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This research confirmed the impact of microplastics and nanoplastics on freshwater species.
Freshwater systems are closely connected to human habitats compared to ocean ecosystems. People who
consume freshwater plants and animals can gain an understanding of the gravity of the issue.

The research has confirmed the impact of microplastics on the aquatic
environment. Plastic pollution in water ecosystems can disrupt the growth and physiology of both
plants and cyanobacteria. Notably, microplastics influence species interactions, with responses
varying among different species. Extensive exposure studies are necessary to understand the
long-term adaptation of aquatic species to microplastics. While microplastics were not directly
absorbed into plants, their adsorption still affected plant and cyanobacterial physiology. In
contrast, nanoplastics were found to be absorbed into tissues, exerting a significant impact.
Electron microscopy provided evidence of nanoplastics absorption. Therefore, both micro and
nanoplastics in freshwater systems should be regarded as pollutants with profound consequences.



Plastic pollution has become a global issue faced by nearly all countries. Plastics released
into the environment degrade into small particles due to UV rays, physical force, and
biodegradation. Moreover, microplastics (MPs) are intentionally added to consumer products
such as cosmetics, shower gels, and skin scrubbers, as well as industrial products like powder
coatings and emulsion paints. The increased occurrence of cyanobacteria in freshwater
systems is also a global issue driven by eutrophication and global warming. In natural
environments, macrophytes and cyanobacteria maintain a balance, but pollution can
compromise this balance, often leading to the dominance of cyanobacteria. This study aimed
to understand the impact of microplastics on freshwater ecosystems, particularly focusing on
their effects on freshwater macrophytes and cyanobacteria, as well as the interactions
between them. The influences were measured in terms of morphological, physiological, and
photochemical responses.

This research aimed to investigate the effects of microplastics on cyanobacteria, macrophytes,
and their interactions.

(1) The study examined whether the responses of individual species differed from those of
species under allelopathic interactions, thereby testing the deviation of responses.

(2) Considering the emerging concern regarding nanoplastics and their potential for cellular-
level contamination, the research objective was expanded to include nanoplastics to
distinguish their effects.

(3) Furthermore, the study aimed to determine the relationship between microplastic
concentrations and the morphological, physiological, and photochemical parameters of both
species.

(1) Cyanobacterial species Microcystis aeruginosa were exposed to different microplastic
concentrations (0 mg/L, 0.05 mg/L, 0.25 mg/L, 1.25 mg/L, and 6 mg/L) for 7 days, under
controlled conditions. The microplastic adsorption, growth, pigmentation, oxidative stress,
and antioxidant responses were quantified. The different co-relations were checked.

(2) Egeria densa was exposed to different microplastic concentrations (0 mg/L, 0.05 mg/L,
0.25 mg/L, 1.25 mg/L, and 6 mg/L) for 7 days, under controlled conditions. The microplastic
adsorption, growth, pigmentation, oxidative stress, and antioxidant responses were
quantified. The different co-relations were checked.

(3) Microcystis aeruginosa- Egeria densa/Myriophyllum sp. “Roraima” interaction under
different microplastic concentrations (0 mg/L, 0.05 mg/L, 0.25 mg/L, 1.25 mg/L, and 6 mg/L)
for 7 days, under controlled conditions. The growth, pigmentation, oxidative stress, and
antioxidant responses were quantified. The different co-relations were checked.

(4) Microcystis aeruginosa were exposed to different nano-plastic concentrations (0 mg/L,
0.05 mg/L, 0.25 mg/L, 1.25 mg/L, and 6 mg/L) for 7 days, under controlled conditions. The
microplastic adsorption and absorption, growth, pigmentation, oxidative stress, and
antioxidant responses were quantified. The different co-relations were checked.

(5) Myriophyllum sp. “Roraima” exposed to different nanoplastics concentrations (0 mg/L,
0.05 mg/L, 0.25 mg/L, 1.25 mg/L, and 6 mg/L) for 7 days, under controlled conditions. The
microplastic adsorption and absorption, growth, pigmentation, oxidative stress, and
antioxidant responses were quantified. The different co-relations were checked.



The research outcomes confirmed the impact of
microplastics on freshwater species. Moreover,
when species interact, their response may diverge
from that of a single species. Microplastic exposure
led to the adsorption of plastic particles by roots,
with adsorption levels correlating to particle
concentration. Additionally, it was observed that
microplastic exposure increased oxidative stress in
plants. Interestingly, the growth of E. densa was
relatively unaffected. However, the overall
antioxidant levels decreased in E. densa.
Conversely, M. roraima exhibited increased growth
rates with rising microplastic concentrations,
though antioxidants decreased and oxidative stress
increased at higher concentrations. The presence of
microplastics reduces the E. densa and M. roraima
allopathy towared the M. aeruginosa at high
concentrations.

Nanoplastics infiltrated the vascular system,
significantly affecting growth and pigmentation.
However, below-water parts experienced decreased
oxidative stress and antioxidants. Microplastic
exposure resulted in reduced optical density with
increasing concentrations, accompanied by
increased oxidative stress and decreased overall
antioxidant levels.

When two species were co-cultivated, the
responses deviated. The oxidative stress and
growth rates have deviated from the monocultures
and the responses were also changed with the
microplastic concentration. The antioxidants and
pigmentations also  deviated from  the
monocultures. The nano-plastics co-culture
experiments were still ongoing and expected to
compare the outcome with the microplastic
experiments.

The regression and
relationships between
parameters were
checked; however, still
a strong relationship
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Figure 1. Oxidative stress of E. densa
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Figure 2. Oxidative stress of M. aeruginosa
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Figure 3. Oxidative stress of M. aeruginosa

co-cultivated with E. densa
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Figure 5. Oxidative stress of M. roraima co-
cultivated with M. aeruginosa

concentration difference in the present study. Therefore, further studies will be

conducted.

Furthermore,

we tested Phormidium ambiguum for

the same microplastic

concentrations and found that the odor compounds 2-MIB and Geosmin concentrations
were increased with the increasing microplastic concentrations.

The findings have already been published in three high-impact journal articles,
demonstrating the significance and relevance of the study. Furthermore, two additional

manuscripts are currently in preparation.
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