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Introduction
Since 1862, when Alexander Parkes, an English metallurgist, 
created parkesine from cellulose, recognised as the �irst 
synthetic polymer in history, humanity has lived with a new 
material of high durability, versatility, low cost, and the ability to 
be moulded into various shapes, which gives it great utility for 
the production of the most varied objects of daily use [1].
The term plastic derives from the Greek term "plastikos," which 
means moulding or that which can be moulded, and has been 
used to designate various types of polymers such as polyethene, 
polyamide, polyester, polyurethane, neoprene, polystyrene, and 
polypropylene, among others, which are necessarily present in 
everyday life and in all environmental compartments of the 
planet [2].
However, in contrast to the bene�its presented by their 
widespread use, plastics have become a global health problem 
due to their long durability, dif�iculty in being degraded, 
accumulating on the planet and being ubiquitous in the food 
chain, causing continuous human exposure to these residues 
that can remain in the environment for long periods, taking up to 
more than 100 years to degrade [3-6]. 
Plastics improperly discarded in the environment undergo 
fragmentation into microplastics (MP) and nanoplastics (NP) 
through various processes such as oxidation, photodegradation, 
biodegradation,  degradation by abrasion and other 
mechanisms, which generate an exponential number of 
particles. Their widespread detection in various locations 
reveals the scope and ease of dissemination of these wastes 
[7,1,8]. Plastic particles found in the environment can pose risks 
to human health in three ways: a) biological: due to the 
p ro d u c t i o n  o f  b i o � i l m s  t h a t  c a n  c a r r y  p a t h o g e n i c 
microorganisms, b) chemical: due to the adsorption capacity of 
the plastic and c) physical: with the creation of barriers that can 
impede cellular functions [7,8,10-13].
Since 2004, numerous adverse effects on human health have 
been reported, caused by both MP and NP and by other 
substances added to their chemical structure in order to alter 
their characteristics, making them more moldable. 
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ABSTRACT
For	over	a	century	and	a	half,	since	the	creation	of	the	�irst	synthetic	polymer	
derived	from	cellulose,	a	new	material	of	high	durability,	versatility,	and	low	cost	
has	coexisted	with	humanity,	which	has	since	enjoyed	its	bene�its	and	suffered	
various	consequences,	whether	from	direct	or	indirect	effects	of	this	material	on	
health.	The	presence	 in	 the	environment	and	human	contact	with	micro	and	
nanoplastics	 derived	 from	 these	 polymers	 can	 result	 in	 acute	 and	 chronic	
damage,	with	 serious	health	 consequences	 for	all	 age	groups.	This	 narrative	
review	presents	some	characteristics	of	the	different	contamination	routes	and	
mechanisms	of	action	in	the	human	body	caused	mainly	by	the	inhalation	and	
ingestion	of	micro	and	nanoplastics,	and	their	effects	on	the	various	organs	and	
systems	of	the	human	body.
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Such substances with plasticising properties, various pigments, 
�lame retardants and stabilisers also pose a risk to human health 
[11,14-16].

What	are	microplastics	and	nanoplastics?
MPs are de�ined as solid polymer particles with a diameter 
between 1 μm and 5 mm. NP are particles with a diameter less 
than 1 μm .  They are subdivided into primary: when 
intentionally produced in small sizes, such as microspheres 
present in cosmetics, personal hygiene and cleaning products; 
and secondary: resulting from the degradation and 
fragmentation of larger plastics by natural erosion, the action of 
heat, natural light, biological and chemical processes [3,7,17].
The direct impacts of MP and NP on health are in�luenced by the 
type of polymer, size and shape of the particles and additives 
used in plastic processing [1,6,18]. Small particles can easily 
cross epithelial barriers and enter the systemic circulation [19].

Routes	of	contamination	and	mechanisms	of	action	in	the	
organism
Living beings are exposed to PM and NP in various ways, such as 
ingestion and inhalation (the main ones, and in a continuous and 
unavoidable manner), in addition to dermal contact, 
occupational exposure, and treatments that use equipment 
inserted into the body (IM/IV injections, catheters, etc.) 
[6,7,14,15,17].
It is estimated that, annually, humans ingest approximately 
52,000 PM and NP through food and water alone [15,20] and 
inhale between 13,000 and 68,000 particles [19,21].
The absorption of these particles in the body is in�luenced by 
characteristics such as hydrophobicity, surface electrical 
charge, functionalization, size, and surrounding protein coat, 
which can facilitate their entry into the bloodstream [3,22].
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Affected	organs	and	systems
MP and NP can cross biological barriers (lungs, oral, 
gastrointestinal, and blood-brain barriers) and, through passive 
diffusion, facilitated diffusion, active transport, and pinocytosis 
[3,15,25], reach distant organs where they will accumulate and 
cause alterations that are eventually acute and frequently 
chronic [11,12,26,29,30]. Host co-exposure to different types, 
sizes, and sources of plastic can compromise health mainly 
because the particles often contain various chemical substances 
and/or microorganisms capable of causing damage to multiple 
organs [22,31,32].
Children are more likely to develop metabolic disorders due to 
exposure to microparticles between 0.5 and 5 μm in size, 
contributing to gut microbiota dysbiosis and intestinal barrier 
dysfunction (15).
Chronic human exposure to non-cytotoxic concentrations of 
environmental MP and NP may lead to the potential induction of 
effects associated with cell transformation and the initiation of 
the carcinogenic process, such as a higher incidence of DNA 
damage and increased oxidative stress [7]. Furthermore, due to 
their persistence, they cannot be completely removed from the 
body, which can result in chronic in�lammation and increase the 
risk of cancer [21,33-35].
Table 1 shows the effects of MP and NP on different human 
organs and systems.

Table	1:	Effects	of	MP	and	NP	on	different	body	structures

After being absorbed into the human body, these fragments are 
distributed systemically via blood and lymphatic circulation 
throughout the body [16] and can interfere with metabolic 
pathways and unbalance various organs and systems through 
m o r p h o l o g i c a l  a n d  p h y s i o l o g i c a l  c h a n g e s 
[5,11,15,17,21,23,24], in addition to gradually accumulating in 
the body due to their low excretion rate [25].
Although epithelial barriers such as the intestinal lining and the 
respiratory tract epithelium are designed for protection against 
foreign and harmful agents, microparticles can cross them 
through different mechanisms, such as endocytosis, 
paracellular transport, and transcytosis. Endocytosis refers to 
the internalisation of PM by cells, while paracellular transport 
refers to the movement of PM between cells [19].
The size of the PM affects the ef�iciency of its absorption by the 
gastrointestinal, alveolar, and dermal epithelium. Factors such 
as size, shape, dose, surface functionalization, charge, and 
hydrophobicity in�luence the absorption, translocation, and 
accumulation of microplastics. The toxicity of microplastics 
increases as their size decreases. Larger microplastics are likely 
expelled from the body through faeces or mucociliary clearance 
[10,12].
The harmful effects of PM and NP on human health are mediated 
by several mechanisms, including oxidative stress, production 
of reactive oxygen species, in�lammation, apoptosis, immune 
dysregulation, alterations in cell division, metabolic 
dysfunctions and even genotoxicity, with the magnitude of these 
effects depending on the exposed organism, integrity and 
function of barriers, route of exposure, size, shape, surface 
chemistry and polymer type of the particles [4-7,9-11,17-
21,26,28].

Conclusion
Embora os plásticos tenham representado um avanço quanto ao surgimento de um novo material de grande aplicabilidade no 
cotidiano, seus fragmentos e alguns fatores a eles associados têm sido apontados como responsáveis por diversos 
comprometimentos à saúde e ao meio ambiente. Devido à magnitude do problema, além do surgimento de novos estudos 
identi�icando todoss os danos causados por micro e nanoplásticos aos seres humanos, faz-se necessário realizar investimentos com o 
propóstico de reduzir os impactos negativos desse materias sobre o ambiente e as pessoas. Ainda, é relevante destacar que um amplo 
processo educativo sobre o uso adequado e o descarte correto desses materiais é fundamental para o controle do resıd́uo �inal dos 
plásticos.
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8. Schröter L, Ventura N. Nanoplastic toxicity: Insights and 
challenges from experimental model systems. Small 
2022,18,2201680.

9. WHO. Dietary and inhalation exposure to nano- and 
microplastic particles and potential implications for human 
health. Geneva: World Health Organization; 2022. 154 pag.

10. Jayavel S, Govindaraju B, Michael JR, Viswanathan B. Impacts 
of micro and nanoplastics on human health. Jayavel et al. Bul 
Nat Res Centre 2024; 48:110-119.

11. Carvalho AP, Lima GL, Nobre FSC, Bachu TPR. Contamination 
by microplastics, nanoplastics, and their associated risks to 
human health. Revinter 2025; 18:56-78.

12. He J. Nanoplastic toxicology following gestational and 
lactational exposure. Nanotoxicol 2026, Ahead-of-print, 1-
24.

13. Farraj SA, Lapointe M, Kurusu RS, Tufenkji N. Microplastics 
and nanoplastics in water: Improving removal in wastewater 
treatment plants with alternative coagulants. Can J Chem Eng 
2026; 1:1–14.

14. Simonato M, Brener M, Ferrari G, Graves CA, Yan B, George I. 
Impact of microplastics and nanoplastics on cardiovascular 
health. Trend Cardiovasc Med 2026; 15:20-28.

15. Alqahtani S, Shaherah Alqahtani, Quaiser Saquib, Fayaz 
Mohiddin. Toxicological impact of microplastics and 
nanoplastics on humans: understanding the mechanistic 
aspect of the interaction. Front. Toxicol. 2023; 5:1193386.

16. Souza AS, Ferreira PG, Pereira PR, Jesus IS, Oliveira RPRF, 
Carvalho AS. Micro- and nanoplastics on human health and 
diseases: Perspectives and recent advances. Microplastics 
2025; 64:1-25.

17. Pei Z, Zhong H, Li X, Guo S, Wang T. Micro-nanoplastics in the 
central nervous system: Evidence, mechanisms and 
perspectives. Toxicol 2026; 522:154424.

18. Pelegrini K, Pereira TCB, Maraschin TG, Teodoro LS, Basso 
NRS, Galland GLB et al. Micro- and nanoplastic toxicity: A 
review on size, type, source, and test-organism implications. 
Sci Tot Environ 2023;162954.

19. Rehman MFU, Mohammad Muaz Khan, Mohammad Mansoob 
Khan. Impact of microplastics and nanoplastics on human 
health: Mechanistic insights and exposure pathways. Toxicol 
Letters 2025; 414:111769.

20. Stapleton PA. Microplastic and nanoplastic transfer, 
accumulation, and toxicity in humans. Environmental 
Chemistry Letters 2023; 21:363–381.

21. Singh A, Lalbiaktluangi C, Singh J, Kant K, Singh A, Vellingiri B 
et al. Microplastic exposure and human health: an integrative 
toxicological perspective. 3 Biotech 2026; 16:88-108.

22. Zhao B, Reathi P, Yang Z, Cai Z, Guo C, Li Y. The potential 
toxicity of microplastics on human health. Sci Total Environ 
2024; 912:168946.

23. Niu H, Liu S, Jiang Y, Hu Y, Li Y, He Let al. Are microplastics 
yoxic? A review from eco-toxicity to effects on the gut 
microbiota. Metabolitesm. 20239; 13:739-764.

24. Zha H, Li X, Zhang H, Yi Y, Li L. Gut microbiome alterations 
associated with microplastics: Underestimated risk from tiny 
particle. Infect Micr Dis 2026; 8:1-2.

25. Lai H, Liu X, Qu M. Nanoplastics and human health: Hazard 
identi�ication and biointerface. Nanomaterials 2022; 
12:1298.

26. Li Y, Fan D, Bing X, Kang N, Wang Y, Wei Y. The oral-systemic 
interface of micro- and nanoplastics. Adv Coll Interf Sci 2026; 
353:103863

27. Jahedi F, Neamatollah Jaafarzadeh Haghighi Fard. Micro- and 
nanoplastic toxicity in humans: Exposure pathways, cellular 
effects, and mitigation strategies. Toxicol Rep 2025;14: 
102043.

28. Lehner R, Weder C, Petri-Fink A, Rothen-Rutishauser B. 
Emergence of nanoplastic in the environment and possible 
impact on human health. Environ Sci Technol 2019; 53:1748-
1765.

29. Atugoda T, Piyumali H,Wijesekara H, Sonne C, Lam SS, 
Mahatantila K, Vithanage M. Nanoplastic occurrence, 
transformation and toxicity: a review. Environ Chem Letters 
2023; 21:363-381.

30. Leso V. The endocrine disrupting effects of nanoplastic 
exposure: A systematic review. Toxicol Ind Health 2023; 
39:613-629.

31. Deng BD, Sinha SR, Lear G, Tropini C. Microplastics and 
nanoplastics in the human gut: from signals to standards. Nat 
Rev Gastroenterol Hepatol 2026; 23:373-374.

32. Sun N, Shi H, Li X, Gao C, Liu R. Combined toxicity of 
micro/nanoplastics loaded with environmental pollutants to 
organisms and cells: Role, effects, and mechanism. Environ 
Int. 2023; 171:1-16.

33. Kolkar KP, Malabadi RB, Chalannavar RK, Divakar MS, Kishore 
S, Munhoz ANR. Plastic pollution-Microplastics: Cancer 
related issues. World J Biol PharmHealth Sci 2025; 22:329-
336.

34. Cirillo F, Gianı ̀F, Sergi V, Scordamaglia D, Giallongo S, Tibullo D 
et al. The hidden threat: Microplastics and cancer biology. J 
Hazar Mat 2026; 505:1-19.

35. Yazarkan Y, Sonmez G, Tenekeci AA, Aksoy EA, Gullu IH. The 
relationship between microplastics and nanoplastics with 
cancer: An emerging health concern. Int J Hematol Oncol 
2024; 34:102-112.

36. Di Fiore C, Avino P. Microplastics and nanoplastics in the 
human diet. Nat Health 2026; 1:48–57.

37. Feng Y. A systematic review of the impacts of exposure to 
micro-and nano-plastics on human tissue accumulation and 
health. Eco Environ Health 2023; 2:195-207.

38. Deng X, Gui Y, Zhao L. The micro(nano)plastics perspective: 
exploring cancer development and therapy. Mol Cancer 2025; 
24:30-44.

39. Yong CQY, Valiyaveettil S, Tang BL. Toxicity of microplastics 
and nanoplastics in mammalian systems. Int J Environ Res 
Public Health 2020; 17:1509-1532.

40. He L, Zheng J, Han X, Tao T, Zeng J, Luo W et alo. 
Micro/nanoplastics and eye health: a review. Int J Ophthalmol 
2026; 19:405-414.


	Page 1
	Page 2
	Page 3

