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Background
 Biodegradation screening and simulation studies are required for 

regulatory assessment of chemicals under frameworks such as 
REACh. Polymers are so far exempted from registration under 
REACh, but this might change with future revisions.

 Existing guidelines for biodegradation testing are designed for low-
molecular weight (LMW) chemicals. For application of these tests to 
polymers, modifications might be necessary due to different 
biodegradation process (Figure 1). 

 Possible modifications of the tests are not limited to technical 
aspects, but also have to focus on the degradation endpoints, which 
might be different to LMW-chemicals. 
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Polymer biodegradation is a two-step process requiring the action of (extracellular) enzymes
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Project structure 
Literature survey and substance selection

 Selected substances:
 Carboxymethyl cellulose (CMC) – synthesis possible by functionalization of OH-groups, 14C-labelled 

chloroacetic acid commercially available. 
 Polyethylene glycol (PEG) of different molecular weight – commercially available – labelling exclusively on the

two terminal monomers

Figure 1: Two step biodegradation process for polymers (adapted from [1]) 

Aim of the project
 The CEFIC LRI ECO64 project tackles these challenges by addressing 

the following objectives:

 Initial literature research to identify relevant water-soluble polymers 
and potential reference compounds, analytical methods and 
potential polymer specific endpoints.

 Selection of suitable polymers that can be synthesized with 14C-
labelled monomers, synthesis optimization and production of the 
materials. 

 Generation of data by for screening and higher-tier simulation tests

 Correlation between chemical structure and biodegradation of 
different polymers in  screening and simulation studies

 Using the specific of the radioactive labeling for exploration of 
additional endpoints beyond mineralization

 Derivation of recommendations for polymer testing.

Biodegradation testing

14C-Substance synthesis

 Synthesis of 14C-CMC with three different degrees of substitution (DS 0.6 and 0.8, 1.2) 
 Slurry synthesis successful downscaled to 1 g, but analysitical tools for DS-characterisation in 

radioactive lab have still to be developed and validated (ongoing work). 

CMC 0.8
PEG 1500

CMC 0.8
PEG 4000

PEG 35000

PEG 4000
CMC 0.6, 
CMC 1.1

CMC 0.8
PEG 1500

PEG
 35000

PEG 4000
PEG 35000
CMC 0.6 
CMC 1.1

Using same inoculum source 

CMC 0.6
PEG 1500

CMC 0.6
CMC 1.1

Using same inoculum source 

CMC 0.8
CMC 1.1
PEG 4000

PEG 35000

 Proposal of stepwise order of different simulation and screening tests, 
starting with polymer variants with expected high degradability

 Endpoints beyond mineralisation will be
evaluated. e.g. changes of molecular weight
distributions (application of SEC coupled to 14C-
detection)

Testing scheme Endpoints
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