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Chemicals migrate from food 
contact materials into foodstuffs 



chemical 
migration
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1958: FDA Food Additives Amendment
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https://www.govinfo.gov/content/pkg/STATUTE-72/pdf/STATUTE-72-Pg1784.pdf

https://www.govinfo.gov/content/pkg/STATUTE-72/pdf/STATUTE-72-Pg1784.pdf


2014

8Geueke et al. 2014 https://pubmed.ncbi.nlm.nih.gov/24999917/

https://pubmed.ncbi.nlm.nih.gov/24999917/


Key Terms



100’000 chemicals could 
potentially be migrating into foodstuffs 

– huge data gaps exist

How many food contact chemicals are there?
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~16’000 
food contact 

chemicals 
are known

for at least 

1’822 
chemicals 

evidence for 
migration 

exists
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PESTICIDES FOOD CONTACT 
MATERIALS (FCM)

Number of Substances ~1,500 Possibly 100,000

Level of food contamination µg/kg (ppb) mg/kg (ppm)

Toxicological evaluation yes mostly no

In perspective: Food Contact Materials are an underestimated 
source of chemical food contamination

Source: presentation by Dr. Gregor McCombie, Official Food Control Authority Zurich, January 26, 2016, EU Parliament Workshop.
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http://www.foodpackagingforum.org/news/european-fcm-regulation-challenged
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https://www.foodpackagingforum.org/fccmigex
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2022

Zimmermann et al. 2014 https://www.sciencedirect.com/science/article/pii/S0304389422009578?via%3Dihub

22 EDCs
(endocrine-disrupting 

chemicals )

352 CMRs
(carcinogenic, 

mutagenic, or toxic to 
reproduction)

3 STOT
(specific target
organ toxicity)

32 Persistent, 
bioaccumulativeHow 

many 
chemicals 

in FCMs 
are of 

concern?

What are 
their 

hazards?

388 Food Contact Chemicals of Concern 
(harmful according to the EU’s Chemicals Strategy for 

Sustainability but currently legally used)

Food Contact 
Materials (FCMs)

Evidence for 
migration: 

97 chemicals

https://www.sciencedirect.com/science/article/pii/S0304389422009578?via%3Dihub


”Safe or safety  means that there is a reasonable 

certainty in the minds of competent scientists that 

the substance is not harmful under the conditions 

of its intended use.”

Legal definition of indirect food additive safety in the US
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https://www.ecfr.gov/current/title-21/chapter-I/subchapter-B/part-170  (3. Definitions (i))

https://www.ecfr.gov/current/title-21/chapter-I/subchapter-B/part-170


2017
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5915200/pdf/EHP644.pdf


U.S. Government Accountability Office (2022)

«Food processing and packaging can introduce non-food 

substances […] into food. Some of these substances may pose 

health risks.» 
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GAO 2022. https://www.gao.gov/products/gao-23-104434

https://www.gao.gov/products/gao-23-104434


Chemicals contribute to 
chronic diseases.



Sperm count is declining at an accelerated pace globally
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Levine, H., Swan, S. et al. 2023

https://pubmed.ncbi.nlm.nih.gov/36377604/
https://pubmed.ncbi.nlm.nih.gov/36377604/


Chronic disease burden is increasing globally
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Disability-Adjusted Life Years (DALYs).

Data: Global Burden of Disease 2021.
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Source: https://ehjournal.biomedcentral.com/articles/10.1186/s12940-020-0572-5 
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https://ehjournal.biomedcentral.com/articles/10.1186/s12940-020-0572-5
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Use modern science.
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To prevent illness, 

test all food contact chemicals

for their impact on increasingly 
prevalent chronic diseases.
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2023
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https://doi.org/10.1016/j.envint.2023.108161

https://doi.org/10.1016/j.envint.2023.108161


Assessing the safety of food contact articles: STATUS QUO
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In US, exemptions for 
testing under FDA’s 

Threshold of Regulation



low levels ≠ safe levels

!



“cancer” ≠ proxy for all 
relevant chronic diseases

!



Six Clusters of Disease (SCOD)
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Muncke et al. 2023. Env. Int. https://doi.org/10.1016/j.envint.2023.108161

https://doi.org/10.1016/j.envint.2023.108161


Fully safe food contact articles: the FPF vision
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testing of ALL migrating 
food contact chemicals



Fully safe food contact materials and articles are properly tested
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How to confirm food contact 
materials are fully safe?
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Different approaches to identifying chemical hazard

Toxicology
• Does a chemical cause 

cancer?
• In-vivo testing (animals)

• observational

• not at molecular level

• high cost, long time

• ethical considerations

• relatively good scientific certainty (?)

Key Characteristics
• Does a chemical have the 

key characteristics of 
carcinogens?

• In-vitro assays to test chemical for these 
molecular-level properties of interacting 
with biological molecular targets

• (soon) available for all of the SCOD

• highly useful for development of in vitro 
testing

• cost efficient, fast

• relatively good scientific certainty (?)
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Adverse Outcome Pathway
• How does a chemical cause 

breast cancer?
• What is the molecular initiating event for 

breast cancer?

• (linear) cause-effect relationship needs to be 
established

• highly challenging to develop

• when available: highly useful for development 
of in-vitro testing

• cost efficient, fast

• relatively good scientific certainty (?)
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Smith MT. et al. 2016. Key Characteristics of 
Carcinogens as a Basis for Organizing Data
on Mechanisms of Carcinogenesis. Env. Health 
Persp. http://dx.doi.org/10.1289/ehp.1509912  

http://dx.doi.org/10.1289/ehp.1509912
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Key Characteristics of Immunotoxic Agents

Germolec et al. 2022 https://ehp.niehs.nih.gov/doi/full/10.1289/EHP10800

https://ehp.niehs.nih.gov/doi/full/10.1289/EHP10800
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La Merrill et al. 2020 https://www.nature.com/articles/s41574-019-0273-8

https://www.nature.com/articles/s41574-019-0273-8


Key Characteristics available to date

• Carcinogens
• Cardiovascular Toxicants
• Endocrine Disrupting Chemicals
• Female Reproductive Toxicants
• Hepatoxicants
• Immunotixicants
• Male Reproductive Toxicants
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https://keycharacteristics.org/publications/published-papers-describing-various-sets-of-key-characteristics-kcs/ 

https://keycharacteristics.org/publications/published-papers-describing-various-sets-of-key-characteristics-kcs/




Fully safe (2024):

Use modern science 

to test ALL migrating food contact chemicals for their impacts 

on ALL relevant chronic diseases.

38



Next steps towards fully safe food contact materials (FCMs)

• Identify suitable in-vitro assays 
• Refine protocols for FCM sample preparation 
• Establish protocols for (high-througput) in-vitro testing
• Develop novel relevant in-vitro assays
• Expand chemical analysis methods for FCMs
• Collaborate with relevant stakeholders: 

• food and FCM industry, 
• regulators, 
• academia, 
• civil society
• scientific services industry

• Build capacity with commercial testing labs
• Adjust regulatory requirements
• ...
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Conclusions

• Underestimated: Food contact materials, including food packaging, are a relevant 
source of man-made, synthetic chemicals 

• Preventing exposure prevents disease: Some food contact chemicals contribute to 
human chronic disease

• Inadequate regulations: Food contact chemicals are currently not appropriately 
tested for their impacts on human health 

• Use modern science: Fully safe food contact materials have to be tested for all 
migrating chemicals and for all disease-relevant properties

• Collaboration Imperative: Only by including all stakeholders’ expertise can food 
contact materials be made «fully safe»
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«If you don’t test, 
you don’t know.»
J. Pete Myers
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