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Editorial 

The mitigation and remediation of micro(nano)plastics to improve environmental and 
public health   

Micro(nano)plastics (MNPs) pollution with its extensive environ
mental accumulation is a pressing environmental and public health 
problem. Plastic waste is ubiquitously present in different environ
mental matrices such as atmosphere, water bodies, sediment, marine 
systems, even remote places like Antarctica, mountain tops including 
the summit of Mt. Fuji, and the deep sea (Luo et al., 2024; Y. Wang et al., 
2023). The detection of MNPs in several remote regions has implicated 
atmospheric transport via currents as an important pathway for global 
dissemination, increasing the associated health risks. In their life cycle, 
plastic waste can break down into MNPs by a variety of processes, such 
as mechanical (erosion and wear), chemical (photo-oxidation and 
corrosion), and biological (biotransformation), leading to new in
teractions with the environment and organisms. MNPs have unique 
properties such as larger specific surface area, easier entry into organ
isms, ability to adsorb and carry other pollutants (surface adsorbed 
co-pollutants such as hormones, heavy metals including arsenic, 
persistent organic pollutants (POPs) and plasticizers) and even patho
gens and antibiotics resistance genes (H. Wang et al., 2023; Ma et al., 
2023; Wang et al., 2020; Lu et al., 2021; Tang et al., 2020). MNPs also 
serve as breeding ground for antimicrobial resistant-microorganisms, 
and they effect primary producers in various ecosystems (and ulti
mately the food chain) (Gaur et al., 2023; Stungaru et al., 2019; H-P. 
Wang et al., 2023). Furthermore, they can modulate the toxicity of 
pharmaceuticals and pesticides in various environmental compartments 
(Barreto et al., 2023). At the molecular level, MNPs can induce a broad 
range of cellular responses in animal cells, including pyroptosis, a 
pro-inflammatory cell death mechanism, resulting in immune responses 
(Berkel and Cacan, 2023). MNPs can negatively impact the behavior and 
reproductive health of aquatic organisms (Gao et al., 2022). They also 
cause detrimental ecotoxicological impact on the rhizosphere (disturbs 
community structures of soil microbiota), impacts plants (causing plant 
biomass reduction; intracellular oxidative stress burst; photosynthesis 
inhibition; water and nutrient absorption reduction; genotoxicity; 
reprogramming of transcriptome, proteome and metabolome; and seed 
germination retardation, etc.), thereby negatively influencing agro
ecosystems, food safety and security in addition to the others (Hu et al., 
2024). Therefore, there is an urgent need to provide sustainable and 
cost-effective solutions for the mitigation / remediation of micro(nano) 
plastics. 

A plethora of mitigation / remediation strategies for MNPs have been 
developed, and they include (direct or multi-stage) filtration with 

membrane technology and nanosheets, phytoremediation, biodegrada
tion, adsorption (for instance, using carbon-based adsorbents such as 
bichar), sedimentation, use of coagulants, magnetic extraction, reverse 
osmosis, photocatalysis and micro/nanorobots (V. Kumar et al., 2023; R. 
Kumar et al., 2023; Li et al., 2023). All these methodologies for the 
decontamination/removal of MNPs currently have certain limitations, 
cost and efficiency problems which should be considered in future 
research. The challenges faced include effectively removing ultrasmall 
particles, achieving high removal efficiency for low MNPs concentra
tions, and treating significant amounts of environmental contamination 
at a low cost. Some removal methods can even lead to secondary 
pollution. Plastic-degrading enzymes (for instance, those from certain 
microorganisms incl. bacteria and fungi) can be utilized as green cata
lytic tools since they can specifically target the complex polymer 
structure for their further degradation by breaking down long carbon 
chains into simpler monomers through enzymatic degradation and even 
into benign end products such as carbon dioxide and water 
(Cárdenas-Alcaide et al., 2022; Tang et al., 2022). For MNP degradation 
by microorganisms in the environment, the problem of biodegradation 
efficiency has to be overcome, for instance, through protein engineering, 
since microbial degradation is influenced by multiple biotic and abiotic 
factors, such as temperature and pH (Silva et al., 2018). The major 
drawback associated with bioremediation of MNPs is that microorgan
isms are able to degrade only certain plastics. There is also the 
requirement of optimum environmental conditions and of enough 
nutrient supply for microorganismal growth; therefore, it has a slow 
removal rate. In order to maximize the depolymerization efficiency of 
MNP-degrading enzymes, novel approaches to enhance the performance 
and stability of natural enzymes including immobilization methods onto 
different materials and nanomaterials, and the protocols to strengthen 
the binding of the substrate to the active site of the enzyme have been 
developed in recent years and must be further improved 
(Cárdenas-Alcaide et al., 2022). Other technologies to address these 
challenges have also particular disadvantages. For instance, filtration 
methods might provide a high decontamination efficiencies; however, 
their energy consumption and nanoplastic filtering loss impede treat
ment at large scale. Therefore, an optimal solution is needed to balance 
the trade-off between removal efficiency, cost, and environmental 
impact in MNPs remediation / decontamination. 

For the proper and sustainable mitigation of MNPs from different 
environmental matrices, effective and robust analytical-based 
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detection/identification/characterization methods are also of high in
terest. The optimization of current techniques with an interdisciplinary 
approach is necessary to achieve enhanced MNP removal efficiency at 
large-scale to generate innovations with realistic applicability. 
Furthermore, although experimental conditions used in previous studies 
are important to understand MNP mitigation abilities of the developed 
methods by creating an interference-free environment, some critical 
aspects of the processes have been overlooked. Hence, further research 
using more complex systems are required for a more realistic determi
nation and comparison of MNP removal efficiency of different meth
odologies. Besides, more frequent use of computational tools such as 
computer-aided modeling and simulation in the mitigation and reme
diation of MNPs will be of critical importance in the coming years. 
Special emphasis should also be laid upon the upcycling approaches 
such as the valorization of MNPs into chemicals, fuels or new materials 
as a way forward for circular bioeconomy and to attain the sustainable 
development goals considering the fact that they can even provide op
portunity for producing profit (for instance, through the generation of 
high calorific fuel via the pyrolysis process) in polluted and resource- 
limited areas, considering the fact that the largest increases in plastic 
waste generation are expected in regions where waste management is 
poor. 
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Parra-Saldívar, R., 2022. Environmental impact and mitigation of micro(nano) 
plastics pollution using green catalytic tools and green analytical methods. Green 
Anal. Chem. 3, 100031 https://doi.org/10.1016/j.greeac.2022.100031. 

Gao, D., Liu, X., Junaid, M., Liao, H., Chen, G., Wu, Y., Wang, J., 2022. Toxicological 
impacts of micro(nano)plastics in the benthic environment. Sci. Total Environ. 836, 
155620 https://doi.org/10.1016/j.scitotenv.2022.155620. 

Gaur, V.K., Sirohi, R., Bhat, M.I., Gautam, K., Sharma, P., Srivastava, J.K., Pandey, A., 
2023. A review on the effect of micro- and nano-plastics pollution on the emergence 
of antimicrobial resistance. Chemosphere 311, 136877. https://doi.org/10.1016/j. 
chemosphere.2022.136877. 

Hu, M., Huang, Y., Liu, L., Ren, L., Li, C., Yang, R., Zhang, Y., 2024. The effects of Micro/ 
Nano-plastics exposure on plants and their toxic mechanisms: a review from multi- 
omics perspectives. J. Hazard. Mater. 465, 133279 https://doi.org/10.1016/j. 
jhazmat.2023.133279. 

Kumar, R., Verma, A., Rakib, M.R.J., Gupta, P.K., Sharma, P., Garg, A., Girard, P., 
Aminabhavi, T.M., 2023a. Adsorptive behavior of micro(nano)plastics through 

biochar: co-existence, consequences, and challenges in contaminated ecosystems. 
Sci. Total Environ. 15, 159097 https://doi.org/10.1016/j.scitotenv.2022.159097. 

Kumar, V., Singh, E., Singh, S., Pandey, A., Bhargava, P.C., 2023b. Micro- and nano- 
plastics (MNPs) as emerging pollutant in ground water: environmental impact, po
tential risks, limitations and way forward towards sustainable management. Chem. 
Eng. J. 459, 141568 https://doi.org/10.1016/j.cej.2023.141568. 

Li, W., Wang, J., Xiong, Z., Li, D., 2023. Micro/nanorobots for efficient removal and 
degradation of micro/nanoplastics. Cell Rep. Phys. Sci. 4, 101639 https://doi.org/ 
10.1016/j.xcrp.2023.101639. 

Lu, J., Wu, J., Wu, J., Zhang, C., Luo, Y., 2021. Adsorption and desorption of steroid 
hormones by microplastics in seawater. Bull. Environ. Contam. Toxicol. 107, 
730–735. https://doi.org/10.1007/s00128-020-02784-2. 

Luo, D., Chu, X., Wu, Y., Wang, Z., Liao, Z., Ji, X., Ju, J., Yang, B., Chen, Z., Dahlgren, R., 
Zhang, M., Shang, X., 2024. Micro- and nano-plastics in the atmosphere: a review of 
occurrence, properties and human health risks. J. Hazard. Mater. 465, 133412 
https://doi.org/10.1016/j.jhazmat.2023.133412. 

Ma, Y.-B., Xie, Z.-Y., Hamid, N., Tang, Q.-P., Deng, J.-Y., Luo, L., Pei, D-S., 2023. Recent 
advances in micro (nano) plastics in the environment: distribution, health risks, 
challenges and future prospects. Aquat. Toxicol. 261, 106597 https://doi.org/ 
10.1016/j.aquatox.2023.106597. 

Silva, A.B., Costa, M.F., Duarte, A.C., 2018. Biotechnology advances for dealing with 
environmental pollution by micro(nano)plastics: lessons on theory and practices. 
Curr. Opin. Environ. Sci. Health 1, 30–35. https://doi.org/10.1016/j. 
coesh.2017.10.005. 

Stungaru, S.A., Jijie, R., Nicoara, M., Plavan, G., Faggio, C., 2019. Micro-(nano) plastics 
in freashwater ecosystems: abundance, toxicological impact and quantification 
metholodogy. TrAC Trends Anal. Chem. 110, 116–128. 

Tang, K.H.D., Lock, S.S.M., Yap, P.S., Cheah, K.W., Chan, Y.H., Yiin, C.L., Ku, A.Z.E., 
Loy, A.C.M., Chin, B.L.F., Chai, Y.H., 2022. Immobilized enzyme/microorganism 
complexes for degradation of microplastics: a review of recent advances, feasibility 
and future prospects. Sci. Total Environ. 832, 154868 https://doi.org/10.1016/j. 
scitotenv.2022.154868. 

Tang, Y., Rong, J., Guan, X., S, Z., Shi, W., Han, Yu., Du, X., Wu, F., Huang, W., Liu, G., 
2020. Immunotoxicity of microplastics and two persistent organic pollutants alone 
or in combination to a bivalve species. Environ. Poll. 258, 113845 https://doi.org/ 
10.1016/j.envpol.2019.113845. 

Wang, H., Wang, Q., Lv, M., Li, J., Zhao, X., Song, Z., Wang, X., You, J., Wang, Y., 
Chen, L., 2023a. Marine micro(nano)plastics determination and its environmental 
toxicity evaluation. TrAC, Trends Anal. Chem. 168, 117332 https://doi.org/ 
10.1016/j.trac.2023.117332. 

Wang, H.-P., Huang, X.-H., Chen, J.-N., Dong, M., Nie, C.-Z., Qin, L., 2023b. Micro- and 
nano-plastics in food systems: distribution, combined toxicity with environmental 
contaminants, and removal strategies. Chem. Eng. J. 476, 146430 https://doi.org/ 
10.1016/j.cej.2023.146430. 

Wang, S., Xue, N., Li, W., Zhang, D., Pan, X., Luo, Y., 2020. Selectively enrichment of 
antibiotics and ARGs by microplastics in river, estuary and marine waters. Sci. Total 
Environ. 708, 134594 https://doi.org/10.1016/j.scitotenv.2019.134594. 

Wang, Y., Okochi, H., Tani, Y., Hayami, H., Minami, Y., Katsumi, N., Takeuchi, M., 
Sorimachi, A., Fujii, Y., Kajino, M., Adachi, K., Ishihara, Y., Iwamoto, Y., Niida, Y., 
2023c. Airborne hydrophilic microplastics in cloud water at high altitudes and their 
role in cloud formation. Environ. Chem. Lett. 21, 3055–3062. https://doi.org/ 
10.1007/s10311-023-01626-x. 

Caglar Berkel, Oguz Özbek* 
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