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Disclosure
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What are Per- and polyfluoroalkyl 
substances (PFAS)?
• Human-made 

chemicals used in 
manufacturing and 
commercial products 
since 1940s 

• Strong carbon-fluorine 
bonds

PFAS Per- and polyfluoroalkyl substances

PFOA Perfluorooctanoic acid

PFOS Perfluorooctanesulfonic acid

PFNA Perfluorononanoic acid

PFHxA Perfluorohexanoic acid

PFHxS Perfluorohexane sulfonate

PFBS Perfluorobutanesulfonic acid

GenXTM GenXTM



What are the uses of PFAS?

• Uses of PFAS include: 
• Non-stick surfaces on cooking pans and food 

wrappers
• Waterproofing chemicals (clothes, furniture)
• Foams used to fight fires (airports, military 

bases)
• Industrial use to keep fumes down for worker 

safety



Why the concern?

• Used occupationally (released to water, air, 
soil)

• Persistent (do not degrade quickly)

• Bioaccumulative (in humans and other 
animals)

• Inadvertently consumed (in drinking water 
and food)



Timeline of PFAS in Michigan
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Year Event
2012 Former Wurtsmith Air Force Base 

“Do Not Eat” fish 
2012-2015 Great Lakes Restorative Initiative-funded surface 

water and fish data
2017 Camp Grayling groundwater data
2017 North Kent County residential well and 

groundwater data
2018 Parchment municipal water system data
2019+ Continued site discovery & response…

www.Michigan.gov/pfasresponse



Michigan Sites

• Site discovery 
continues…

• As of 9/3/2019, 145 
official sites have been 
identified

• Other sites are under 
investigation

www.Michigan.gov/pfasresponse



MI Public Water Supply Testing

8

Phase I in 2018, Phase II in 2019, Monthly Surface Water System 
Monitoring, Quarterly Monitoring
www.Michigan.gov/pfasresponse, Under Drinking Water 8



PFAS Regulatory Values in Public 
Water Supplies

Contaminant MCL (ng/L)
Perfluorononanoic Acid (PFNA) 6

Perfluorooctanoic Acid (PFOA) 8

Perfluorooctane Sulfonic Acid 
(PFOS)

16

Perfluorohexane Sulfonic Acid 
(PFHxS) 51

Hexafluoropropylene Oxide 
Dimer Acid (HFPO-DA)

(a GenX compound)

370

Perfluorobutane Sulfonic Acid 
(PFBS)

420

Perfluorohexanoic Acid 
(PFHxA)

400,000

Michigan Residents' 
Drinking Water Sources 

(approximate) 

www.Michigan.gov/pfasresponse

~75% Public 

~25% 
Private



MDHHS Public Health Assessments
• Evaluates levels in environmental media 

• Air, drinking water, fish, groundwater, surface 
water, soil

• Works with local and other state agencies

• Recommendations to minimize or prevent exposure



Exposure Risk: Occupational

• Workers in industries or activities that manufacture, 
manipulate or use products containing PFAS may be 
exposed to higher levels than general population:
• Chrome plating
• Firefighting
• Military
• Airports
• Farming
• Landfills



Exposure Risk: General Population
• Ingestion is main exposure pathway

• Drinking water
• Fish and wild game
• Food packaging materials (e.g., popcorn bags, 

fast food containers, etc.)
• Now largely phased out of food packaging

• Hand-to-mouth transfer from surfaces treated 
with PFAS-containing chemicals



Exposure Risk: General Population
• Lesser Risk

• Inhalation
• Dust from soil, carpets, 

upholstery, clothing, or certain 
fabric sprays containing PFAS

• Non-volatile; showering not 
significant inhalational risk

• Dermal 
• Limited and “of minimal 

concern as an exposure route”*
• PFAS-containing foam

*PFAS: An Overview of the Science and Guidance for Clinicians 
PFAS on Per- and Polyfluoroalkyl Substances (PFAS). ATSDR, 12/6/2019



Exposure Risk: Children

• Toddlers and young children
• Formula mixed with PFAS-contaminated water
• Breastmilk from women with current or past 

exposure to PFAS
• Hand-to-mouth behaviors
• Carpet cleaners and similar products (lying and 

crawling on floors)
• Older children 

• Exposure pathway similar to general population



Exposure Risk: Pre- and Neonatal
• Prenatal

• PFAS can cross placenta
• Different PFAS have varying levels of transfer 

• Neonatal
• Formula mixed with PFAS contaminated water
• Breastmilk from women who have current or 

past exposure to PFAS 
• Level of neonatal exposure depends on duration of 

breastfeeding and maternal exposure.



Health Outcomes-Lab Animals

• Hepatic effects in rats, mice, and monkeys
• Includes: increases in liver weight, hepatocellular 

hypertrophy, and decreases in serum lipid levels
• PFOA, PFOS, PFHxS, PFNA, PFDeA, PFUA, PFBA, PFBS, 

PFDoA, and PFHpA
• Not all effects seen in rodents are relevant to potential 

effects in humans

• Immune effects in mice
• Includes: impaired response to antigens
• PFOA and PFOS (limited PFAS tested)

https://www.atsdr.cdc.gov/toxprofiles/tp200.pdf



Health Outcomes-Lab Animals

• Reproductive effects
• Decreases in mammary gland development in mice 
• PFOA

• Developmental effects 
• Includes: decreases in pup body weight and pup survival 

and alterations in locomotor activity
• PFOA, PFOS, PFHxS, PFNA, PFDeA, PFUA, and PFBA 

https://www.atsdr.cdc.gov/toxprofiles/tp200.pdf



Toxic Mechanisms 
(Laboratory Animal Studies)

• Cellular
• PPARα- dependent
• PPARα-independent:

• Other nuclear 
receptors

• Oxidative stress
• Mitochondrial 

dysregulation
• Inhibition of gap 

junction 
intercellular 
communication

• Hepatic

• Developmental

• Immune

Kan Lia et al. Molecular mechanisms of PFOA-induced toxicity in 
animals and humans: Implications for health risks. (2017)Environment
International (99): 43-54. Accessed Jan 15, 2020



Half-life difference between 
humans and laboratory animals

https://www.atsdr.cdc.gov/toxprofiles/tp200.pdf



Exposure Risk: Bioaccumulation
• Long T1/2s
• PFAS with have varied half-lives depending on 

length of their carbon chains:*
PFAS Range of average half-lives

PFBA 72 to 81 hours

PFOS 3.3 to 27 years

PFOA 2.1 to 10.1 years

PFHxS 4.7 to 35 years

Note: PFAS like PFBA with shorter carbon chains may have a shorter half-life



Health Outcomes-
C8 Health Project

• Large epidemiological study-69,030 persons >18 
• Drinking water near Parkersburg, West Virginia 

contaminated by PFOA (C8)
• 1950s-2002 (when contamination discovered)

• PFOA migrated and contaminated air, parts of Ohio 
River, ground water

• Residents in affected area had 500 percent higher 
PFOA blood concentrations compared to 
representative U.S. population (i.e., NHANES).



Human Health: 
Associated PFOS Non-Cancer Effects
• Pregnancy-induced hypertension/pre-eclampsia
• Liver damage, as evidenced by increases in serum 

enzymes and decreases in serum bilirubin levels
• Increases in serum lipids, particularly total 

cholesterol, and low-density lipoprotein (LDL) 
cholesterol

• Increased risk of thyroid disease
• Decreased antibody response to vaccines
• Increased risk of decreased fertility
• Small decreases in birthweight 



Human Health: PFOA
• Associated Non-Cancer Health Effects

• Pregnancy-induced hypertension or pre-eclampsia
• Liver damage, as evidenced by increases in serum 

enzymes and decreases in serum bilirubin levels
• Increases in serum lipids, particularly total cholesterol 

and low-density lipoprotein (LDL) cholesterol
• Increased risk of thyroid disease
• Decreased antibody response to vaccines
• Increased risk of asthma diagnosis
• Increased risk of decreased fertility
• Small decreases in birthweight 

• Associated Potential Cancer Risk
• Testicular and kidney cancer



Associated Health Outcomes: 
PFNA and PFHxS

• PFNA Non-Cancer Health Effects
• Increases in serum lipids, particularly total cholesterol 

and low-density lipoprotein (LDL) cholesterol

• PFHxS Non-Cancer Health Effects
• Liver damage, as evidenced by increases in serum 

enzymes and decreases in serum bilirubin levels
• Decreased antibody response to vaccines



Agency for Toxic Substances and Disease Registry (ATSDR). 2018. Toxicological 
profile for Perfluoroalkyls. (Draft for Public Comment). Atlanta, GA: U.S. 
Department of Health and Human Services, Public Health Service.



Agency for Toxic Substances and Disease Registry (ATSDR). 2018. Toxicological 
profile for Perfluoroalkyls. (Draft for Public Comment). Atlanta, GA: U.S. 
Department of Health and Human Services, Public Health Service.



Agency for Toxic Substances and Disease Registry (ATSDR). 2018. Toxicological 
profile for Perfluoroalkyls. (Draft for Public Comment). Atlanta, GA: U.S. 
Department of Health and Human Services, Public Health Service.



Agency for Toxic Substances and Disease Registry (ATSDR). 2018. Toxicological 
profile for Perfluoroalkyls. (Draft for Public Comment). Atlanta, GA: U.S. 
Department of Health and Human Services, Public Health Service.



MDHHS Environmental Epidemiology 
Investigations of PFAS

Exposure 
Assessment

Health 
Study

With a known source, 
were people exposed? 
And by how much?

Is exposure related 
to health?



North Kent County Exposure 
Assessment Background
• After PFAS (per- and polyfluoroalkyl substances) were discovered in 

private drinking water wells in this region, MDHHS has applied CDC-
ATSDR methods* to investigate the public health risks from 
environmental chemical releases.

• Following CDC-ATSDR methods, the North Kent County community’s 
chemical exposure was investigated by blood testing and questionnaires 
in the North Kent County PFAS Exposure Assessment (NKCEA).

• NKCEA is one step in MDHHS’s continuing public health investigation.

*https://www.atsdr.cdc.gov/pfas/activities/assessments/peatt.html



Households were eligible if they:
• Were on a private water well tested by or at the direction 

of Department of Environment, Great Lakes, and Energy 
(EGLE) and

• Had a detectable amount of PFAS as reported to MDHHS 
from EGLE

<70 ppt total PFAS 
(591 households)

235 (40%) selected

≥70 ppt total 
(182 households)

182 (100%) selected

ppt = parts per trillion (nanograms per Liter [ng/L])



Participants in NKCEA: Individuals
Individuals who 

enrolled 
432

Individuals who 
provided a blood 

specimen
427

Individuals who provided a blood 
specimen and were eligible

413

Individuals less than 12 years 
old who provided a blood specimen 

and were eligible
53

Individuals 12 years and older 
who provided a blood specimen 

and were eligible
360

Individuals who did not 
meet all eligibility criteria

14

Individuals who did not 
provide a blood specimen 

5



PFAS measured in blood and water
PFBA PFHpS PFNA

PFPeA PFPeS Total-PFHxS**
PFHxA PFOSA Br-PFHxS*
PFDoA PFNS L-PFHxS*
PFBS PFDS Total-PFOS**
PFTriA 4:2 FTS L-PFOS*

MeFOSAA 6:2 FTS Br-PFOS*
PFTeA 8:2 FTS Total-PFOA**
PFUnA PFDA Br-PFOA*
PFHpA EtFOSAA L-PFOA*

*Linear (L) and branched (Br) isomers are different shapes; **Total = sum of branched and linear



Main Findings to Date
• The PFAS blood levels found in some NKCEA 

participants were higher than the NHANES 95th 
percentile for some PFAS, including total PFOA, total 
PFOS, and total PFHxS. 

• For most of the PFAS with NHANES comparison values, 
the blood levels of NKCEA study participants were in 
the same range as the lowest 95 out of 100 NHANES 
participants (known as the 95th percentile).

• Full report is at 
https://www.michigan.gov/envirohealth



PFAS Average Blood Levels: US

• PFOA: 1.56 parts per billion
• 95th percentile: 4.17 parts per billion

• PFOS: 4.72 parts per billion
• 95th percentile: 18.3 parts per billion

• PFHxS: 1.18 parts per billion
• 95th percentile: 4.90 parts per billion

NHANES, 2015-2016



MeFOSAA = 7.2 % of NKCEA participants had levels greater than 95% (0.6 µg/L)

μg/L (micrograms per liter) 
= ppb (parts per billion)

Total-PFHxS

Total-PFOA

Total-PFOS

Comparison of number of 
participants with levels greater than 
NHANES 95th percentile



Comparison of Average and 
Maximum PFAS Blood level to other 
groups

Total-PFHxS Total-PFOA Total-PFOS
Average Maximum Average Maximum Average Maximum

Workers in PFAS 
industries

65 1,880 1,231 92,030 692 10,600

Communities with 
contaminated 
drinking water

6 116 23 17,557 18 759

NKCEA Study 
Participants

2 884 2 433 6 3,173

NHANES Participants 1 23 2 20 5 110

PFAS Blood Levels in Different Groups of People (µg/L)



Upcoming MDHHS Health Studies

Exposure Assessment

38

North Kent 
County

PFAS Exposure 
Assessment

The goal of these studies is to 
learn how drinking water that 

contains PFAS may affect health.



Upcoming MDHHS Health Studies

• MiPEHS is expected to start enrolling participants in 
2020; MSS in 2021

• Will invite eligible people from City of 
Parchment/Cooper Township and Belmont/Rockford 
area
• Eligible people will receive a letter from MDHHS, inviting 

them to participate in the study when study offices open.

• Learning more about PFAS and health in these 
communities will benefit the health of all Michiganders.



What health outcomes will be 
measured in MiPEHS and MSS?

40

DRAFT – do not cite, quote, or 
distribute 

Disease Diagnoses
• Musculoskeletal

• Osteoarthritis 
• Osteopenia and osteoporosis

• Cardiovascular Diseases 
• Hypertension 

• Pregnancy and reproduction
• Endometriosis
• Pregnancy-induced hypertension
• Preeclampsia
• Infertility

• Respiratory diseases
• Asthma 

• Immune function
• Autoimmune diseases 
• Atopic dermatitis/eczema
• Allergies

• Diabetes (including gestational diabetes)
• Kidney disease
• Liver disease

Information on PFAS and cancer is not an 
outcome (due to low N) for either study

Health Biomarkers (Lab Testing)
• Lipids
• Thyroid Hormones
• Blood sugar/Glycemic parameters
• Hormones
• Liver function
• Kidney function
• Antibody/Autoimmune titers

Neurobehavioral Testing 
(Evaluation of children 4-17 years; 
MSS only)

• Behavioral measures
• Developmental measures 



PFAS Blood Testing – Community 

• Blood tests for PFAS are most useful when they are 
part of a scientific investigation or a health study
• ATSDR (Jan 2018 website) 

https://www.atsdr.cdc.gov/pfas/pfas-blood-testing.html

CDC PEATT May 2017



PFAS Levels: US Population

Blood Levels of the Most Common PFAS in People in the 
United States from 2000-2014



PFAS Levels: Effect of Water 
Filtration

Average Blood Level of Some PFAS after Installing a 
Water Filtration System

* Average = geometric mean
Data Source: Minnesota Department of Health, Environmental Tracking and 
Biomonitoring. East Metro PFC3 Biomonitoring Project, December 2015 Report 
to the Community.



Should I be testing patients for PFAS?



Blood Testing for PFAS

• CAN tell you…
• that your patient has been exposed
• how their level compares with NHANES data

• CANNOT tell you… 
• if current or future health conditions are due to PFAS
• the timing or source of exposure

• Blood (or urine) sampling for PFAS is not recommended outside of 
exposure assessments or research studies at this time

• Blood PFAS testing is expensive and may not be covered by 
insurance



Should exposed women breastfeed?



Breastfeeding and PFAS

• There are many established benefits of breastfeeding

• Based on current knowledge, the benefits of breastfeeding 
outweigh any potential risk from PFAS

• Resource for information on childhood exposures to toxic 
chemicals: www.PEHSU.net



How do I care for patients exposed to 
PFAS?



Screening for Disease
• There is no specific health screening recommended 

for individuals exposed to PFAS

• Current recommendation is to follow established 
preventive care guidelines for disease screening

• C-8 Medical Panel made recommendations for 
increased screening for diseases with probable links to 
PFOA exposure 



C8 Medical Panel Screening 
Recommendations

Screening < 15 yrs 15-18 yrs 18-19 yrs 20-39 years 40 years or 
older

Cholesterol

Thyroid disease Provider/paren
t discretion

Provider/paren
t discretion

Ulcerative 
colitis

Testicular 
cancer

Renal cancer

Pregnancy 
induced HTN

Routine prenatal care including blood pressure and urine protein

Screening by 
questionnaire/history/physical

Screening by test



Clinical Management of PFAS 
Exposure

• Engage authentically and listen to concerns, and 
provide evidence-based advice, acknowledging 
uncertainty

• Provide routine preventive care, including follow 
up of any signs or symptoms with consideration of 
risk factors, history, and environmental exposures

• Identify potential exposure pathways and minimize 
exposure when possible

• Stay informed- Research on potential health effects 
of PFAS is ongoing, including several studies here in 
Michigan



Are there any treatments for PFAS 
exposure?



Treatment for PFAS Exposure
• There are no recommended therapies to enhance 

elimination of PFAS

• Focus on reducing exposure:
• Filtration of water
• Being aware of fish and wild game 

advisories
• Reducing use of consumer products 

containing PFAS
• Minimize exposure to dust (occupationally 

and at home)



For more information:

Resource Link

Michigan PFAS Action Response Team https://www.michigan.gov/pfasrespon
se

ATSDR Guidance Document for 
Clinicians

https://www.atsdr.cdc.gov/pfas/resour
ces/clinical-guidance.html

EPA https://www.epa.gov/pfas

Pediatric Environmental Health 
Specialty Units

https://www.pehsu.net/PFAS_Resourc
es.html



www.Michigan.gov/PFASresponse



Questions?


