Understanding functional additives migration from PHA bioplastic blends in water
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Imagine plastics that serve purpose but do not remain in environment for decades.
Polyhydroxyalkanoates (PHAs) offer this possibility. Produced via microbial fermentation, PHAs are increasingly
used as potential sustainable alternatives to conventional plastics because they fully biodegrade in soil and marine
environments, offering a potential to reduce plastic pollution (Dilkes-Hoffman et al, 2019; Hadri et al, 2025). To
improve mechanical performance and processing, additives are often incorporated into the polymer matrix (Maiza
et al, 2016). While many additives in bioplastics are considered non-toxic, their incorporation into the polymer
matrix may not necessarily prevent their release. When additives are physically blended rather than chemically
bonded, they may gradually migrate out of the material over time. Factors such as particle size, surface area can
significantly influence both the rate and extent of this release. Therefore, understanding additive migration is
essential to predict potential environmental exposure and guide safe bioplastic use.

This study investigates additive migration from PHA blends (PHA/T and PHA/A) containing non-toxic
additives in controlled Laboratory experiments simulating water-based release conditions for short (14 d) and
longer-term studies (56 d). Additives T and A are plant-derived and commonly used as plasticizers in food contact
materials, medical devices, and children’s toys. Additive migration was quantified by NMR spectroscopy and the
effect of particle size on migration was assessed.

The results show that one additive (T) migrated rapidly, with >80% released from smaller particle
fractions <425um in 56 days (Figure 1). Importantly, ~15% of additive T remained encapsulated within PHA
matrix even after 56 days. This residual fraction corresponds to regions of PHA where the additive is locked up
and less accessible for migration. In contrast, additive A remained largely bound to PHA particles of the same
size as PHA/T (<425um) as in Figure 1. This comparison emphasizes that additive specific interactions with the
polymer matrix, rather than particle size alone, control migration behavior. Fragmentation can dramatically
accelerate additive release of some additives, highlighting that bioplastics-despite their environmental attributes,
can still be a source of chemical exposure after disposal.

This study provides key insights into additive release from modified bioplastics. Some non-toxic
additives can partially migrate from PHA blends particularly from smaller particles. These findings can help guide
safer bioplastic design and more sustainable waste management strategies. Particle size emerges as a key factor
controlling additive release, offering useful information for both industry applications and environmental risk
assessment.
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Figure 1: Effect of particle size on plasticiser migration rate and extent: Graphs show additive migration (in % of
total) as a function of time with error bars representing + standard deviation (n=3). The figure depicts migration
profile from PHA/T and PHA/A blends, particles of <425 um for both short (14 d) and long-term studies (56 d).
*This work is not yet published. Sample labels are anonymised for confidentiality*.

Key to codes in Figure 1:

PHA/T <425 pum run 1 — PHA with additive T, particle size below 425 microns, experiment | for 14 days.
PHA/T <425 pum run 2 — PHA with additive T, particle size below 425 microns, experiment 2 for 56 days.
PHA/A <425 pm run 1 — PHA with additive A, particle size below 425 microns, experiment 1 for 14 days.
PHA/A <425 um run 2 — PHA with additive A, particle size below 425 microns, experiment 2 for 56 days.
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