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Editorial 

The Interna*onal PFAS Congress on 04 February 2025 in Milano – Italy is a very important Scien*fic 
and Technical Event for Management Solu*ons of Environmental and Health Risks and Impacts by 
PFAS Pollu*on and Contamina*ons in Materials, Waste & Waste Waters, Soil, Groundwater, Surface 
Waters, Drinking Water and Air. 
 
APer the first 3 edi*ons held in Paris, WEBS -World Event Business Solu*on- with the scien*fic 
direc*on of HPC Interna*onal and Erica Srl,  thought it appropriate to organize the event in Italy, a 
territory with great sensi*vity on the topic. 
 
The latest edi*on of the interna*onal congress on PFAS welcomed par*cipants from around twenty 
European countries and from across the Atlan*c. An influx that reflects the keen interest of the 
global scien*fic and industrial community in PFAS and the omnipresence of these compounds in the 
environment, thus raising numerous ques*ons about their toxicity and the strategies to be 
implemented to mi*gate their impact. 
 
Italy has been strongly affected by this issue and PFAS are subject of strong debates due to the 
widespread pollu*on, especially of the Po River and in a specific area of the Veneto Region. 
In this edi*on, in addi*on to the general framework in the regulatory context, diffusion in the 
territory and impact on health, wide space will be given to technologies, both in terms of studies and 
pilot projects, as well as case histories of industrial plants built and opera*ng.  
The interven*ons are selected by HPC and Erica. 
 
HPC Interna*onal all over Europe (HPC AG Group since 1948 with HPC Italia in Milano), has enabled 
the realiza*on of bold projects: from Site Inves*ga*ons, Risk Assessments and Remedia*on of 
contaminated soils, water & air and the specializa*on in innova*ve and cost-effec*ve in-situ-
treatment Technologies (microbiological & biochemical Remedia*on), up to independent 
governmental and private industry Research Projects (R&D), always with sustainability in mind. 
The company develops solu*ons for soil recycling in environmental consul*ng and infrastructure 
planning as an engineering company. It works interdisciplinary, interna*onally and with engineering 
precision. 
 
Erica Srl, is an established and reliable company in the management and treatment of industrial 
waste in Italy. Exper*se, op*miza*on, efficiency and savings are the essen*al points of this reality. 
Since 2017, Erica has also been involved in research, in par*cular in the iden*fica*on of new 
technologies for the reduc*on of emerging pollutants and has obtained 3 patents for the PFAS 
Remover technology, specifically for the reduc*on of PFAS in landfill leachate. 
 
 
 
 
 



 
 
 
New Scien*fic Knowledge and technological Solu*on Strategies are shared with scien*fic, technical 
and legal Experts, as also with Company and Corporate Management Chairs, concerning: 
 

• Legal development in Interna*onal, European and Italian PFAS and Environmental 
Regula*ons, 

• Toxicological PFAS up da*ng and interna*onal State-of-the-Art Health Risk Assessments on 
TERQ Basis (Toxicological Exposure Risk Quan*fica*on), 

• Site use specific and Pollutant Cocktail specific Defini*on of Remedia*on Goals for 
transparent elimina*on of non-acceptable toxicological Risks, 

• Material, Soil and Water inves*ga*on Strategies concerning PFAS Contamina*ons, 
• Iden*fica*on and Differen*a*on of PFAS Contamina*on Sources by use of PVA and MVA-AI 

(Poly Variant Analysis and Poly Vector Analysis on Ar*ficial Intelligence Basis) for 
Iden*fica*on and Differen*a*on of technical and legal Responsibility and Liabili*es, 

• Innova*ve and improved PFAS-Treatments and technical Remedia*on Strategies and 
Technologies of Wastewater, Groundwater, Soil etc. under special Focus concerning new 
approaches and technological approaches from Interna*onal and Italian Industry and 
Research Ins*tutes and Corpora*ons, 

• Future technological, legal and financial tendencies. 
 
 
 
Dr. Frank KARG / HPC INTERNATIONAL SAS & Edoardo SLAVIK / ERICA s.r.l. 



 

 

 
Legal disputes over PFAS in Italy: the need for regulatory framework 

 
ANGELO MERLIN, Director of the Second-Level University Master’s Program in 
"Sustainable Environmental Remediation and Remediation of Contaminated Sites," 
University Ca' Foscari of Venice, Criminal Lawyer specializing in Environmental 
Criminal Law, President of ASSORECA 

 
 
The most severe groundwater contaminations have historically been caused by 
industrial activities, particularly discharges from facilities that handle and/or 
produce chemicals, or by leaching into aquifers from illegal, often buried waste 
deposits. 
This paradigm also applies to groundwater contaminations caused by per- and 
polyfluoroalkyl substances (PFAS).  
In Italy, monitoring conducted by public control bodies revealed in 2013 a serious 
PFAS pollution affecting surface water bodies and groundwater in the province of 
Vicenza. 
Subsequently, the Public Prosecutor’s Office of Vicenza (Veneto Region) launched 
a criminal investigation into what was labeled “the largest PFAS contamination in 
Europe”. 
This investigation initiated a criminal trial in which fifteen defendants faced serious 
charges related to public health endangerment and environmental damage. 
The trial is expected to conclude with a verdict by the beginning of summer 2025. 
A similar investigation was carried out by the Public Prosecutor’s Office of 
Alessandria (Piemonte Region), involving two executives of a major multinational 
company for environmental disaster due to negligence. They allegedly failed to 
comply with the obligation to remediate previous PFAS pollution of the aquifer 
under their production site. 
This contamination worsened over time due to the company’s failure to contain the 
release of these substances into the environment. 
The Italian judicial controversies have not been limited to criminal charges and have 
also involved administrative justice. 
Administrative courts have evaluated the legitimacy of certain regulations imposed 
by a regional authority, including those aimed at establishing PFAS discharge limit 
values and procedures for identifying responsible parties in the case of PFAS-
contaminated sites. 
These judicial proceedings clearly highlight the absence of specific regulations in 
Italian law regarding the environmental impacts that companies may cause by 
releasing PFAS substances. 
This regulatory gap concerns both the management of industrial wastewater 
discharges and the remediation of contaminated sites, creating significant 
confusion among public and private operators who instead need to work within a 
context of legal certainty. 
While awaiting legislative action on emissions of per- and polyfluoroalkyl 
substances into the environment through discharges, it is crucial for politics and  
 
 



 

 

 
science to reestablish the relationships necessary for creating effective “technical 
regulations” on environmental and ecosystem protection. 
These relationships, as is often the case, must not be left to chance dynamics or 
contingent approaches to solving problems that garner significant media or 
emotional attention. Worse, they should not be subjected to the power dynamics 
that may arise within the realms of science or politics. 
Determining quantitative risk levels associated with the use and exposure to PFAS 
substances must be addressed from a global and shared perspective. For example, 
this could involve promoting the European-level development of "best available 
techniques" to reduce PFAS in discharges. 
This issue involves the broader problem of acceptability and, fundamentally, how 
we aim to achieve the community goal of a "high level of environmental protection" 
within the framework of the overarching objective of "sustainable development". 
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Identification and Differentiation of PFAS Contamination Sources in 
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Abstract: 
 

In cases of large-scale groundwater contamina4on with PFAS, several different PFAS 

sources are o=en involved, which have mixed together in contamina4on plumes. In order to 

determine the respec4ve contamina4on propor4on of the various PFAS sources, these 

sources must be iden2fied and differen2ated. With the help of specific target analyses, based 

on an AI-MVA (Mul4-Vector Analysis with ar4ficial intelligence) and PVA (Poly Variance 

Analysis), it is determined which PFAS products are involved (AFFF firefigh4ng foams from fire 

incidents, fire training zones, airports, hydraulic oils, surfactants from fluoropolymer 

produc4on, galvaniza4on, landfills, etc.).  
 

 
Fig. 1: Principles of PFAS Source Differen4a4on between AFFF and non-AFFF Sources. 
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Fig. 2: Typical PFAS Contamina4on Source Clusters in different Groundwater Samples 

 

 

Fig. 3: Different PFAS Standard Chemical Spectrums (Cluster Radars) of commercial PFAS 
Products. 
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The AI-MVA or PVA is based on the experience of over 800,000 PFAS analyses from 

Western Europe and the USA, the mul4-mathema4cal considera4ons of chemical PFAS 

analysis and a constantly growing database of the individual monomer spectra of commercial 

PFAS products.  

 

 
Fig. 4:  Parameters for AI-MVA or PVA contamina4on Source differen4a4on of PFAS. 

 

This is par4cularly important in order to iden4fy the various PFAS sources in order to 

define the necessary cost distribu4on of management and remedia4on costs in accordance 

with the share of responsibility. This approach is par2cularly important for Court exper2se, 

for authori2es, for Insurance Companies and for Industries in order to be able to remediate 

groundwater (and soil) PFAS contamina4on in a transparent, fair and sustainable manner and 

to allocate the necessary financial resources to the various responsible par2es. Examples of 

this come from the USA, Switzerland, Germany and France (south of Lyon in the Rhône Valley 

and at airports). 
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Fig 5a: PFAS Iso-concentra4on mapping of groundwater contamina4on. 

 

  
Fig. 5b:  PFAS Contamina4on Source Différencia4on in Groundwater. 
 

The AI-MVA (& PVA) PFAS Contamina4on Source Differen4a4on shows in the 

example of Fig. 5a & b) Impacts from different AFFF, former Galvaniza4on Ac4vi4es, 

Surfactants from Fluoropolymer produc4on and Landfill Leachates. 
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AI-MVA (mul4-vector analysis based on ar4ficial intelligence) can be used to 

differen4ate and determine individual PFAS source responsibili4es in mixed PFAS 

contamina4on groundwater plumes much be^er. This is an innova4ve method that is 

constantly being further developed using machine learning and is also supported by the state 

CNRS as an HPC Interna4onal research project in coopera4on with SORBONNE in France. This 

R&D project is already being used in some cases for larger mixed PFAS groundwater 

contamina4ons in France, Germany, Switzerland and Italy, but is subject to constant R&D 

development. 
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Environmental and human health risk assessment for PFAS management 
Beatrice Cantoni, Junior-Assistant Professor 

Department of Civil and Environmental Engineering, Environmental Sec>on 
Politecnico di Milano (Italy) 

Technical Summary 

 
 
Introduc3on 
Per- and polyfluoroalkyl substances (PFAS) are a group of synthe>c chemicals extensively used for their water- 
and grease-resistant proper>es. Their persistence in the environment, bioaccumula>on poten>al, and toxicity 
have earned them the name "forever chemicals", presen>ng significant challenges to environmental and 
public health. This speech addresses the cri>cal aspects of PFAS risk management, emphasizing 
environmental and human health risk assessment frameworks to guide regulatory and technological 
interven>ons. 

Environmental and Health Implica3ons 
PFAS contamina>on pathways include industrial and municipal wastewater, stormwater runoff, and direct 
discharge into aqua>c ecosystems. These chemicals are ubiquitous in water systems, impac>ng surface water, 
groundwater, and potable water. Their adverse effects include ecotoxicity and chronic health risks such as 
cancer, immune suppression, and developmental issues, with long-chain PFAS being par>cularly concerning 
due to their higher toxicity and bioaccumula>on proper>es.  

An overview of the regulatory trends will be provided, with updates on evolving global standards for 
acceptable PFAS levels in different compartments. In fact, regulatory agencies, such as the EU and USEPA, are 
progressively lowering permissible PFAS levels in drinking water and other environmental compatments to 
mi>gate these risks. 

Risk Assessment Approaches 
Effec>ve PFAS management requires shiSing the focus from merely measuring concentra>ons to 
comprehensively evalua>ng the associated risks. Concentra>ons alone do not provide sufficient insight for 
op>mal decision-making, as they fail to account for the varying toxicity of individual PFAS. While the risk 
assessment, overcomes this limita>on by comparing environmental concentra>ons to toxicity thresholds. 

To address PFAS challenges effec>vely, a shiS from determinis>c to probabilis>c risk assessment frameworks 
is necessary. Probabilis>c risk assessment approaches are crucial, as they incorporate uncertain>es inherent 
in environmental exposure and toxicological data. Probabilis>c models offer a more robust framework for 
predic>ng risk, enabling decision-makers to priori>ze interven>ons. Seasonal and geographic factors further 
influence risk variability, necessita>ng localized assessments.  

A key advancement in this area is the ability to assess PFAS mixtures by weigh>ng the concentra>ons of 
individual PFAS according to their rela>ve toxicity. This method, oSen referred to as the Rela>ve Potency 
Factor (RPF) approach, ensures that the cumula>ve risk reflects the combined impact of each PFAS present, 
rather than trea>ng them as equivalent. For example, while some PFAS may be present at low concentra>ons, 
their high toxicity can s>ll pose significant health or environmental risks. Conversely, less toxic PFAS might 
require less stringent mi>ga>on efforts even at higher concentra>ons. This risk-based approach supports 
more effec>ve resource alloca>on and tailored interven>on strategies. 

Management Strategies 
Mi>ga>ng PFAS risks requires a dual approach: source control and advanced treatment technologies. 
Preven>ve measures include phasing out long-chain PFAS in industrial processes and subs>tu>ng with less 
harmful alterna>ves. However, short-chain PFAS, though less toxic, are more challenging to remove due to 
their hydrophilicity. 
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At the treatment level, adsorp>on using granular ac>vated carbon (GAC) has proven effec>ve, par>cularly for 
long-chain PFAS. Pre-treatment with ozona>on enhances GAC performance by reducing organic ma[er that 
competes for adsorp>on sites. In wastewater, ozona>on followed by adsorp>on can significantly lower PFAS 
concentra>ons, though short-chain PFAS may persist. 

Pilot studies and full-scale monitoring have highlighted the importance of tailored solu>ons based on water 
matrix characteris>cs. For example, combining macroporous and microporous carbons in a lead-lag 
configura>on improves the removal efficiency of diverse PFAS compounds.  

Moreover, it is important to develop effec>ve monitoring tools, to offer cost-effec>ve proxies for tracking 
PFAS breakthrough and op>mizing treatment processes. 

Future Perspec3ves 
Effec>ve PFAS management requires an integrated approach encompassing regulatory advancements, 
technological innova>on, and public awareness. Con>nuous research is vital to develop cost-efficient and 
scalable solu>ons, par>cularly for short-chain PFAS. Cross-sectorial collabora>on is essen>al to implement 
sustainable prac>ces and minimize PFAS releases across the water cycle. 

In conclusion, PFAS risk assessment and management are dynamic fields requiring adap>ve strategies. By 
aligning scien>fic insights with policy and opera>onal prac>ces, we can mi>gate environmental and health 
risks, protec>ng water resources for future genera>ons. 
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Toxicological Health Risk Assessment in Case of oral, dermal and 
Inhalation Exposure of PFAS (TERQ: Toxicological Exposure Risk 

Quantification and definition of site use specific Remediation Goals – 
International State-of-the-Art 
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(France & Germany) 
frank.karg@hpc-International.com  +33 607 346 916 

 
 

Abstract: 
 

PFAS are known for their poly-toxic effects as endocrine disruptors, hepatotoxicity, 

neurotoxicity, nephrotoxicity, carcinogenicity and their bioaccumula?on.  In the case of PFAS 

contamina2on in groundwater and soil, a transparent Health Risk Assessment should be 

carried out using TERQ (Toxicological Exposure Risk Quan2fica2on) in order to determine site 

specific Remedia?on Goals in such a way that no unacceptable toxicological risks of mul2-

substance contamina2on are permiGed. Around 9 000 – 15 000 PFAS are known… 
 

This is ensured on the basis of comprehensive toxicological dose-effect rela2onship 

values (including RfDs, RPFs, URs, etc.), the risk assessment of all pollutant groups with the 

same "mode of ac2on" (or the same toxicological target organs and mechanisms of ac2on).  

 
Fig. 1: Bio-transforma2on of poly-fluorinated PFAS (6:2-FTAB, 6:2-FTS) into vola2le FTOHs and 

stable perfluorinated PFCAs. 
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In the mul2-substance assessment, almost all exis2ng poly-fluorinated PFAS are also 

integrated using an innova2ve approach, so that the toxicological effects of (if present) 

hundreds to thousands of PFAS (but also other pollutants) can be taken into account 

holis2cally.  

 
Fig. 2: Transforma2on of poly-fluorinated PFAS into the final per-fluorinated PFCAs (per-

fluoro- carboxylic acids) via the Top Assay.  This permits to consider also the totally of 
poly-fluorinated PFAS in the Health Risk Assessment via the final products of bio-
transforma2on. 

 

Vola2le PFAS are also included in soil gas and indoor air, such as FTOH (fluorotelomer 

alcohols), which can also be bio-transformed into perfluorinated PFAS. Project examples 

include in Germany and France, as well as schools and kindergartens that are located on soil 

and/or groundwater PFAS contamina2on.  

 

Based on the MOA approach to risk assessment of all pollutant groups with the same 

"mode of ac2on" (or the same toxicological target organs and mechanisms of ac2on), TERQ 

(Toxicological Exposure Risk Quan2fica2on) can ensure a transparent assessment for hazard 

preven2on to determine remedia2on goals in such a way that no unacceptable toxicological  
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risks of mul2-substance contamina2on are permiGed. In the mul2-substance assessment, 

almost all exis2ng per- and poly-fluorinated PFAS are integrated using the Top Assay, so that 

the toxicological effects of hundreds to thousands of polyfluorinated PFAS can be taken into 

account holis2cally in their final per-fluorinated form (PFCAs) and also other pollutants. 

 

 
Fig 2: Example of Exposure Pathways for the Exposure Scenario : “Residen2al Site use”. 

 

Vola2le PFAS in soil gas and room air are also included, such as FTOH (fluorotelomer 

alcohols), which can s2ll be bio-transformed into per-fluorinated PFAS. Project examples 

include in Germany and France, as well as schools and kindergartens that are located on soil 

and/or groundwater contamina2on. 

 

The Fig. 3 shows toxicological Dose-Effect Rela2onship values for some PFAS 

Compounds, to be used for the TERQ Health Risk Assessment. 
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Fig. 3: Examples of some toxicological Dose-Effect Rela2onship values for some PFAS 

Compounds, to be used for the TERQ Health Risk Assessment (TRD: Toxic Reference 
Doses). 

 

Vola2le PFAS in soil gas and room air are also included, such as FTOH (fluorotelomer 

alcohols), which can s2ll be bio-transformed into per-fluorinated PFAS. Project examples 

include in Germany and France, as well as schools and kindergartens that are located on soil 

and/or groundwater contamina2on. 

 
 

The Fig. 4 shows scien2fic selec2on criteria for choosing the most relevant 

toxicological Dose-Effect Rela2onship values (or TRD: Toxic Reference Doses). 
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Fig. 4: Scien2fic selec2on criteria for choosing the most relevant toxicological Dose-Effect 

Rela2onship values (or TRD: Toxic Reference Doses). 
 

The following Fig. indicates the way of Exposure Dose quan2fica2on in case of oral 

exposure pathways. Other exposure pathways to be evaluated are Inhala2on and skin contact. 

 

 
Fig. 5: Exposure Dose quan2fica2on in case of oral exposure pathways. 
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The Calcula2on types of Health Risk Quan2fica2on in Fig. 6 show how to quan2fy 

health Risks with Dose Limits (non-cancer systemic Risks) and without Dose Limits (for ex. 

Cancer Risk). 

 

 
 

Fig. 6: Quan2fica2on of Health Risks with Dose Limits (non-cancer systemic 
 Risks) and without Dose Limits (for ex. Cancer Risk). 

 
 

Ader the toxicological Heath Risk Quan2fica2on via TERQ, transparent results are 

obtained to iden2fy acceptable (RI < 1 and ICR < 10-5) or non-acceptable Risks (RI > 1 and ICR 

> 10-5). In case of non-acceptable Risks,  site specific Remedia2on Goals (Concentra2on Limits) 

must be defined for acceptable risks, for example concerning Soil, groundwater, Surface 

water, Drinking Water and Foodstuff, if needed. The Fig. 7 shows an example of site specific 

Remedia2on Goal Exceeding in soil. 

 

This approach is needed for defini2on of technical & economical Remedia2on needs 

and costs to ensure in total transparency the elimina2on of all non-acceptable health Risks. 
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Fig. 7: Example of site-specific Remedia?on Goal Exceeding in soil for determina?on of to 

be remediated Risk zones. 
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PFAS: A constantly evolving analy3cal challenge 

Do#. Chim. Francesco Stante, Chief of Chemists and CEO 
Laboratori Chimici Stante srl (associated with ASSORECA) 

francesco@labstante.com 

 

'Perfluoroalkyl and polyfluoroalkyl substances', abbreviated as PFAS, are a large group of substances 
containing one or more fully fluorinated carbons and include thousands of chemical compounds with widely 
varying physical and chemical properJes, health and environmental profiles, uses and benefits. These 
substances are used in the manufacture of products and addiJves in innumerable sectors. 

PFAS are receiving increased a#enJon from regulatory authoriJes due to their persistence and 
(eco)toxicological profile, as well as their widespread use and consequent ubiquitous presence. It has been 
said that there are more than 15,000 PFASs, but also people familiar with the subject can only name a few 
dozen. 

The environmental persistence of PFASs is linked not only to the strength of the carbon-fluorine bond, one of 
the most energeJc single bonds in organic chemistry, but above all to the reduced ability of microorganisms 
to degrade, and in parJcular to defluorinate, the fluorinated chains. This results in a very high environmental 
persistence of that molecules, originally introduced into the environment, which contains the carbon-fluorine 
bond. Moreover, unlike most POP's, their high solubility in water increases their mobility in the environment 
and their amphiphilic properJes at high concentraJons increase their ability to aggregate into micelles.  

The analyJcal complexity, therefore, lies not only in the high number of per- and polyfluorinated compounds 
(around 15,000) but especially in the extreme variability of chemical forms they can take in the environment. 

The most widely used analyJcal techniques for the determinaJon of the most commonly used compounds 
(the perfluoroalkylcarboxylic and perfluoroalkylsulphonic acids from C4 to C13) are now well established and 
formalised in official ASTM, EPA, ISO etc. methods. These methods, however, are or can be extended to the 
determinaJon of sulphonated fluorotelomers, amides and aceJc acids with some specific instrumental 
opJmisaJons.  To date, there are about fiZy poly or perfluorinated compounds that can be analysed. The 
number of compounds that can be analysed in accordance with ISO 17025 is constrained by the availability 
of cerJfied reference standards and surrogates/labelled compounds on the market. 

The largest difficulty in the determinaJon of target compounds is the regulatory framework, which is aimed 
at reducing the legal limits more and more. This trend leads to the need to apply increasingly refined 
instrumental techniques combined with essenJal concentraJon techniques in order to achieve the necessary 
sensiJvity results. One of the fundamental problems is that, at concentraJons around ppb and below, some 
of the analytes become ubiquitous and, in addiJon, determinaJons must take into account possible losses of 
analytes during sampling, enrichment and instrumental analysis. 

The most challenging matrices are groundwater, drinking water and wastewater due to the remarkably low 
regulatory limits (oZen below ppt) and landfill leachate, liquid and solid wastes due to the considerable 
amount of interferents contained in these complex matrices.  These characterisJcs do not allow their 
concentraJon with the same methods used for ‘lighter’ matrices and adversely affect the performance of  

The tendency of PFASs to degrade into shorter PFASs has led laboratories to search for specific methods for 
Ultrashort PFAS, which have a number of carbons of three or less. They must be determined by means of 
chromatographic columns that differ from those used up Jll now for ‘classical’ PFAS. There are currently no 
official methods for these compounds, but it is possible to determine them with sufficient accuracy.    

A French regulaJon provides for the determinaJon of absorbable organic fluorine (AOF) in addiJon to certain 
target PFASs, in wastewater that become from companies with a high environmental impact. In these cases 
the technique is chromatographic analysis preceded by combusJon of the sample (combusJon ion 



chromatography CIC) and it is under constant development. This technique may prove useful in the evaluaJon 
of those samples in which the determinaJon of target compounds could result in an underesJmaJon of the 
content of per- and polyfluorinated substances. 

Another EC CommunicaJon presents the dosage of EXTRACTABLE organic fluorine (EOF), together with target 
measurements of PFAS and trifluoroaceJc acid (TFA), for the measurement of PFAS compounds that are 
present but cannot be dosed directly. 

These two techniques, together with the TOP Assay, are part of the un-target analysis techniques and are 
useful for invesJgaJng the possible presence of compounds that can be traced back to PFAS, by analogy of 
structure even aZer degradaJon. The biggest challenge is that of the limits of quanJficaJon, which are not 
low enough to measure appreciable values in some applicaJons and are oZen subject to high environmental 
background values. 

An increasingly pressing need is the dosing of PFASs in the air matrix. Indeed, it has been observed that some 
molecules of this class can be carried by the wind and deposited in locaJons other than the producJon site. 
To date, there are a number of air sampling devices suitable for the adsorpJon of certain classes of PFAS, 
which can speed up and improve (thermal) desorpJon and instrumental analysis. 

Another requirement is to determine PFASs in the emissions of sewage sludge incineraJon faciliJes, in order 
to assess their abatement capacity. 

The methods currently in use focus on the ability to capture pollutants using techniques that vary according 
to the polarity and chemical-physical characterisJcs of the pollutants. The different extracJon and 
determinaJon procedures come from the exisJng methods described above. In fact, to date, the analyJcal 
techniques used for PFAS analysis range from liquid chromatography to GC-MS, used for example for the 
analysis of volaJle and/or apolar compounds. 

 

        

 



Never Say Forever:  
Unlocking the Poten6al of Ac6vated Carbon for PFAS Removal and Destruc6on 

Speaker: Dr. Annemie Houben, R&D Manager, Desotec 

annemie.houben@desotec.com 

 

Abstract:  

Per- and polyfluoroalkyl substances (PFAS) are a pressing global challenge due to their persistence in 
the environment and adverse health effects. DESOTEC, an internaLonal environmental services 
company, provides sustainable mobile filtraLon soluLons based on acLvated carbon, a proven and 
effecLve method for PFAS removal from liquid and gaseous streams. Recognized as a Best Available 
Technology (BAT) under the Stockholm ConvenLon (March 2021), acLvated carbon offers a versaLle 
and robust approach to addressing PFAS contaminaLon. 

AcLvated carbon’s effecLveness stems from its highly porous structure and extensive surface area, 
enabling strong adsorpLon of PFAS molecules. However, the performance of any acLvated carbon-
based filtraLon system depends on several criLcal parameters: 

• Ac*vated carbon characteris*cs: The source material, acLvaLon process, and resulLng pore 
structure, surface chemistry, and specific surface area of acLvated carbon influence adsorpLon 
capacity and selecLvity for PFAS. These characterisLcs allow selecLon of the appropriate 
carbon type for specific applicaLons while maintaining cost-effecLveness. 

• PFAS concentra*on and chemical proper*es: The chemical structure, size, charge, and 
hydrophobicity of PFAS molecules can influence their adsorpLon onto acLvated carbon. Longer 
chain PFAS compounds, such as perfluorooctanoic acid (PFOA) and perfluorooctanesulfonic 
acid (PFOS), are generally more easily adsorbed than shorter chain PFAS compounds such as 
perfluorobutanoic acid (PFBA). 

• Contact *me and filter design: EffecLve PFAS removal requires extended contact Lmes 
compared to other contaminants. By selecLng the appropriate filter, or combining two or more 
filters in series, adequate interacLon between the carbon and PFAS-laden water is ensured. 

• Water Matrix Composi*on: Parameters such as pH, ionic strength, and the presence of 
compeLng organic or inorganic compounds significantly impact adsorpLon efficiency. For 
example, elevated pH levels or compeLng ions can reduce PFAS removal unless carefully 
managed. 

• Filter Configura*on and Monitoring: To miLgate challenges like delayed analysis results (oZen 
requiring 5–10 days), DESOTEC recommends a dual-filter system in series. This configuraLon 
ensures any breakthrough at the first filter is captured by the second, guaranteeing complete 
PFAS retenLon. 

Beyond filtraLon, DESOTEC provides a comprehensive service encompassing filter takeback and 
rigorous adherence to regulatory standards. Saturated acLvated carbon undergoes detailed analysis to 
quanLfy PFAS content, ensuring compliance with the Persistent Organic Pollutants (POP) direcLve. This 
direcLve specifies strict limits for PFOS, PFOA, and Perfluorohexanesulfonic acid (PFHxS) 
concentraLons on spent carbon eligible for thermal reacLvaLon, guaranteeing both regulatory 
alignment and operaLonal integrity. To address the limitaLons of tradiLonal measurement methods, 
DESOTEC collaborated with VITO, a leading independent research insLtute, to develop an advanced 
extracLon and analysis methodology for accurate PFAS quanLficaLon on spent acLvated carbon. This 



methodology enhances reliability and regulatory compliance, giving operators confidence in their 
waste management pracLces. 

Once spent carbon is assessed, and meets all acceptance criteria, it is processed through thermal 
reacLvaLon, an environmentally sustainable soluLon. During reacLvaLon, under the right condiLons, 
PFAS molecules are destroyed through pyrolysis, converLng them into inert compounds while 
regeneraLng the carbon for reuse. DESOTEC’s research, using extensive analyLcs, demonstrates PFAS 
below detecLon limit on the reacLvated carbon, and in the stack gasses further supporLng this circular 
economy approach. In parallel, the flue gas treatment systems integrated into our reacLvaLon faciliLes 
neutralize mineralizaLon byproducts such as hydrogen fluoride, and sulfur dioxide ensuring safe and 
compliant operaLon throughout the process. This is further evidenced by conLnuous monitoring of 
stack emissions. 

This presentaLon will explore the interplay of these factors in opLmizing PFAS removal and destrucLon 
using acLvated carbon. We will discuss the parameters influencing adsorpLon performance, the dual-
filter approach, and the advanced PFAS measurement technique developed with VITO. AddiLonally, we 
will share detailed findings from our reacLvaLon research, demonstraLng the efficacy of PFAS 
destrucLon and the environmental advantages of carbon reuse. Through these insights, DESOTEC 
underscores its commitment to delivering sustainable, effecLve soluLons to one of the most criLcal 
environmental challenges of our Lme. 
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In the last decades, the solid waste generation is continuously rising due to socioeconomic and 

demographic factors. Despite efforts to increase the recycling of urban waste, landfilling is still 

a widely used disposal technique in many countries. Within landfills, waste undergoes a number 

of physical, chemical and biological processes and releases a variety of pollutants within the 

landfill leachate, making this matrix one of the most difficult to treat. In landfill leachate 

perfluoralalkyl substances (PFAS) have also been found. These micropollutants have  great 

relevance in the context of the urban integrated water cycle since they are present in many daily 

uses in the civil and industrial fields. PFAS exposure is linked to a range of health effects, 

including developmental disorders, liver damage, immune system disruption, and an increased 

risk of certain cancers. The persistence of PFAS in the environment exacerbates the hazard, as 

their bioaccumulation in the food chain can lead to prolonged human exposure. 

The treatment of medium-age landfill leachates containing different PFAS levels was 

investigated at laboratory scale by employing several set-ups including an innovative biological 

step, performed by a SBBGR (Sequencing Batch Biofilter Granular Reactor), with or without 

ozone enhancement, followed or not by a polishing stage with Advanced Oxidation Processes 

(AOPs) based on photo-electro-catalysis, electrochemical oxidation or photolysis with excimer 

lamps. Objectives of the investigation were to compare different treatment strategies in order 

to evaluate the effectiveness of the treatment schemes in terms of gross parameters and PFAS 

removals.  

SBBGR is an innovative biological technique which allows to transform the existing 

activated sludge in a particular kind of sludge made up of biofilm and granules bounded in a 

plastic porous material. This configuration allows reaching very long sludge retention times 

(SRTs), longer than 300 days, thus reducing sludge production (up to 8 times). The high SRTs 

enable enrichment of slow growing microorganisms and forces biomass to use unusual 

substrates (e.g., PFAS). Furthermore, the particular structure of the biomass (i.e., a mixture of 

biofilm and granules) favours PFAS absorption on biomass.  

Depending on the treatment scheme and based on target analysis, the total PFAS 

removal ranged between 19% and 71%, with complete removal of some of the target 

compounds such as PFOA, PFHpA, PFHXs and 6,2-FTS. However, given the complex 

chemical composition of the leachates, the authors suggest further evaluation of the 

effectiveness of the tested treatment schemes based on Top Assays, AOF and EOF analysis. 
 

Keywords: Landfill leachate, PFAS removal, SBBGR, PEC, sludge reduction, ozone, 

electrochemical oxidation, photolysis 
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Founded in 1935, TDK Corporation pioneered the commercialization of ferrite, a critical material for 
electronic and magnetic products. This innovation laid the foundation for TDK's enduring commitment to 
material science and technological advancement. Over the years, TDK has strategically expanded its 
technological capabilities and market reach through targeted acquisitions, always with the goal of 
eventually capturing the complete value chain. 
The aim of this presentation is to guide the audience through the innovation journey of TDK, from the 
early days of commercialization of ferrite to where the company stands today. The talk will briefly guide 
the audience through the decision-making process behind this growth path, as well as how these decisions 
ultimately led to the creation of SUIKI, a PFAS remediation start-up in the making.  
To best present this journey, the talk is divided into three sections: 

1. TDK's Legacy of Innovation and Strategic Acquisitions 
2. Commitment to Sustainability and Emergence of SUIKI 
3. SUIKI Development journey and Technological Innovations 

 
Tapping into the social responsibility and environmental stewardship of TDK, SUIKI came out as a top 
supported idea of the internal start-up incubator ideation, and since late 2023 SUIKI has been an internal 
project at TDK, focusing on technology development for PFAS remediation (starting from PFAS destruction 
using electrochemical oxidation). Leveraging the material expertise and large-scale production capabilities 
of TDK, as well as the robust supply and customer chains, SUIKI aims to disrupt the PFAS market through 
fast and focus technology development, and to ultimately provide engineered solutions for different PFAS 
contamination scenarios. 
 
To present the journey of building a PFAS remediation company, we will delve into key learnings and pains 
identified from the market through reach-out activities conducted with the purpose of conducting a 
comprehensive analysis of the market. As part of that process, a deep dive into the regulatory landscape 
was performed, and major fragmentation observed. Therefore, we will touch on how different regulations 
may affect PFAS technology development speed and investment potential, and why it is important to 
approach every stream or project independently, and why one single technology will never be enough to 
address PFAS pollution. With that, we will present example streams from the environment, comparing 
the PFAS profiles of the different streams (several landfill leachate streams, industrial wastewater, 
firefighting foam), highlighting the importance of utilizing synergies between different treatment 
processes to be able to address the wide spectrum of different PFAS commonly found in environmental 
streams, as well as the highly varying flowrate treatment needs of the different stakeholders. Additionally, 
common practical challenges with the different water matrices and co-contaminants (to PFAS) will be 
presented from the perspective of an electrochemical oxidation solution. 
Finally, we will discuss the technology development efforts at SUIKI, presenting selected preliminary 
results from conducted feasibility studies and what we have learned from them. We will further discuss 
the expected byproducts considering the literature suggested degradation mechanisms and delve into the 
mass balancing needs of the market and problems encountered when attempting to close the mass 
balance (e.g. presence of complexing agents for released fluoride). 
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Per- and polyfluoroalkyl substances (PFAS) are a group of organofluoride compounds (> 10000) of antropic 
origin finding a large number of industrial and commercial applications [1]. Most of PFASs present in the 
environmental matrices are not biodegradable, show high mobility and bio-accumulate in animals, plants 
and humans causing several acute and chronic diseases [2]. Conventional treatment schemes (biological, 
chemical and physico-chemical processes) are ineffective toward PFASs. Photoelectrocatalysis (PEC) is a 
powerful advanced oxidation process [3], which is here applied to achieve PFAS remediation in groundwater 
of the Veneto region, where a well-known PFAS contamination is present. Groundwater was collected from 
a well located in the Vicenza province, Veneto Region (Italy), where a dramatic PFAS contamination of the 
aquifer was detected. The total initial concentration of the monitored PFASs was about 870 ng/L. PEC tests 
were performed in a laboratory-scale reactor fully described elsewhere [4]. As a benchmark, photolysis (PL) 
tests were also performed using the same reactor. 

PEC tests were carried out at using different lamps (P1, P2 and P3). In Figure 1. Sum of PFAS as a function of 
the contact time at different lamp power (P1, P2, P3) during PEC and PL tests (a) and removal percentage of 
the individual species after 600 min of contact time (b). a, the sum of PFAS as a function of contact time is 
shown. After 600 min, PEC allowed the reduction of the total PFAS concentration by 65% (P1), 72% (P2) and 
46% (P3). As shown Figure 1b, the removal percentage for the individual PFAS species was in the range 0-
20% (PFBS), 70%-100% (PFOS), 50%-76% (PFBA), 45%-58% (PFPeA), 48%-82-% (PFHxA), 0%-76% (PFHpA) and 
70%-94% (PFOA), depending on the operation conditions. Among the analyzed compounds, only PFBS was 
not (P1) or scarcely (P2 and P3) affected by PEC treatment.   

Erreur ! Source du renvoi introuvable. 
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Figure 1. Sum of PFAS as a function of the contact time at different lamp power (P1, P2, P3) during PEC and 
PL tests (a) and removal percentage of the individual species after 600 min of contact time (b).  

A preliminary evaluation of the PEC operation expenses was done on the basis of the Electrical energy for 
order (EEO). Based on the EEO values on PFOA degradatio, the operation costs of PEC was in the range 86 to 
25 kWh.m-3 depending on the lamp power. Based on literature data, in selected experimental conditions PEC 
is competitive with the less energy-consuming techniques, i.e. plasma treatment (28 kWh.m-3) and advanced 
reduction processes (24 kWh.m-3) [5].  
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The EU LIFE CASCADE project (Closed-loop wAter Systems in tex&le industrial distriCts: orchestrAteD rEmoval 
of emerging pollutants from tex&le wastewater) (EU Call LIFE-2022-SAP-ENV) aims to develop analy&cal 
procedures and wastewater treatment technologies to detect and remove the two most cri&cal categories of 
emerging micropollutants for the tex&le sector: Microplas&cs (MPs) and poly- and per-fluorinated substances 
(PFAS).  

The project, coordinated by Centro Tessile Serico Sostenibile (CTSS), involves research laboratories of different 
universi&es and organiza&ons (Politecnico di Milano, Università degli Studi dell’Insubria, Università degli Studi 
di Brescia, AquaSoil, AcquedoYo Industriale, Biochemie, CITEVE, COMO ACQUA, De Nora, Lariana Depur, 
ZDHC) with world-class exper&se in the management of pollutants in wastewater (WW). 

The implementa&on of the treatments will reduce the discharge into the environment of these 
micropollutants both from the treated wastewater and from the sewage sludge and will allow the reuse of 
the treated wastewater. 

The output of the project includes three layers: standardized and mul&-lab validated analy&cal protocols to 
detect and quan&fy PFAS and Microplas&cs contaminants in heterogeneous tex&le wastewaters (WW); a 
modular set of WW treatment units to be installed at factory- and central treatment plant levels; a risk-based 
methodology to support the design and implementa&on of the best combina&on of treatment modules 
according to the tex&le district configura&on and WW characteris&cs. 

The project also foresees deepening an evalua&on of the ecotoxicity of treated WWTP effluents and the 
response of the macrobenthos community to PFAS and MP presence. 
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Background 
An assessment from the Danish Regions esHmates that there are over 15.000 sites potenHally contaminated 
with PFAS in Denmark.  

Contaminated sites are invesHgated at different levels of detail.  AddiHonally, there is uncertainty about the 
role of diffuse PFAS content in industrial areas that originate from numerous smaller sources. 

 
Aim 
There is an immediate need for a systemaHc and scienHfically grounded methodology that enables risk 
assessment at PFAS sites. Even though the available knowledge on PFAS fate and transport may be 
incomplete.  

The purpose of this project is to introduce a set of guidelines for the risk assessment of PFAS findings in 
groundwater at sites where a thorough PFAS focused invesHgaHon is not possible. The guidelines aim at 
poinHng out “insignificant” PFAS sites, hence focusing future invesHgaHon and efforts at sites that pose a 
greater risk. 

 
Conclusion 
Data analysis from 1500 sites has examined trends in PFAS findings for different industries. Data is used to 
forecast the expected source strength and verHcal PFAS distribuHon for a site belonging to a specific industry. 
Furthermore, it showed that several smaller industrial sites, such as dry-cleaners, have levels of PFAS 
contaminaHon that typically pose no significant risk to groundwater resources. Three approaches to risk 
assessment are then presented depending on how well PFAS contaminaHon at a site is characterized. 
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Perfluoroalkyl substances (PFAS) consJtute a large family of syntheJc chemical compounds. These are 
substances containing carbon-fluorine bonds, among the strongest chemical bonds in organic chemistry. PFAS 
consist of a fully (per) or parJally (poly) fluorinated carbon chain linked to several funcJonal groups. 
Their peculiar chemical structure makes PFAS parJcularly resistant to chemical reacJons, heat and abrasion 
or fricJon, and gives the materials that contain them non-sJck properJes, thermal resistance and 
impermeability to both water and oils. 
 
The high industrial use of these compounds, the presence of the C-F bond which makes their natural 
degradaJon by biological agents, oxidizing agents or photolysis difficult, combined with their solubility in 
water, have led to water contaminaJon at global.  
The primary way PFAS enter the environment is through manufacturing processes, industrial discharges, and 
the use and disposal of products containing them. 
 
Landfill leachates are a potenJal source of PFAS contaminaJon because of waste placed over the years 
especially sewage sludge highly contaminated by these compounds. 
 
ARPA Veneto carried out specific monitoring of landfill leachates from 2014 to 2016 to evaluate the type and 
concentraJon of PFAS present. 
Based on the results of the monitoring carried out, the Veneto Region has established provisional limits for 
PFAS for clean water before discharge into surface waters, for wastewater purificaJon plants and for liquid 
waste treatment plants. 
 
GEA S.r.l. ladfill has undertaken a series of collaboraJons with leading companies dealing with water 
purificaJon aimed at idenJfying the best technology (BAT) or a combinaJon of the best technologies suitable 
for treaJng dirty and complex matrices such as leachates unJl the provisional limits set for discharge into 
surface waters from the Veneto Region. 

The market technologies evaluated for the removal of PFAS were the following:  

a) chemical oxidaJon processes, 

b) chemical-physical adsorpJon processes (mainly on CA), 

c) physical separaJon processes on membrane under pressure or evaporaJon. 

Not all of these processes are really applicable to landfill leachate and with requested removal yields. In 
general, the choice of the most suitable removal technology took into consideraJon aspects such as: 

• the high stability of C-F type bonds (high energy bonds) which determine high chemical and thermal inerJa, 

• the concentraJon of other polluJng ''substances'' present in the liquid matrix whose presence contributes 
to influencing or interfering with the treatment process, 

• the variability of molecular weights (so that we refer to long-chain or short-chain PFAS), 
 
 



 
• the high solubility values for some PFAS (parJcularty PFOA and PFOS) which determine a greater affinity of 
PFAS for the aqueous phase than for the air matrix. 
 
Due to these consideraJons, GEA Srl has idenJfied the reverse osmosis (RO) process as BAT for the treatment 
of landfill leachate. 
The reverse osmosis (RO) process through the implementaJon of a triple-stage plant, in addiJon to the 
removal of PFAS, determines the removal of other pollutants present in the leachate with the producJon of 
a permeate consisJng of completely purified water and a concentrate to be sent for thermal destrucJon. 
The plant engineering soluJon choice by GEA Srl, in addiJon to achieving the purificaJon performances 
required for PFAS by the Veneto Region, also consider environmental sustainability aspects such as: 
 
• maximize the recovery of fundamental resources such as water, 
• reduce the quanJJes of waste produced (sludge, concentrates) to be sent for final disposal (thermal 
destrucJon), 
• promote the use of renewable energy: residual heat, electricity from biogas, etc. 
 
For this purpose, an evaporaJon system was inserted downstream of the reverse osmosis (RO) to reduce the 
quanJty of concentrate to be sent to final disposal.  
 
The GEA Srl leachate treatment plant was authorized with Veneto Region Decree no. 75 of 9 November 2018 
and became operaJonal in april 2021. 
 
In the plant, the leachate ader a preliminary mechanical filtraJon phase (sand filter and cartridge filter) is 
treated in a triple-stage RO secJon. 
The permeate of the third stage of osmosis has analyJcal and microbiological characterisJcs suitable for 
discharge into surface water or for its reuse in other landfill management operaJons. 
The concentrate exiJng from reverse osmosis is sent to the triple-effect vacuum evaporator. 
 
The evaporator is made up of 3 effects (boilers). The latent heat of condensaJon of the first effect is 
transferred to the second which feeds the third and final effect. 
The reverse osmosis (RO) concentrate enters the boiler of the third effect to end up in the first (counter-
corrent flow). 
The disJllate is sent back to the second stage of reverse osmosis (RO) while the super-concentrate is sent to 
the storage tank and sent to thermal destrucJon according with UE direcJve. 
 
The super-concentrate represents 8% of the ini3al leachate, while the permeate equal to 92% of the ini3al 
leachate is made up of water which is re-introduced into the environment. 
 
The whole plant is powered by electricity and heat obtained from landfill biogas (renewable source). 
 
The combinaJon of these factors leads to the GEA Srl leachate treatment plant being idenJfied as a concrete 
example of eco-sustainable technology. 



Environmental solu/on for PFAS Remover:  
Effec/ve and sustainable direct removal from wastewater and landfill leachates 

Julik Zanellato, Depura - Tea Group (Italy) 
 

Per- and polyfluoroalkyl substances (PFAS, acronym for PerFluorinated Alkylated Substances) are syntheDc 
chemical substances, a cause of great concern due to their environmental persistence, bioaccumulaDon 
potenDal and harmful impact on human health. These compounds (around 5,000 molecules) have been 
included in the category of "Emerging Contaminants", as although present in the environment in very low 
concentraDons, they also cause great concern due to the difficulDes encountered in aMempDng to remove 
them. Due to their intensive use and their ability to pass from one matrix to another, they can be present in 
various types of aqueous soluDons, and in parDcular the highest concentraDons of PFAS are found in landfill 
leachates, as over Dme, various materials contaminated and/or composed of these substances have 
accumulated in landfills.   The removal of PFAS from leachates is therefore a significant problem for 
environmental contaminaDon and human health. Since 2017, monitoring campaigns aimed at detecDng the 
presence of PFAS in leachates have been carried out by various subjects and in over 50% of cases the 
concentraDon of PFAS exceeded 50,000 ng/l. 

In this case study we want to bring the experience of what has been achieved by Depura srl, TEA Group, in 
CasDglione d/SDviere, as an example of an industrial soluDon to directly remove PFAS from leachates in an 
environmentally sustainable way, through the creaDon of a treatment plant consisDng of 2 pairs of 2 granular 
acDvated carbon filters in series, 2 mineral acDvated carbon filters (secDon 1A and 1B) and 2 vegetable 
acDvated carbon filters (secDon 2A and 2B) complete with internal distribuDon network and diffusion nozzles. 
The combinaDon of the two types of coal, in fact, represents the best soluDon for the treatment of landfill 
leachate for the removal of PFAS with long chain and short chain carbon atoms. This system has been 
specifically designed for the abatement of PFAS which, being a parDcularly varied family of compounds, 
requires treatment on different carbons. Furthermore, this soluDon allows the efficiency of the system to be 
opDmized, because it makes it possible to completely exhaust the carbon used and allows the by-pass of one 
of the filters in the secDon when maintenance is required. 

The soluDon created, i.e. adsorpDon on granular acDvated carbon (GAC), is today the most used process on a 
global scale for the removal of PFAS from contaminated water. 

The system soluDon, which came into operaDon in January 2024, made it possible to obtain these results: 

1. treatment always effecDve in reducing PFAS compounds (removal > 80%_ C8 and C6/C4); 

2. thanks to the filters in series, the maximum possible reducDon is guaranteed in all condiDons; 

3. it is possible to reverse the logic of the filters (the first filter in the series can also funcDon secondly, this 
arrangement allows the carbon to always be completely exhausted without compromising the quality of the 
wastewater at the outlet; 

4. Coal replacement operaDons use pneumaDc loading to be quick and easy. 

The long-term performance depends on the degree of saturaDon of the GAC filters, which is why Depura srl 
and the TEA Group are now commiMed to managing this new technology by collecDng, day ader day, with the 
utmost commitment, the results of the treatments carried out on liquid waste special non-hazardous 
products which, as well as being posiDve, are environmentally sustainable.  

The redevelopment of the CasDglione d/SDviere plant with the integraDon of a secDon for the removal of 
PFAS into the exisDng treatment plaeorm was possible thanks to a long process of collaboraDon, dialogue 
and sharing with the territory and Mantua insDtuDons. The plant now boasts the most innovaDve technology 
that respects the most recent industry standards and includes solid operaDng processes that make its acDvity 
safe for humans and the environment. Our Group's almost thirty years of experience in the management of 
environmental systems consDtutes a further guarantee for the territory. 



This technology was born ader a long journey of studies and insights with our partners Erica srl and STA srl, 
experiments with a pilot plant in the field, data analysis and conDnuous discussion with insDtuDons, 
universiDes and research bodies. The objecDve has always been to idenDfy the best technology that would 
allow the reducDon of PFAS in landfill leachates thanks to an economically and environmentally sustainable 
soluDon." 
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