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Summary 

ZeroPM, which stands for Zero Pollution of Persistent, Mobile Substances, is a 5 year 
long European research project funded under the Horizon 2020 research and innovation 
program. Within ZeroPM, the work package 2 (WP2) focuses on assessment of 
alternatives to persistent and mobile (PM) substances, and per- and polyfluoroalkyl 
substances (PFAS). The first task of WP2 (Task 2.1) is to build a database of potential 
chemical and functional alternatives to PFAS and other persistent and mobile substances 
(so called PM substances). The present deliverable (Deliverable 2.1) primarily provides 
a description of the work undertaken for this task.  
 
First, a method to identify chemical alternatives to PM substances used in cosmetic 
products was developed by following the functional substitution approach as defined by 
Tickner et al. (2015)15. The work related to this case study has been published in a 
scientific journal (see Annex I). This method was then generalised to identify chemical 
and functional alternatives to PFAS for all their identified uses, and to build a database 
of potential alternatives to PFAS. The first version of this database is already available 
on the ZeroPM website (https://zeropm.eu/alternative-assessment-database/) and on 
Zenodo (https://zenodo.org/records/10852739). Since the initial version, the database 
has been continually updated and improved and a publication describing and analysing 
the database has been drafted for submission to a scientific journal (see Annex II). The 
identified alternatives were evaluated and compared by following different chemical 
alternatives assessment (CAA) methods to determine if viable alternatives to PM 
substances and PFAS are available (see Annex IV). Non-essential uses of those 
substances were then identified based on the availability of suitable alternatives (see 
Annex III).   
 
In this deliverable, only pre-existing alternatives assessment methods were used to 
identify viable alternatives. In a second CAA case study on the use case of fluorinated 
gases as foam blowing agents in insulation materials, a novel method is being developed 
to compare alternatives based on their hazard profile, technical performance, and other 
environmental impacts along their life cycle. This work is only briefly described in this 
D2.1 but will be elaborated on further in Deliverable 2.4 (Novel methodologies for 
alternatives assessment for PFAS and other PM substances) and Deliverable 2.5 
(Alternative assessments for selected use cases of PFAS and PM substances). 
 
  

https://zeropm.eu/alternative-assessment-database/
https://zenodo.org/records/10852739
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Box 1. Elements of the Functional Substitution Approach 

 
In the case study on PM substances used in cosmetic products, only the chemical 
functions provided by the substances of concern were considered to identify only 
chemical alternatives. Potential alternatives were identified by using the CosIng 
database: https://ec.europa.eu/growth/tools-databases/cosing/16. It was assumed that any 
substances registered in the CosIng database as providing the same function as the 
substances of concern could be a potential chemical alternative (see Annex I). 
 
Regarding PFAS, the database which has been developed provides information on the 
chemical functions, end-use functions and functions as service delivered by PFAS in 
all their identified uses. This information can be used to identify potential functional 
alternatives. Figure 2 presents an overview of the structure of the database. Detailed 
information on the method followed and on the source of the information is provided in 
the Annex II. 
 

Chemical function: The chemical function is the actual technical function of the substance 
of concern, generally determined by its physico-chemical properties. In the database, the 
chemical function was defined following the OECD internationally harmonised functional, 
product and article use categories (OECD, 2017). 
 
End-use function: The end-use function specifies the specific purpose provided by the 
substance of concern in a product or process. In other words, what does the substance of 
concern bring to the product or process. 
 
Function as service: The service relates to the broad service provided by the substance of 
concern in a product or process. In other words, what are the services provided by the 
specific end use of the substance of concern. 
 

https://ec.europa.eu/growth/tools-databases/cosing/
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Box 2. Disclaimer for usage of the ZeroPM Alternatives Assessment Database 

 
 
3 Results 

3.1 Overview data of the ZeroPM database 
A total of 1697 individual substances defined as PFAS were identified in the database, 
out of which 1453 have a CAS number. Table 1 presents an overview of the number of 
identified uses as well as the number of functions provided by PFAS. The database 
contains 18 different use categories of PFAS, which are sub-divided into 85 sub-uses 
and 325 applications.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Disclaimer: We do not state that all alternatives listed in the database are technically 
feasible for all applications, but we hope to provide a convenient tool for users to search 
and sort information on uses of PMT and PFAS, and their potential alternatives to guide 
companies in their substitution activities. Essentially, it will serve as a starting point for 
deeper analysis, including by members of ZeroPM. We believe it is the responsibility of 
users of the database to further assess whether the alternatives can be suitable for their 
particular products or processes. 

Furthermore, we do not provide an in-depth hazard characterisation of the alternatives at 
the moment, so we cannot confirm that the alternatives listed in the database are safer 
than PFAS. However, in future iterations it will be linked with the ZeroPM database, 
which will contain information about the persistence and mobility of alternatives. There 
will nevertheless be clear disclaimers that further assessment on the potential 
alternatives should be done by the user of the database to avoid potential regrettable 
substitution. 
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Table 1 Overview numbers on uses of PFAS included in the database, and the functions they provide 

Use categories Sub-
uses 

Applications Technical 
functions 

End-use 
functions 

Services 

Active pharmaceutical ingredients 
(API) 

2 14 1 24 21 

Biocides (BP) 1 4 1 4 4 
Building and construction products 
(Build.) 

9 17 14 18 30 

Consumer mixtures (Consu.) 7 15 7 15 12 
Cosmetic products (Cosm.) 5 32 9 12 6 
Electronics and semiconductors 
sector (Elec.) 

3 29 17 22 37 

Energy sector (Energy) 9 19 17 19 24 
Firefighting foams (FFF) 1 5 1 1 3 
Fluorinated gases (F-gases) 7 29 8 14 27 
Food contact materials (FCM) 2 4 4 4 9 
Industrial production (Indust.) 8 28 12 18 11 
Lubricants (Lubr.) 3 42 11 13 19 
Medical products (Med.) 6 21 14 18 29 
Metal plating and metal products 
manufacture (Metal) 

2 4 8 10 14 

Petroleum and mining (Minig) 2 9 10 13 15 
Plant Protection Products (PPP) 1 6 3 7 5 
Textile, upholstery, leather, 
apparel, and carpets (TULAC) 

7 20 11 15 21 

Transport sector (Transp.) 10 27 16 24 45 
Grand Total 85 325 39 131 201 

 
In total, 530 potential alternatives to PFAS were identified, including 162 alternative 
substances, 163 alternative materials, 128 alternative products, 37 alternative processes 
and 40 alternative technologies. Figure 3 presents an overview of the number and the 
type of the alternatives to PFAS which were identified for each use category. For the 
specific case of PFAS used as ingredients in cosmetic products, it has been considered 
that any substance listed in the CosIng database with the same function as PFAS could 
be considered as a potential alternative. Similarly, any substance with a similar function 
as PFAS in the biocide and plant protection products databases27,28 were considered as 
potential alternatives to PFAS used in BP and PPP, respectively. A similar approach was 
taken to identify alternatives to PFAS used as API: any substance with the same code as 
PFAS in the anatomical therapeutic chemical classification and defined daily dose 
(ATC/DDD) system from the World Health Organization (WHO) Collaborating Centre 
for Drug Statistics Methodology29 was considered to be a potential alternative. However, 
due to the very high number of substances, and the high uncertainty related to the 
suitability of the alternatives, they are not listed in the present form of the database. (see 
Annex II).  
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Table 2 Final ranking of the chemical alternatives to PMT substances used in cosmetic products following 
three different MCDA methods (extracted from Annex I) 

 
 
Figure 4 presents the potential for each alternative to PFAS to be a regrettable substitute 
within each use category. In total, 186 alternatives could be evaluated, of which 10 are 
already restricted, or about to be restricted, and were considered as regrettable 
substitutes. 58 of the evaluated alternatives were identified as of potential concern by 
some stakeholders, and further assessment should be made to determine whether they 
are better options than PFAS from an environment and human health standpoint. 130 
alternatives are not listed in the Substitution Support Portal, which indicates that they 
have not raised concern yet. Thus, they were considered as low risk for regrettable 
substitution. However, work would be needed to fully characterized their hazard profile 
to ensure that they are indeed safer than PFAS (as done in Annex I). 
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Figure 4 Potential for regrettable substitution 

 
Unfortunately, such assessment could not be performed for the majority of the identified 
alternatives to PFAS because they are not identified by a CAS number.  This should be 
the focus of further work. 
 
3.3 Suitability of the identified alternatives 
In total, 194 potential alternatives to PFAS were identified to be technically and 
economically viable, out of which 58 could be potentially safer than PFAS. On the other 
hand, 17 of the identified potential alternatives have already raised some safety concerns. 
Figure 5 presents an overview of the number of applications for which PFAS can be 
phased-out because suitable alternatives are already available based on the information 
provided in the database on the performance of alternatives (compared to PFAS) and 
their availability on the market. For 28 applications out of the 40 where suitable 
alternatives are available, the identified alternatives are likely to be safer than PFAS 
from both a human health and environmental standpoint. All the data used to reach these 
conclusions is available in the supplementary information of Annex II.  
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Figure 5 Substitution potential of PFAS based on the availability of suitable alternatives 

 

The full list of suitable alternatives to PFAS is provided in Annex IV, together with their 
hazard characterization (if available). 

 

3.4 Identification of non-essential uses of the substances of 
concern 

Non-essential uses of PM substances and PFAS were identified based on the availability 
of safer alternatives (see Annex III). Table 2 lists all the identified non-essential uses of 
the case study PM substances used in cosmetic products based on the information above, 
and Table 3 lists the identified non-essential uses of PFAS based on the information 
available in the database.  
Table 3 Identified non-essential uses of PMT substances used in cosmetic products (See Annex I) 

Substance of concern (CAS 
number) 

Use description 

Allura Red  
(CAS: 25956-17-6) 

Cosmetic products to colour a surface (e.g. lipstick; hair spray; make-up) 

Benzophenone-4  
(CAS: 4065-45-6) 

Various cosmetic products (e.g. Sun cream; Shampoo; Hand care; Make-
up) 

Climbazole  
(CAS: 38083-17-9) 

Antidandruff shampoo 
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Table 4 Identified non-essential-uses of PFAS (See Annex II) 

Use category Applications 

Building and construction products 
Architectural paint and coating 
Coating of wind turbine blades 
Sealants for porous materials, and concrete 

Consumer mixtures 

Aftermarket carpet care product 
Dishwashing products/rinse aid 
Musical instruments 
Windscreen treatments 
Anti-fog agent 

Energy sector 
Production chemicals 
Water and gas tracers 

Food contact materials 
Cookware 
Food & feed packaging 
Industrial food and feed production equipment 

Fluorinated gases 
Domestic, commercial and industrial air conditioning 
Heat pumps for clothes dryers 

Lubricants Consumer products (e.g. music instruments) 

Petroleum and mining 
Production chemicals 
Water and gas tracers 

Textile, upholstery, leather, apparel, and carpets 

Accessories 
Carpets and rugs 
Curtains and blinds 
Footwear 
Indoor and outdoor wear 
Indoor wear 
Leather based goods 
Outdoor wear 
Professional sportswear and footwear 
Sportswear 
Textile based coverings 

 
4 Next steps 

At the time of this deliverable, the alternatives database available on the ZeroPM website 
focuses solely on PFAS. This database will be continuously updated to expand 
information related to the alternatives to PFAS, and to include information on 
alternatives to other PM substances, such as the cosmetics in Annex I. 

 

The purpose of the study was to implement a pre-existing alternative assessment 
framework to identify viable alternatives to PMT substances and PFAS. Further research 
and practice are needed to streamline life cycle assessment needs to integrate life cycle 
impact considerations in decision-making, and to incorporate flexible approaches to 
evaluate potential trade-offs in decision-making given the information available30. At 
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Annexes 



https://pubs.rsc.org/en/content/articlehtml/2023/em/d3em00025g
https://doi.org/10.5281/zenodo.13379963









































































































































































