combined
exposure to a mixture of perfluorooctanoic acid (PFOA) and
perfluorooctane sulfonic acid (PFOS) during pregnancy in the
Sprague-Dawley rat. Environment International 170:107631.

Pregnant Sprague-Dawley rats
and offspring

Developmental, reproductive,
metabolic, hepatic,
nephrological

Conley JM, Lambright CS, Evans N, Medlock-Kakaley E, Hill
D, McCord J, Strynar MJ, Wehmas LC, Hester S, MacMillan
DK, Gray Jr. LE. 2022b. Developmental toxicity of Nafion
byproduct 2 (NBP2) in the Sprague-Dawley rat with
comparisons to hexafluoropropylene oxide-dimer acid (HFPO-
DA or GenX) and perfluorooctane sulfonate (PFOS).
Environment International 160:107056.

Pregnant Sprague-Dawley rats
and offspring
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