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The Ideal The Reality



Part I: The Omnivore’s Dilemma

(with apologies to Michael Pollan)



Image credit: Harrison Keely - Own work, CC BY 4.0, 
https://commons.wikimedia.org/w/index.php?curid=164117908

Organic
Conventional
Regenerative
Artisanal
Raw
Probiotic
Prebiotic
Wild-Caught
Responsibly Farmed
Free Range
Pasture Raised
Hormone-free
No antibiotics
Not animal tested
Gluten Free
Gluten Conscious
…



https://www.ewg.org/foodnews/dirty-dozen.php



Story from early 
2019!





National Biomonitoring Programs

How do (did?) we know 
there’s a problem?

https://www.cdc.gov/nchs/nhanes/index.html



Human Exposure to Environmental Chemicals
>200 Chemicals routinely measured in blood of U.S. population



Human Exposure to Environmental Chemicals
>200 Chemicals routinely measured in blood of U.S. population

Tobacco smoke
Fungicides & metabolites
Herbicides & metabolites
Sulfonylurea herbicides
Carbamate pesticides & metabolites
Organochlorine pesticides & 
metabolites
Other pesticides & metabolites
Organophosphate insecticides & 
metabolites
Pyrethroid metabolites
Metals & metalloids
Parabens
Perchlorate & other anions
Perfluorinated compounds
Phthalate & phthalate alternative 
metabolites
Phytoestrogens & metabolites
PAH metabolites
VOCs & metabolites
PBDEs & PBB-153
PCBs



Human Exposure to Environmental Chemicals:
Food as Example of Globalization

Tobacco smoke
Fungicides & metabolites
Herbicides & metabolites
Sulfonylurea herbicides
Carbamate pesticides & metabolites
Organochlorine pesticides & 
metabolites
Other pesticides & metabolites
Organophosphate insecticides & 
metabolites
Pyrethroid metabolites
Metals & metalloids
Parabens
Perchlorate & other anions
Perfluorinated compounds
Phthalate & phthalate alternative 
metabolites
Phytoestrogens & metabolites
PAH metabolites
VOCs & metabolites
PBDEs & PBB-153
PCBs

For many of these 
chemicals, food is a 
major exposure 
pathway.



Food as Exposure Pathway

Methyl mercury in 
tuna

Pesticides on apples

Acrylamide in French 
fries

Per- and polyfluorinated 
substances in popcorn

production

processing

packaging

intentional 
or
inadvertent



Role of Bioaccumulation vs. Mobility

Bioaccumulation leads to concerning levels,
even for micropollutants

Cenvironment

Ctop predator

✕ 10 - 1,000,000

Mobility, when coupled with persistence, 
leads to ubiquitous and continuous exposure

Classic examples: 
DDT, PCBs, PBDEs.

Identified classes 
of emerging 
compounds 
missed by 
regulatory 
approaches. Now 
we have PMT in 
addition to PBT.



Part II: How did we 
get here?

Key Mobile and Persistent 
Chemical Classes



Case 1: per- and polyfluoroalkyl 
substances (PFAS)

PFAS are organofluorine substances.
Built on a backbone that would have 

been an organic chemical (having 
carbon-hydrogen bonds, but with the 

hydrogens replaced by fluorine.



What’s so special about PFAS?

Unlike most other substances, PFAS 
are both hydrophobic and oil-phobic.
This means that they are both water and 
stain repellent! 



How did we get here?
A brief PFAS timeline

1938: 
PTFE
discovered

1941: PTFE
patented

1940s 1950s 1960s 1970s 1980s 1990s 2000s 2010s

2000: 
PFOS phased out 
of class A foams 
(PFAS still in 
class B foams)

2006: 
US EPA Stewardship 
Agreement
(voluntary phase-out)



Useful Properties à Wide Uses
Safety Food

Packaging
Personal

Care
Products

Not at all exhaustive!

Technological Pharmaceutical



How did we get here?
A brief PFAS timeline



PFAS: How People Are Exposed

If you live near a 
contaminated site, 
drinking water is 
usually the major 
exposure route.

Without drinking water 
contamination*, food is 

usually the major 
source of PFAS 

exposure.

Research is ongoing to 
better understand other 

sources (e.g. indoor 
exposures via cleaning/ 
personal care products, 

carpets, outdoor air).

*most water has low levels of PFAS; contaminated sites have high levels



Example of an 
“E-Waste POP”: 

Polybrominated diphenyl 
ethers (PBDEs) – persistent, 
bioaccumulative, toxic, and 

now largely banned. Still 
present in legacy equipment 

at high weight percent.

Case 2: the Waste-to-Food chain of 
industrial and agricultural chemicals

21



E-waste: global trade in 
toxic chemicals.

Source: Baldé et al.: The Global E-Waste Monitor 
2017, United Nations University, ITU and ISWA.
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A Consistent Result:
Persistent Chemicals in Fish and Seafood



Czub & McLachlan 
(2004) ES&T.

Traditional Approach: 
the “Unit World” 
Assumes only local 
contamination/exposure

How can we understand chemical 
cycling in the modern food system?



Challenge: Where does our food 
come from?

SOURCE: Photos taken by Megha Bedi, PhD 
Candidate. 28



PFAS in Seafood: origin, type, cost

Megha Bedi, PhD 2023

How do 
consumer 
choices affect 
exposure to 
contaminants in 
food?
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PFAS in Seafood: by origin and type
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Bedi et al. 2021, https://www.sciencedirect.com/science/article/abs/pii/S0304389423013456?via%3Dihub 

https://www.sciencedirect.com/science/article/abs/pii/S0304389423013456?via%3Dihub
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PFAS in Seafood: No effect of $/$$/$$$
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Modeling Exposure in Seafood

EWI: estimated weekly intake (ng/kg 
bw/week) 

Concfish: total of PFOS, PFOA, PFHxS, and 
PFNA levels (ng/g) 

MS: amount of seafood (g/meal)

MF: meal frequency (meals/week)



Behavior also drives exposure
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What about other chemicals?

34Megha Bedi, PhD 2023 Yelena Sapozhnikova, USDA



35

Industrial, Agricultural and 
Pharmaceutical Chemicals in Seafood

Distribution of current and 
legacy chemicals differed by 
seafood type.
Clenbuterol: bronchodilator, 
sometimes used illegally to 
improve market value by 
increasing lean mass.
Allethrin: pyrethroid 
insecticide.

Note legacy signal (DDTs, 
PCBs) in catfish.
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Current and Legacy Chemicals in Seafood

Both seafood species and 
chemical properties matter! 

Legacy chemicals’ higher toxicity 
can lead to exceeding limits even 
at relatively low concentrations 
(here, for dioxin-like PCBs).



Only a small part of the picture!

Producing 
countries Disposal/ 

recycling 
countries

All 
countries!
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Part III: What Do We 
Do Now?

Learning from the past, protecting the future. 



The enduring legacy of highly 
persistent chemicals

• Based on what we already know 
from a long history of 
contamination, technology will not 
save us. 

• Once remote environments are 
highly contaminated, they serve 
as ongoing sources to the 
environment and, eventually, our 
food. https://www.science.org/content/article/extraordinary-levels-pollutants-

found-deepest-parts-sea 

https://www.science.org/content/article/extraordinary-levels-pollutants-found-deepest-parts-sea
https://www.science.org/content/article/extraordinary-levels-pollutants-found-deepest-parts-sea
https://www.science.org/content/article/extraordinary-levels-pollutants-found-deepest-parts-sea
https://www.science.org/content/article/extraordinary-levels-pollutants-found-deepest-parts-sea
https://www.science.org/content/article/extraordinary-levels-pollutants-found-deepest-parts-sea
https://www.science.org/content/article/extraordinary-levels-pollutants-found-deepest-parts-sea
https://www.science.org/content/article/extraordinary-levels-pollutants-found-deepest-parts-sea
https://www.science.org/content/article/extraordinary-levels-pollutants-found-deepest-parts-sea
https://www.science.org/content/article/extraordinary-levels-pollutants-found-deepest-parts-sea
https://www.science.org/content/article/extraordinary-levels-pollutants-found-deepest-parts-sea
https://www.science.org/content/article/extraordinary-levels-pollutants-found-deepest-parts-sea
https://www.science.org/content/article/extraordinary-levels-pollutants-found-deepest-parts-sea
https://www.science.org/content/article/extraordinary-levels-pollutants-found-deepest-parts-sea


No escaping PFAS and other PMT…



What Can be Done?

For new and current persistent 
chemicals, learning more about their 
toxic impacts on a substance-by-
substance basis will take too long in the 
face of ongoing and irreversible 
exposures.

Policy strategies are needed that can 
address multiple uses and multiple 
chemicals (or chemical classes!).

Image credit: CSIRO, CC BY 3.0, 
https://commons.wikimedia.org/w/index.php?curid
=35485285



The Essential Use Concept



The Life Cycle 
Approach to 
PFAS (and all 
chemicals)

Lohmann et al. 2020 ES&T



Questions?Questions?


