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Introduction – Routes of Entry

Picture: https://www.eea.europa.eu

One Health Approach: 

Almost everything is connected
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Introduction – Routes of Entry, Toxicity, Elimination

> 500 References
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 Best studied PFAS are carboxylic and sulfonic acids C4 to C14

 PFOA and PFOS harmful to aquatic fauna, insects, and amphibians at a few μg/L or less

 Accumulation in organisms, biomagnification in food webs

 Humans are subjected to PFAS uptake primarily through food and drinking water

 PFAS are a major challenge for analysis: single-substance analyses capture only a fragment of PFAS

 The high mobility of per- and polyfluorinated carboxylic and sulfonic acids makes soil and groundwater 

pollution at contaminated sites a problem (hot spots)

 In general short-chain PFAS are more mobile than long-chain ones

 Recycling of PFAS-containing products such as paper and food packaging leads to carryover of the 

contaminants

 The switch to short-chain representatives, per- and polyfluorinated oxo carboxylic acids, telomeric 

alcohols and acids leads to increased environmental concentrations of them

Introduction – Conclusions Relevant for Food Safety (Brunn et al. 2023)
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Introduction – Risk Assessment

If it is possible to derive a NO(A)EL* for a non directly acting 

genotoxic contaminant, you divide this concentration by a safety 

factor to obtain e.g., TDI or TWI. 

Tolerable daily/weekly intake (TDI / TWI) indicates the amount of a 

pollutant or group of pollutants, which, according to current 

knowledge, can be ingested weekly over the entire lifetime without 

posing a health risk to humans.

Setting of maximum levels:

Evaluation of a toxicological reference value (TDI /TWI or BMDL10) is 

one important factor:

Based on: in-vitro studies, animal studies, human data (e.g., via 

biomarker, body burden)

Other considerations relevant, e.g. the ALARA principle (“As Low 

As Reasonably Achievable”)

https://toxedfoundation.org/basics-of-dose-response/

*

Yoshii et al. 2020
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EFSA – Scientific Opinions (2008–2020)

422 References

First Opinion 2008

TDI PFOA: 1500 ng/kg/bw

TDI PFOS: 150 ng/kg bw

(Animal studies)

Second Opinion 2018

TWI PFOA: 6 ng/kg/bw

TWI PFOS: 13 ng/kg bw

(Human data: increase of

LDL cholesterol)
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The 4 EFSA PFAS – Sum Value, Similar Mode of Action  

 Perfluorooctane sulfonic acid (PFOS, ban 2011)

 Perfluorooctanoic acid (PFOA, ban 2021)

 Perfluorononanoic acid (PFNA, ban 2022)

 Perfluorohexane sulfonic acid (PFHxS, ban 2022)

• Contamination of food via bioaccumulation in aquatic and terrestrial food chains

• Diet including drinking water is the major source of PFAS exposure

• Food contact materials containing PFAS is likely to contribute to human exposure

• Probably cosmetics (PFAS are used in mascara, make-up and lipsticks) and personal care products with minor 

relevance

• No accumulation in fat, but binding to proteins and storage and accumulation in blood, liver and kidneys 
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Toxicological Outcomes

• Impairment of the immune system: PFAS can impair the immune response, 

which can lead to a reduced effectiveness of vaccinations.

• Elevated cholesterol levels: Exposure is associated with higher total and LDL cholesterol levels, which may increase

the risk of cardiovasculardisease.

• Delayed development: PFAS may affect fetal and infant development,including the risk of lower birth weight.

• Impairment of liver function: Exposure may cause elevated liver enzyme levels, indicating liver damage or dysfunction.

• There are concerns about an increased risk of kidney and testicular cancer. No evidence for a direct genotoxic mode of 

action for PFOS and PFOA was identified.
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The Most Sensitive Toxicological Endpoint

Lower number of antibodies after vaccination in infants who had been breastfed for a longer period of time

(1) From a human study, a lowest BMDL10 of 17.5 ng/mL for the sum of the four PFASs in serum was 

identified for 1-year-old children.

(2) Using PBPK (Physiologically-based pharmacokinetic) modelling, this serum level of 17.5 ng/mL in children 

was estimated to correspond to longterm maternal exposure of 0.63 ng/kg bw per day. 

(3) Since accumulation over time is important, a tolerable weekly intake (TWI) of 4.4 ng/kg bw was 

established.
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The Most Sensitive Toxicological Endpoint – Quality Control

(3) BfR, Opinion 020/2021

“The overall view of the results of the external and internal exposure estimates shows that parts of the popular-

tion in Germany are exposed to PFOS, PFOA, PFNA and PFHxS at levels are exposed to PFOS, PFOA, PFNA 

and PFHxS at a level that is associated with a lower concentration of vaccine antibodies in the blood serum. 

This is also possible in children between 1 and 9 years of age with high PFAS exposure via their diet.”

(2) Immunological adverse effects confirmed by animal experiments

(1) EFSA (2020) Outcome of a public consultation on the draft risk assessment 

of perfluoroalkyl substances in food. EFSA supporting publication 2020: EN-

1931. 202 pp. DOI:10.2903/sp.efsa.2020.EN-1931 
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Legislation – Maximum Levels for the Sum of 4 PFAS
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Food Monitoring in Germany (Overview in BfR, Opinion 020/2021)
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Food Monitoring in Germany (Overview in BfR, Opinion 020/2021)

Wild boar

Domestic pig
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Rapid Alert System for Food and Feed 

https://food.ec.europa.eu/food-safety/rasff_en
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Dramatic Adverse Toxicological Effect of PTFE (1975)

Thermal degradation leads to toxic gasses and ultrafine particles …

Vet. Rec. 1975, 96(8):175-178.

A case of polytetrafluoroethylene poisoning in cockatiels 

accompanied by polymer fume fever in the owner

T B Blandford, P J Seamon, R Hughes, M Pattison, M P Wilderspin

Five cocatiels (Nymphicus hollandicus) died within 30 minutes following 

exposure to fumes from a frying pan coated with the "non-stick" plastic 

polytetrafluoroethylene (PTFE) that had accidentally overheated. Within 

an hour the owner developed symptoms of "polymer fume fever" but 

recovered in the next 24 hours. Clinical signs and post mortem lesions 

of the cockatiels are described and reference is made to the unusual 

susceptibility of parakeets to the pyrolysis products of frying pans coated 

with PTFE.

Picture: Wikipedia
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Dramatic Adverse Toxicological Effect of PTFE (1982)

ACUTE TOXICOSIS OF BUDGERIGARS (MELOPSITTACUS-UNDULATUS) CAUSED BY PYROLYSIS 

PRODUCTS FROM HEATED POLYTETRAFLUOROETHYLENE - MICROSCOPIC STUDY

WELLS, RE; SLOCOMBE, RF

AMERICAN JOURNAL OF VETERINARY RESEARCH 1982

Volume 43, Issue7, Page1243-1248

An ultrastructural study was performed on the respiratory system of budgerigars (including 6 controls) which were 

acutely affected by inhalation of toxic fumes from heated polytetrafluoroethylene (PTFE pyrolysis products) or had 

survived for 24 h after a sublethal exposure. The controls were exposed to fumes from heated plain Al (not coated 

with PTFE). The microanatomy of lungs of the controls was described and compared with that of lungs of birds 

exposed to PTFE pyrolysates. The PTFE pyrolysates caused extensive, severe necrotizing and hemorrhagic 

pneumonitis. These lesions were associated with amorphous elongate conglomerates of particles which were 

similar to those isolated on membrane filters from fumes generated from heated PTFE. This supported the 

hypothesis that the toxic principle in PTFE pyrolysates was related to generated particulates.

Picture: Wikipedia
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Dramatic Adverse Toxicological Effect of PTFE (2012)

Two groups of chickens (Gallus domesticus; White Leghorn; age, 4 d and 2 

wk) housed in a university research vivarium were found dead or 

moribund without prior signs of illness. …Inspection of the animal room 

revealed that approximately 50% of the heat lamp bulbs in the brooder cage 

were coated with polytetrafluoroethylene (PTFE). Two published case 

reports detail similar experiences in birds exposed to PTFE-coated heat-

lamp bulbs… In the present case, the bulbs were replaced, and no 

similar problems subsequently have been noted. 
Picture: Wikipedia



Summary

• The possible health effects of PFAS are manifold and cannot be conclusively assessed today.

• Further coordinated analyses of animal and plant-based foods should be carried out to obtain 

comprehensive data on the PFAS contamination.

• Longer- and shorter-chain substitute products are not expedient from a food safety perspective.

• Even PTFE is not safe for each species per se …

• The ALARA principle does not ignore social and economic factors. 
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Entry and Elimination of PFAS into the Human Body (2024)
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A very worth reading self-experiment: 

Ingestion of a low-dose mixture of 15 PFAS. These compounds were labeled with carbon-13 (13C). 



Thank you for your attention !!!


