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DESCRIPTION
Polystyrene nanoplastics are tiny particles of polystyrene plastic 
that have dimensions on the nanoscale, typically ranging from 1 
to 100 nanometers in at least one dimension. These nanoplastics 
are a subset of the broader category of microplastics, which are 
plastic particles smaller than 5 millimeters. Polystyrene, a 
synthetic polymer made from the monomer styrene, is 
commonly used in various consumer products and packaging 
materials. When these products degrade, either through physical 
wear and tear or environmental processes, they can release 
nanoplastics into the environment. Carboxyl-modified 
polystyrene nanoplastics refer to polystyrene nanoparticles that 
have carboxyl (COOH) functional groups attached to their 
surface. These functional groups can significantly influence the 
behaviors of these nanoplastics in various environments.

Behaviors of carboxyl-modified polystyrene
nanoplastics

Surface charge: The introduction of carboxyl groups imparts a 
negative charge to the nanoplastic surface due to the dissociation 
of carboxyl groups in aqueous environments. This surface charge 
affects the interactions of the nanoplastics with other particles, 
surfaces, and biological entities.

Dispersion stability: Carboxyl-modified nanoplastics may 
exhibit improved dispersion stability in aqueous solutions 
compared to non-modified counterparts. The carboxyl groups 
can enhance interactions with water molecules through 
hydrogen bonding and other interactions, reducing 
agglomeration.

Biological interactions: The carboxyl groups on the nanoplastic 
surface can facilitate interactions with biomolecules and cells. 
These interactions may influence the uptake and toxicity of 
carboxyl-modified polystyrene nanoplastics in biological systems.

Chemical reactivity: Carboxyl groups can serve as reactive sites 
for chemical modifications or functionalization, allowing for the 
attachment of other molecules or polymers to the nanoplastic 
surface. This feature can be exploited for specific applications or 
to modify the properties of the nanoplastics.

Influence on toxicity: The toxicity of carboxyl-modified 
polystyrene nanoplastics may differ from that of non-modified 
nanoplastics. The presence of carboxyl groups can influence the 
interaction of nanoplastics with living organisms, potentially 
affecting their biological responses.

Interaction with surfactants and polymers: Carboxyl-modified 
nanoplastics may interact differently with surfactants and 
polymers compared to non-modified nanoplastics. These 
interactions can influence the stability and properties of 
nanoplastic dispersions.

Potential effects of polystyrene nanoplastics on
aquatic life

Consider the example of zooplankton, essential components of 
marine ecosystems. In their role as filter feeders, zooplanktons 
inadvertently ingest suspended particles from the water, 
including polystyrene nanoplastics. Once consumed, these 
nanoparticles can accumulate within the tissues of zooplankton, 
impacting their feeding efficiency and nutrient absorption. This 
uptake of nanoplastics by zooplankton becomes a critical link in 
the aquatic food web, as they serve as a primary food source for 
larger organisms like fish. As nanoplastics move through the 
food chain, the process of bioaccumulation occurs, potentially 
reaching harmful concentrations in higher trophic levels.

The toxicological effects of polystyrene nanoplastics on aquatic 
organisms can include physical damage, oxidative stress, and 
inflammation, thereby affecting the health and survival of 
individual organisms. This ecological disturbance at the 
individual level can have broader consequences on population 
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specific environment in which they are present. As research on 
nanoplastics progresses, understanding their environmental 
behavior and potential impacts will contribute to the 
development of effective strategies for mitigating plastic 
pollution and safeguarding ecosystems. Increasing public 
awareness about the environmental consequences of plastic 
pollution, including nanoplastics, is essential for promoting 
sustainable practices and waste reduction. Regulatory measures 
and initiatives are being considered to address the release of 
nanoplastics into the environment. Efforts include waste 
reduction strategies, recycling programs, and the development of 
alternative materials.
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dynamics, with potential repercussions for species composition, 
reproductive success, and susceptibility to predation. The 
pervasive presence of polystyrene nanoplastics in aquatic 
ecosystems underscores the need for comprehensive research and 
effective mitigation strategies to address the multifaceted impacts 
on aquatic life and safeguard the health of these delicate 
environments.

CONCLUSION

It's important to note that the behaviors of carboxyl-modified 
polystyrene nanoplastics can be context-dependent and 
influenced by factors such as size, concentration, and the
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