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Example of Eat Safe Fish Guidelines (MDNR)

Fish and Wildlife Consumption Advisory Committee (FAWCAC)



https://www.michigan.gov/pfasresponse



What is Unknown about PFAS in Fish, Wildlife and Agriculture

• Exposure pathways

• Biomagnification in food web

• Biological effects on different taxa

• Understanding of risk



Risk 

Characterization

Pathways for 

Exposure

Biological Effects 

from Exposure



Ecological Risk Assessment

A combination of biological effects and exposure 

determines risk, and this risk can be used to 

prioritize monitoring and evaluation.
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Exposure Assessment and Characterization 

• How these chemicals bioaccumulate, bioconcentrate, biomagnify
is uncertain.  They are unusual because:
• Bind to proteins (albumin), and membrane phospholipids, instead of  

storage lipids

• Can be metabolized, but mechanism and rates are uncertain

• Next generation of PFAS have not been studied (1000’s of them) 
• Trend towards increasing bioconcentration and biomagnification with 

increasing carbon chain length of the molecule

• Toxicity occurs after exposure to contaminated water,  soils and 
food



Exposure Assessment and Characterization 

What is needed:

• Standards for PFAS, and identification of “unknowns”

• Controlled laboratory or “semi-field” dietary biomagnification studies 

on fish, mammals, avian species  and various plants

• Laboratory studies in which fish are exposed to contaminants solely 

through their diet, and not by respiratory uptake from water through 

their gills, can provide useful information on biomagnification

• Controlled experiments that expose mammals (deer, mink, others) to 

background levels of PFAS in drinking water and feed

• Similar experiments on birds

• Determine the elimination half-life for the different PFAS

• Trophic structure studies for specific impacted areas (stable isotopes)

• Incorporate data into exposure MODELS developed for contaminant 

fate and transport 



Biological Effects from exposure – dose response

• This is the “hazard” of Ecological Risk Assessment, and need to 

determine the hazard to biological life

• Many of the effects are non lethal but could impact long term 

population health because of effects on reproduction, growth and 

immune function

• PFAS rarely occur in isolation and usually occur with other legacy 

contaminants such as MeHg and PCBs.

• PFAS could amplify the effects of the legacy contaminants 

because it interferes with cell membranes and protein function
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Adverse outcome pathways

Need to test on molecular and cellular levels of biological 

organization to determine potential toxicity pathways 

• Relatively inexpensive and can use in vitro, in silico approaches 

Mechanistic information will help inform interactions with other 

contaminants and stressors 

• Many of the organisms will also have other contaminants and diseases

Eventually need to link to adverse outcomes that can be interpreted 

at the population level for ecological risk assessment

• Whole population studies are expensive and time consuming



What has to be done

• Many of the PFAS are being run through EPA’s ToxCast to determine 
molecular responses and cellular response

• Molecular level effect will have to inform population models calibrated 
for Michigan Fish, Wildlife and Agricultural Resources through AOP 
models.

• We will need representative fish, amphibian, avian and mammalian 
models

• Thousands of PFAS have to be assessed

Once framework is setup it can be used to respond to any future stressor 
and multiple stressors



Example:

PPAR α - Peroxisome proliferator-activated receptor

https://aopwiki.org/aops/6

Population level effect

Molecular level effect
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