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Introduction



Highlights

 Micro - and nano - plastics (MNPs) can enter the human body through 
inhalation, ingestion, contact with consumer products, and iatrogenic 
routes. 

 The heterogeneity of internal burden is shaped by four interrelated 
dimensions: particle characteristics, exposure context, host factors, and 
barrier integrity.

 The clinical relevance of MNP exposure should be interpreted at three 
levels: barrier interaction, cellular stress, and system-level disruption, 
with key mechanisms including oxidative stress, mitochondrial 
dysfunction, and chronic inflammation.



Routes of Human Exposure to MNPs

Figure 1 Environmental sources and human exposure routes to micro- and nano-plastics. 



Internal Burden, Clinical Relevance, and Mechanistic Insights into MNP-induced Toxicity

Figure 2 Disease risks and mechanisms of exposure to micro- and nano-plastics in human organ systems.



Future Directions

 In conclusion, MNP research has entered a stage in which human detection, 
internal burden, organ-specific distribution, and biological responses need to be 
interpreted through a systems-level framework. 

 The field has moved beyond proof of presence, but direct causal inference in 
humans remains limited. The central challenge is now to determine which 
exposure conditions, internal-burden ranges, and microbiome–immune–
metabolic networks are sufficient to make MNP exposure biologically and 
clinically significant. 

 Addressing this challenge will require harmonized analytical methods, 
environmentally realistic exposure models, longitudinal human studies, 
quantitative exposure–effect modeling, and close integration of exposure science 
with clinically grounded systems biology.
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