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Introduction
Global plastic production has been on the rise since the 1950s. With almost 414 million tonnes (Mt) produced  
worldwide in 2023 (Montoya, 2024), plastic production has increased by nearly 1000% since plastic use first  
became mainstream. In Europe alone, 54 Mt of plastics were produced in 2023, of which just 7.2 Mt were recycled. 
Since the 1950s, only 9% of all plastic waste has been recycled, around 12% was incinerated, and around 79% is  
accumulated in landfills or the natural environment (Geyer et al., 2017). 

This mismanagement of plastic waste has led to the accumulation of plastics in the terrestrial and marine 
environment, which has significant and detrimental environmental, economic, social and health impacts. Between 
4.8 and 12.7 Mt of plastic waste enter the marine environment annually (Jambeck et al., 2015). Terrestrial plastic 
pollution is estimated to be significant but has not been adequately quantified. 

Biodegradable plastics have been proposed as more environmentally sound alternatives to conventional 
plastics for products which have a high risk of ending up in the environment (SAPEA, 2021). Such products 
include agricultural mulching films and plastic-coated paper packaging. In recent years, biodegradable alternatives 
have been emerging on the market.  However,  biodegradation heavily depends on environmental  conditions, 
including temperature,  oxygen availability,  microbiological  activity,  and exposure to ultraviolet  radiation. A 
limited number of standards exist to assess the aerobic biodegradability of plastics in soil. The biodegradability  
tests  described  in  these  standards  are  undertaken  in  laboratory  conditions  using  natural  soils  from  real 
environments such as fields or forests. While the results of these standardised tests can be extrapolated to estimate 
the biodegradation of plastics in real environmental conditions, they are not an accurate measure. Therefore, a key 
point of contention concerns the extent to which biodegradable plastics completely degrade into carbon dioxide, 
water  and  biomass  in  open  environments,  particularly  those  environments  experiencing  extreme  weather 
conditions. Concerns regarding the potential of biodegradable plastics to contribute to the release of microplastics 
in agricultural soils (Hayes, 2021), potentially resulting in ecotoxicological risks (Qin et al., 2021), necessitate the 
in-field study of the extent of their disintegration in real environments, under varying ambient conditions. This is  
the gap that this research aims to fill.

This  paper  presents  work  that  has  been  undertaken  to  identify  the  environments  where  these 
biodegradable  plastics  end  up  as  litter  and  to  develop  and  implement  a  methodological  protocol  for  the 
investigation of the disintegration of biodegradable plastics in real environmental conditions, in soil and aquatic  
environments in varying European climatic zones.

Method
The first step in the implemented method concerned the analysis of cases of uncontrolled waste littering in the 
open environment. Desk-based research into the most recent literature and studies was implemented to understand 
(i) the most frequent types of items/products that are found as uncontrolled waste in the open environment, (ii) the 
main pathways through which they end up there; and (iii) the main open environments where these items are 
found. The aim of this part of the investigation was to help better define the most appropriate environmental  
compartments for the disintegration studies of each of the two products, mulching film and plastic-coated paper 
packaging. 

The second step of the method consisted of the collection and analysis of the existing standards on open 
environment biodegradation of plastics, and the review of literature where similar studies were implemented. The 
literature review focused exclusively on studies where biodegradable plastics were tested in real conditions, in soil 
and/or aquatic environments, over a period of at least 3 months. Combining the outputs of these two steps of the 
method allowed the development of an appropriate and effective protocol for the investigation  of the disintegration 
of biodegradable plastics in the open environment. 

Results and Discussion
The review of uncontrolled littering pathways confirmed that both agricultural mulching films and plastic-coated 
paper packaging are frequently found in terrestrial and aquatic environments, though their occurrence is driven by 
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different  misuse patterns.  Agricultural  soils,  roadside environments,  riverbanks,  and coastal  transition zones 
emerged as the most relevant compartments for in-field disintegration studies.

The review of existing standards demonstrated that no standards exist to assess the open environment 
disintegration of bioplastics in soil (Afshar  et al.,  2023), while only two standard tests exist to measure the 
degradation of plastics in real/field aquatic conditions. The first one is ISO 22766 which describes a disintegration 
test performed in two different marine habitats, sandy sublittoral and sandy eulittoral zones. The second one is ISO 
15314 which describes tests for the degradation and durability of plastic materials floating on the surface of  
seawater or completely immersed in coastal shallow seawater in real field conditions. 

Moreover,  there  is  considerable  variability  in  the  testing  conditions,  measurement  approaches,  and 
reporting practices implemented by recent open environment biodegradation studies. This heterogeneity highlights 
several  methodological  gaps,  particularly  regarding  exposure  duration,  climatic  variability,  and  the  limited 
representation of extreme environmental conditions.

By integrating insights from these reviews, a field-testing protocol was developed. The protocol includes 
criteria for the selection of the sites for open environment plastic disintegration studies, including the selection of  
optimal aquatic and soil environments. It also defines the necessary sample sizes, the number of sample replicates 
depending on the duration of  the study,  and the steps for  sample placement.  The protocol  monitors  plastic  
disintegration by observing sample area and mass loss, as well as the samples’ mechanical strength over time. The 
monitoring frequency, which is dependent on the environment in which the samples are placed, is defined. The  
environmental parameters that must be monitored are also outlined within the protocol: temperature, pH, humidity, 
oxygen concentration, UV exposure and microplastic concentrations are monitored for the investigation of plastic 
disintegration in soil, whereas temperature, pH, oxygen concentration and UV exposure are monitored for the 
investigation of plastic disintegration in aquatic environments.  The framework is designed to be adaptable across 
European climatic zones and to accommodate the differing degradation behaviours of plastic products.

Conclusions
This  work  demonstrates  the  need  for  robust  and  harmonised  methodologies  to  assess  the  disintegration  of  
biodegradable  plastics  under  real  environmental  conditions.  The  identification  of  relevant  environmental 
compartments and the analysis of existing testing approaches allowed the development of a flexible protocol that 
can be applied in diverse European settings.

The  proposed  protocol  provides  a  foundation  for  future  in-field  biodegradation  studies  that  more 
accurately reflect the complexity of open environments. Ultimately, such evidence will be essential to inform 
standards development, improve product design, and guide policy decisions regarding the appropriate use of  
biodegradable plastics in applications with high environmental leakage potential.
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