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The Flow 

The rise of persistence substance pollution

Confronting the threat of accumulating 
persistent substances in soil



The rise of persistent substance pollution



Persistent synthetic chemicals rising 

Arp et al. Environ. Sci. 

Technol. (2023) 57 (16): 6355–6359.



European surface water 
burdened with increasing 
synthetic chemicals

Wolfram et al. Environment International, 152, 106479.

Would the Stockholm 
Convention on Persistent 
Organic Pollutants capture 
these?



Properties of a drinking water contaminant

Chemical Synthesis
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New hazard classes introduced in Europe: PMT/vPvM 

CLP regulation enacted May 2023

… a pathway to regulate PMT/vPvM substances in downstream regulation



PMT/vPvM Hazard Criteria



What is the most abundant of the PFAS 
that meet the vPvM criteria?

Environmental Science & Technology 2022 56 (10), 6380-6390



Why is this PFAS now everywhere?



TFA is accumulating everywhere since the 190s, 
largely coinciding with F-gas use following the Montreal Protocol  
and use of PFAS-pesticides/pharmaceuticals

TFA accumulating in arctic ice cores

Pickard et al. Geophysical Research Letters (2020),47, e2020GL087535

Freeling and Björnsdotter, Current Opinion in Green and Sustainable Chemistry 2023, 41:100807

and in tree leafs and in groundwater

Albers and Sültenfuss, Environmental Science & Technology Letters 2024 11 (10), 1090-1095



Drinking water (median)1,2

• Germany: 1.5 µg/L

• 19 Countries: 0.23 µg/L 

Tee (median): 2.4 µg/L2

Beer (median) 6.1 µg/L2

Orange juice (mean 34 µg/L)3

Apple juice (mean 6.2 µg/L)3

1. Neuwald et al. Environmental Science &  Technology 2022 56 (10), 6380-6390
2. Scheurer & Nödler. Food Chemistry, 351, 129304.
3. Van Hees et al. https://cdnmedia.eurofins.com/european-

east/media/uxcnaa2c/eurofins_tfa_tfms_juice_24_final.pdf

TFA is increasing in all that we drink

Wine image: Sai Balaji Varma Gadhiraju 

Freeling et al. Environ. Sci. Technol. 2025, 59, 49, 26762-26769)

…Wine 

PAN Europe: Message from the Bottle – The Rapid 

Rise of TFA Contamination Across the EU

Up to 600 µg/L



TFA is p

µg/kg dw

https://www.pan-europe.info/resources/reports/2025/06/forever-chemical-TFA-our-daily-bread

Many PMT/vPvMs can exhibit 

plant uptake

Seelig et al. Environ. Sci. 

Technol. 2025, 59, 18, 9265-9274



Drinks

Potatoes

Cereals

Fruit

Vegetables

Baked goods

Meat

Veg. products

Lean 

fish
Fatty fish

Intake of TFA from a typical Swedish Diet

(total 24.1 µg TFA/person/day in 2022)*

*Source: Gyllenhammar et al. (2026) «Halter av Trifluorättiksyra (TFA) och andra ultrakorta PFAS i 

Livsmedelsverkets Matkorgsstudie från 2022 ”

Simple risk assessment:

0.344 µg/kg /day (70 kg/person)

= 2.5 % EFSA draft Acceptable Daily Intake for 

TFA  of 14 µg/kg/day (expressed as TFA)

= 110% of the EFSA TWI of 0.0044 µg/kg/week 
PFOAequivalents based on immunotoxicity (using 

an RPF of 0.002) of 0.314 µg/kg/day



TFA able to become part of the lipids and biomolecules inside 
microbes …. no follow-up since 1999

If TFA covalently bonded with 

lipids, membranes, 

biomolecules, etc. they would 

ultimately be degraded to 
TFA… again



TFA toxicity to soil and terrestrial systems

Xu et al. Concentration-Dependent Response of Soil Parameters and Functions

to Trifluoroacetic Acid. Eur. J. Soil Sci. 2022, 73 (4),

No. e13266.Chen et al. Environ. Sci. Technol. 2018, 52 (15), 8263– 8271

• ECHA REACH dossier: long term No observable effect 

concentration (NOEC)  0.83 mg/kg soil (plant shoot growth)

• TFA readily bioaccumulates in plants/shoots from soil 

• Effects on the soil pH, microbial respiration, bacterial 

abundance and litter decomposition were reported at TFA 

concentrations in soil in hotspots (0.0013–2.4 mg/kgdw), 

above this problems related to TFA acidity can occur.

• Soil concentrations at TFA hotspots already exceed these 

concentrations which decrease soil quality

• Lack of long exposure studies on terrestrial and 

agricultural systems

Soils / terrestrial

ecosystems

Jan Kopřiva



TFA biomagnifies to spiders in terrestrial 
food webs

Gkika et al. Environment International 215 (2026) 110439 



Technological and cost limitations

Scheurer et al. (2017). Water research, 126, 460-471.

Legacy PFAS

0.02-0.20 €/m3

Emerging Scenario (with 

brine destruction)

5-10 €/m3

• TFA removal from water is Reverse Osmosis followed 
by Supercriticial water oxidation (ca 8 €/m3 )

ca. 100 billion € /year 

+ all water synthetic 

+ huge impact from green house gas emissions

+ Infrastructure upgrade not realistically plausible

Upscale to all water from 

PFAS contaminated sites



Costs of removal in the EU using 

best available technology (BAT)

Legacy Scenario Emerging Scenario

Targeting long-chain 

PFAS

Targeting all PFAS, 

including TFA

Heavily contaminated soils 1-5 B  €/year 5-30 B  €/year

Drinking water 0.2-0.7 B €/year 16-65 B €/year

Landfill leachate 0.0004-0.01 B  €/year 0.02-0.7 B  €/year

Wastewater effluent Not included 20-70 B  €/year

Wastewater sludges to 

agriculture

Not included 8-20 B €/year

The EU costs of PFAS removal 

increases it spreads

Legacy scenario (e.g. EFSA PFAS): 

• Health costs by 2050 (costs of inaction): 438 billion €  

(European Commission, 2025) 

• Remediation (next 20 years): 38 - 100 billion €

Emerging Scenario (with TFA)

• Remediation (next 20 years): : €2 trillion €



Planetary Boundary Threat of Persistent Synthetics

TFA, PFAS, Plastic 

emissions

Disturbances to the «homeostasis» or of earth 

processes. Exceed this, Earth would leave the 

Holocene where humans evolved.

Conditions for novel entities:1,2

Condition 1: pollution disrupts a vital earth 
system process of which we are ignorant. 
TRUE: impacts at hotspots occur now, ignorant 
of impacts from life-long intergeneration 
exposure (ignorant)

Condition 2: disruptive effect is not discovered 
until …manifested at a global scale
TRUE: Concentration increases globally

Condition 3: impacts are poorly reversible 
because level of global pollution cannot be readly
reduced
TRUE: Stockpiles of sources exist and degrade 
slowly. Most PFAS and TFA and many plastics 
we emit will exist in water for the future of earth 1. Persson et al. Environ. Sci. Technol. 2013, 47 (22), 12619– 12622

2. MacLeod et al. Science 373,61-65(2021)

Impacts persist even after phase-out 

due to latency. What will the severity 

be?



Confronting the threat persistent synthetics



Toxic-Free Heirarchy





Solution to F-gases used as refrigerants

Refrigerants and 

blowing agents

Fifth generation of F-gases in the Montreal Protocol can be free of TFA precursors

Petter NEKSÅ 

DOI: 10.18462/iir.gl2024.1295 

Full conversion to natural refrigerants -

Feasible and likely to happen? 



Solution to TFA from Pesticides and Pharmaceuticals

• Biodegradable, non-fluorinated drugs an 

active area of «green pharmacy» innovation

• Evaluate switching to PFAS free alternatives 

when recommending medications



When two treatments give the same patient 
outcomes, choose the most enviornmentally 
friendly one

Propofol anasthesia has 

minimal GHG impacts and 

no PFAS pollution compared 

to isoflurane and 

sevoflurane





Updtaed Prioritized PFAS monitoring 
lists and recommended thresholds

• TFA included in surface water regulation (max 2.2 µg/L)

• 43 PFAS included for monitoring in EU Soil Monitoring and 

Resilience Directive

• Need clarity on national thresholds

Link: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32026L0805 

Environ. Sci. Technol. Lett. 2026, 13, 862−864



New PMT/vPvM substances on the SIN List



Toxic-Free Heirarchy



Remove at source, rather than 
downstream

• PFAS/PMT emission monitoring and 
removal should be focussed on 
industrial sites and hotspots and 
landfills

• More downstream is more inefficient

https://lavialibera.it/it-schede-2139-

pfas_in_europa_40_anni_di_inquinamento_ma_il_profitto_vin
ce_su_tutto

Lo stabilimento Miteni di Trissino, in provincia di Vicenza (Foto 

Federico Bevilacqua)



“Pyrolysis solves the issue with organic 
contaminants in sewage sludge”1

1) Buss (2021) ACS Sust Chem. Eng. https://doi.org/10.1021/acssuschemeng.1c03651

2) Moško et al (2021) Chemos https://doi.org/10.1016/j.chemosphere.2020.129082   

Figure: Buss (2021) ACS Sust Chem. Eng. 

https://doi.org/10.1021/acssuschemeng.1c03651   

Boiling points deciding factor →

volatilized or decomposed2

Is this really true for PFAS and 
other persistent contaminants?



Pyrolysis and soil pollution 

Large number PFAS contaminated soils, including 

agricultural areas
24.09.2026

The virtuous cycle                                              

pyrolysis

biochar 
amendment

phytoremediation



Step 1: Plant Uptake of PFAS 
(Phytoremediation)

24.09.2026 34

Adu et al. (2023) J. Haz. Mat.130805 https://doi.org/10.1016/j.jhazmat.2023.130805 

Mei et al. (2021) Env. International. 106642 

https://doi.org/10.1016/j.envint.2021.106642

NGI field trial at a PFAS factory site in 

Belgium



Pyrolyisis to 
mineralize 
> 96% of 
PFAS

Source: Sørmo et al (2023) JHazMat

Photo: 

NGI



No biochar 

PFOS leached in less than 1 year

With Biochar

PFOS immobile in soil for > 100 years

24.09.2026 36

Hubert et al, J Haz Mat 2025

Step 3: Field testing of biochar



Repeating the cycle to turn contaminated land to arable land 



How to confront the threat of persistent synthetic substances

All you need is love 

and regulatory clarity to:

▪ Focus preventing uses associated with 

emissions and circular management routes

▪ Identify persistent substances producing at the 

largest volumes and posing the most risk  uses

▪ Remediate at the point of emissions and hot 

spots with sustainable methods rather than 

downstream
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What about plastics?



Plastic as an entity associated with chemicals 
and changing soil microbiology

Collaboration with Yang Song

 Institute of Soil Science, Chinese Academy of Sciences



Link to neurotoxicity with TFA-binding to 
proteins (differently than acetic acid)



Commodity vs Functional plastics
Commodity Plastics 

• Materials with high volume, low cost, high 
reuse,

• Increase design and sorting criteria for 
mechanical recycling

• easily mechanically recyclable/reusable like 
steel, glass, etc.

Functional Materials Plastics 

• Additives are essential for a specific technical 
function; Bauhaus design would permit only 
essential ones.

• High-chance of being outside of circular economy 
if cannot be reused (safely)

https://silverspurcorp.com/hdpe-vs-pet-plastic-bottles/
Creator: Joaquin Traverso Traverso | Credit: Shutterstock

Copyright: Copyright (c) 2022 Joaquin Traverso Traverso/Shutterstock
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