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The universe of PFAS
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Cousins et al., Environ. Sci.: Processes Impacts 2020, 22, 1444Glüge et al., Environ. Sci.: Processes Impacts, 2020, 22, 2345

More than 10,000 different compounds

Important for (human health) risk assessment: 

especially those with relevant volumes of production,

which may be several hundred PFAS

Without (relevant) exposure: no risk



Internal Exposure
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EFSA-4 with highest levels

- high production volumes in the past

- long half-lives in humans in the 

range of years

- accumulation from daily low level 

exposure at least 1000-fold

- easy to be measured individually

- triggers possible effects

- considers all pathways

- external exposure: difficult to estimate



Internal Exposure (current background)
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Differences in concentration ?

- external exposure? (hard to quantify)

- kinetics?

data on kinetics needed for understanding



Study on kinetics: what happens with the compound in the body ?
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Absorption: rate and extent

Distribution: Volume of distribution (Vd)

Metabolism: not existing in case of PFAS

Excretion: Half-life, routes (urine, feces)

Created with BioRender.com

Oral consumption
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Pilot study on PFAS kinetics
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15 compounds applied
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Concept of the pilot investigation
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- self-dosing of a healthy physician (age 67 years)

- complete collection of

urine (first 6 days after application)

feces (for 6 days after application and after day 420)

- application: single oral dose of a mixture of 15 compounds 

mostly 4 µg each, mostly 13C-standards

in an ethanolic solution given on a muffin

- blood sampling for plasma collection, with decreasing frequency

- LC-MS/MS analysis using 13C-standards (differently labeled than those orally applied) 

Results

Environment International 2024, 193, 109047

Absorption 

- fast (Cmax after 2-3 h)

- nearly complete (> 98.6 %)



Volumes of distribution (mL/kg body weight)
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Theoretical volume that 

would be necessary to 

contain the total amount of 

the compound at the same 

concentration that it is 

observed in plasma. 

It represents the 

compound’s propensity to 

either remain in the plasma 

or redistribute to tissues. 

Data allow the calculation of 

body burdens



Terminal half-Lives                                                                          long-chain PFAS

PFCA: ≤C6, PFSA: ≤C8
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PFOA 5.5 y

PFNA 3.6 y

PFDA 2.4 y

PFUdA 1.6 y

PFDoA 0.8 y

PFHxS 4.5 y

PFOS 3.3 y

plasma concentration (µg/L), log scale



Terminal half-Lives                                            short-chain and alternative PFAS
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PFBS      50.6 days

PFHpA 152 days

Adona 34.7 days

GenX 2.9 days

PFBA            4.2 days

6:2FTS          4.1 days

plasma concentration (µg/L), log scale

PFHxA 1.45 days

PFPeA 0.52 days

time (days)



Urinary excretion                                    short-chain and alternative PFAS
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83           77          45           48           51          16            5            2      % dose excreted within 6 days

Half-Lives
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Mechanisms of urinary excretion
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Niu et al., EHP 2023, 131, 76002

Filtration: passive process,
depending on binding to proteins.  

Only unbound PFAS can cross the membrane

Secretion and Reabsorption: active processes,
depending on binding affinities specially to 

Organic Anion Transporters (OAT)



Overview half-lives

Abraham| International Conference on PFAS | 09.10.2025 | Berlin14



Overview half-lives
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Log scale (PFCAs only)

C4, PFBA, 0.011 y

C5, PFPeA, 0.0014 y

C6, PFHxA, 0.004 y

C11, PFUdA, 1.6 y

C10, PFDA, 2.4 y

C9, PFNA, 3.6 y

C8, PFOA, 5.5 y

C7, PFHpA, 0.42 y

C12, PFDoA, 0.8 y

Active re-absorpBon ↑↑

C7 and C8

huge increase of binding to 

Organic Anion Transporters

with further increasing 

chain: half-lives ↓, due to 

binding affinity ↓?

Active secretion ?

PFPeA/PFHxA: higher protein 

binding compared to PFBA, but 

shorter half-lives



Fecal excretion: long-chain PFAS
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Literature data of patients:

High biliary excretion (Fujii et al., J Occup Health 2015, 57, 1)

e.g. PFOA: Clearance 2.62 ml/kg bw/day,

would correspond to a half-life of about 32 days

However:  In the pilot study,

only low daily amounts of PFCAs have been detected,

explaining about half of the total elimination.

But: fecal excretion can be enhanced by the medical 

anion-exchange drug cholestyramine, 

preventing intestinal reabsorption



Human study with 12 volunteers
currently under evaluation 

Abraham| International Conference on PFAS | 09.10.2025 | Berlin17

6 healthy men and women each

mean age 36.1 years (range 23 to 52 years)

single oral dose:

the 8 short-chain and alternative PFAS only

blood sampling for 105 days



Summary kinetics
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Long-chain PFAS investigated

- Very low urinary excretion (reabsorption by OATs), 

very low fecal excretion (enterohepatic circulation, which 

can be interrupted by cholestyramine)

- Half-lives in the range of years (in humans only), 

leading high accumulation

Short-chain and alternative PFAS 

investigated

- Urinary excretion, depending on 

plasma protein binding and possibly 

on active secretion (PFPeA, PFHxA)

- Half-lives in the day range for most 

compounds (no accumulation), but in 

the week range for PFHpA, PFBS and 

ADONA (low accumulation)



Conclusions on kinetics and (human) risk assessment
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Many short-chain and alternative PFAS have short 

half-lives and therefore low accumulation rates, not 

causing relevant levels of internal exposure at 

current external exposure.

Examples: GenX, PFPeA, PFHxA

Currently, no other PFAS with extreme half-lives 

have been identified.

To expand the data basis, more data on kinetics are 

important, and therefore, more analytical 

standards are needed

Long-chain PFAS: still dominating internal exposure, 

despite the strong decrease over 3 decades. 

A further decrease can be expected, 

as all these PFAS have been regulated in the EU. 

Environmental contamination is one of the key issues needing further regulations 

Only ultra-short chain PFAS like Trifluoroacetic acid 

(TFA) have been found at increasing levels. 
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