Separation and quantification of microplastics in green waste compost
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Biological treatment of organic waste, mainly green waste, into fertilizers and their application to agricultural land
is a common practice that promotes the return of nutrients to the soil and increases soil fertility. However, green
compost can potentially be a source of microplastics and contributes to their release into the environment.
Microplastics in green compost are mainly formed due to the incomplete decomposition of bio- and oxo-
degradable waste disposal bags (Markowicz & Szymanska-Pulikowska, 2019). In addition, accidentally caught
plastic waste breaks down during the mechanically pre-treatment of green waste such as shredding and sieving
and turns into microplastics. Post-treatment of compost, such as sieving, can significantly reduce but never wholly
remove microplastics (Weithmann et al., 2018).

Weithmann et al. (2018) investigated large (1-5mm) microplastics in several organic fertilizers after the
biological treatment of organic waste. According to their investigation, microplastics amount varies from 0 for
fertilizer after energy crop digestion till 895 particles per kilogram dry weight in commercially available fertilizer
from a second biowaste digester. Braun et al. (2020) found that compost application to agricultural fields goes
along with plastic loads of 84,000 to 1,610,000 plastic items ha™* a™* or from 0.34 to 47.53 kg plastic ha a®. The
presence of microplastics in the soil after compost application was confirmed by Watteau et al. (2018).

This work aims to develop a general algorithm for microplastics quantification in green compost samples
and determine the concentration of microplastics in real green compost samples.

For this investigation, green compost samples were taken from the Alytus MBT facility. The primary
substrates for this compost production are wood, biodegradable garden and park waste collected from city Alytus
and neighboring regions. Green waste is composted in long rows (windows) due to the technological process's
simplicity and cheapness. Ready compost is used for agriculture purpose.

The needed weight of samples is varied between studies (Prata et al., 2018). For the presented
investigation, the weight of the dry compost sample was 20 g. As microplastics are polymer particles with the
largest dimension, ranging from 1 um to 5mm (Duis & Coors, 2016), samples were sieved using 5 mm sieves and
then 1 mm sieves. Microplastics from fraction 1-5 mm were extracted manually. Particles were identified as
microplastics visually based on color and shapes, and FTIR analysis was used for polymer type determination.

For a fraction less than 1 mm, the first step was removing organic matter that may embed microplastic by
Fenton’s reagent, the safest for microplastics method. The next step was density separation. For proper
microplastic separation, it is essential to choose a solution with an appropriate density. Microplastics have different
densities, some of them, like PP or PE, have even a lower density than seawater (1.10 g/cm3). In comparison,
microplastics, such as PET or PVC, have a density around 1.40 g/cm™ or greater than that, so different solutions
are used to separate them from samples (Mai et al., 2018). For this investigation, the potassium formate solution
was used (Zhang et al., 2016). The supernatant fractions were then vacuum filtered.

For microplastic identification and quantification, Nile Red dye was used. In order to correctly identify
microplastics, filters should not present fluorescence when stained. Prata and others (2019) tested different filters
and recommended using glass fiber or PCTE filters when using Nile Red staining dye protocols. Therefore, for the
current investigation, glass fiber filters were used. Filters were stained with Nile Red solution and then observed
under the fluorescent microscope. Fluorescent particles were photographed with a microscope camera and then
measured in the ImageJ.

On average, compost samples contained 5733 + 850 (mean+SD) plastic items kg dry weight. Most
microplastics (about one third) had sizes from 100 to 200 um and were films, which probably means that they
were formed due to the incomplete decomposition of disposal bags. The amount of microplastics in green compost
is difficult to compare with other studies due to the difference in approaches to measuring the amount of
microplastics and the accuracy of methods. For example, Weithmann et al. (2018) measured the concentration of
large microplastics, while small microplastics were not studied. Zafiu et al. (2020) analyzed the amount of
microplastics up to 0.63 mm in size and measured the amount by weight.

Nowadays, the amount of microplastics larger than 2 mm in ready compost is covered by the new European
Fertilisers Regulation. According to the new regulation, compost should not contain impurities larger than 2 mm,
such as plastics and inert materials, more than 0.5% of dry weight. Large microplastics from green compost
samples were weighed, and their concentration did not exceed 0.5%. Therefore, green compost from the Alytus
MBT meet requirements about inert materials in the compost. However, current requirements do not concern
amount of microplastics smaller than 2 mm and their effects on our environment.

Little know nowadays about microplastics effects. However, the last investigation mentioned that
microplastics can change soil biophysical properties, including soil aggregation, bulk density and water holding



capacity (Machado et al., 2018; Wan et al., 2019), effect on earthworms, be absorbed by plant roots (Rilling et al.,
2019) and migrate within food webs.

Conclusion.

Terrestrial emissions of microplastics have different sources, and organic fertilizers are one of them.
Current practice for separate collection of green waste allows getting a very suitable substrate for clean bio-
compost. According to the investigation, the amount of large microplastics (1—5) in green compost, which is used
for agriculture purposes, meets all requirements.

However, current EU requirements about impurities in compost do not consider small microplastics.
Studies of both small and large microplastics have shown an average concentration of microplastics 5733 + 850
plastic items kg dry weight.
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