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ABSTRACT

Background: Microplastics and nanoplastics (MNPs) have emerged as ubiquitous environmental
contaminants, with growing evidence demonstrating widespread human exposure. Children and developing
fetuses represent a highly vulnerable cohort due to rapid organogenesis, unique behavioral traits, and
immature metabolic clearance pathways. This systematic review provides a rigorous, comprehensive
mapping of MNPs within neonatal and pediatric biological matrices from gestation to adolescence,
characterizing pathways of exposure, bioaccumulation patterns, and downstream cellular and physiological
toxicological endpoints.Methods: A systematic literature search was executed across PubMed, Scopus,
Web of Science, and Google Scholar for peer-reviewed studies published up to 2026 reporting physical or
chemical quantification of MNPs within human maternal, fetal, neonatal, or pediatric tissues, alongside
corresponding toxicology outcomes. A total of 15 key benchmark studies were extracted, appraised, and
synthesized under a strict methodological framework.Results: Evidence definitively validates the presence
of multiple polymeric configurations-predominantly polyethylene (PE), polypropylene (PP), polystyrene
(PS), and polyethylene terephthalate (PET)-across five core biological compartments: the human placenta,
umbilical cord blood, neonatal meconium, asthmatic pediatric sputum, and pediatric myocardial tissue.
Mechanistic data indicate that MNP bioaccumulation triggers pronounced oxidative stress, mitochondrial
fragmentation, disruption of the alveolar-capillary barrier, and transplacental carrier migration of
endocrine-disrupting additives.Conclusions: Early-life exposure to microplastics is not merely an
environmental hazard but an active internal biological residency. Immediate harmonization of standard
bio-detection protocols and longitudinal clinical studies are critically demanded to define the definitive
causal links between childhood MNP burdens and chronic adult metabolic, immunological, and respiratory
phenotypes.

Keywords: Microplastics, Nanoplastics, Pediatric Health, Placental Transfer, Neonatal Exposome, Environmental
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l.
Introduction

The global proliferation of synthetic polymers over the past century has culminated in an unprecedented
ecological crisis: the near-permanent saturation of the global biosphere with microplastics and nanoplastics
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(MNPs). Defined operationalized metrics characterize microplastics as plastic particles measuring between
1 micrometer (mum) and 5 millimeters (mm), while nanoplastics comprise sub-micrometric fragments under
1 mum in size. Driven by continuous mechanical degradation, solar ultraviolet irradiation, photo-oxidation,
and chemical weathering of macro-plastic waste, these particles have infiltrated global marine, terrestrial,
and atmospheric systems. Consequently, human contact with these particles has evolved from an incidental
environmental exposure into an uninterrupted, lifelong internal biological residency.

Historically, environmental health paradigms treated plastic polymers as chemically inert, biologically benign
structures passing through the mammalian gastrointestinal tract without systemic assimilation. However, a
rapid paradigm shift over the past decade, culminating in definitive clinical readouts between 2024 and
2026, has completely dismantled this assumption. Highly sensitive analytical instruments, such as
micro-Raman spectroscopy, Fourier-transform infrared (FTIR) microspectroscopy, and Pyrolysis-Gas
ChromatographyMass Spectrometry (Py-GC-MS), have uncovered physical accumulations of plastic
particles inside deep human visceral organs, vascular walls, thrombi, and reproductive tissues [1], [2].

Within the context of human toxicology, the neonatal and pediatric cohorts represent populations of unique
susceptibility and disproportionate risk. Children cannot be modeled simply as small adults; their physiology
is governed by rapid, highly orchestrated windows of cellular organogenesis, structural tissue assembly, and
nervous system wiring. During these critical windows, even minor homeostatic perturbations can cause
lifelong functional anomalies. Children experience significantly elevated mass-adjusted metabolic rates,
breathing volumes, and fluid intake levels compared to adults. Their relative consumption of air, food, and
water per kilogram of body mass is exponentially higher, which directly scales up their environmental
exposures.

Furthermore, pediatric behavioral phenotypes amplify exposure vectors. Infants and toddlers exhibit distinct
hand-to-mouth and object-to-mouth exploration patterns, spend substantial portions of their time crawling
on floor surfaces where micro-particle dust settles, and are routinely nourished using consumer products
fabricated entirely from synthetic polymers. Compounding this elevated intake is an immature physiological
defense system. Pediatric metabolic detoxification pathways, hepatic enzymatic clearance cascades, renal
filtration capabilities, and protective structures like the blood-brain barrier and mucosal borders are
functionally incomplete at birth, lacking the mature structural integrity to exclude or excrete foreign
sub-micrometric particles.

Despite these clear theoretical vulnerabilities, the scientific literature has long remained fragmented, with
data scattered across isolated environmental, occupational, and specialized medical journals. There is an
urgent medical imperative to systematically synthesize these disparate threads into a single, cohesive
framework that maps the exact trajectory of microplastics throughout pediatric development. This systematic
review addresses this critical gap, tracking MNP exposure vectors from the earliest moments of intrauterine
gestation, through neonatal life, and into childhood and adolescence. By evaluating the rigorous physical,
chemical, and epidemiological evidence surrounding MNP bioaccumulation within five core human pediatric
matrices, this paper aims to define the precise cellular toxicological mechanisms that threaten long-term
child health and development.

Methodology

To ensure a highly reproducible, objective, and unbiased synthesis of the literature, this review was
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designed and executed following a strict methodological framework modeled after the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) statement guidelines. This methodology
ensures that the collection of empirical data, primary tissue studies, and cellular mechanistic profiles
maintains the highest standard of scientific transparency.

Search Strategy and Information Sources

A comprehensive, multi-database digital search was conducted across four primary repositories:
PubMed/MEDLINE, Scopus, Web of Science, and Google Scholar. The search parameters were optimized
to capture all scientific literature published from inception up to mid-2026, focusing heavily on the surge of
clinical data published between 2024 and 2026. A highly tailored Boolean search logic string was
constructed to cross-reference terms for plastic particles with terms for pediatric age cohorts and key
toxicological endpoints:

("microplastics" OR "nanoplastics" OR "plastic microparticles” OR "MNPs") AND ("pediatric" OR "neonatal"
OR

"fetal" OR "infant" OR "childhood" OR "placental" OR
"meconium™) AND ("bioaccumulation” OR "toxicity" OR
"neurodevelopment” OR "asthma" OR "endocrine disruption™)

To maximize capture efficacy, secondary hand-searches were conducted by scrutinizing the reference lists
of all retrieved primary articles, international consensus reports, and relevant meta-analyses to identify any
missed or gray literature. This iterative process ensured the inclusion of multi-disciplinary studies bridging
environmental chemistry, pediatric pathology, and clinical neonatology.

Inclusion and Exclusion Criteria

Strict eligibility thresholds were established prior to screening to refine the focus of the literature pool toward
robust, highly valid evidence. Studies were required to meet all of the following inclusion criteria:

Primary peer-reviewed empirical studies documenting the physical isolation, identification, or chemical
quantification of MNPs inside human maternal-fetal tissues or pediatric cohorts.

In vitro studies utilizing human-derived pediatric cell lines (e.g., alveolar organoids, placental trophoblasts)
or in vivo mammalian models explicitly evaluating developmental, gestational, or pediatric toxicological
mechanisms.

Studies reporting precise polymer classification verified via analytical chemistry methods (e.g.,
micro-Raman, FTIR, Py-GC-MS).

Papers published in the English language in peer-reviewed scientific journals.

Articles were excluded if they represented: (a) non-peer-reviewed commentaries, general opinion editorials,
conference abstracts, or book chapters; (b) studies focusing exclusively on adult human populations with no
clear data on reproductive, gestational, or pediatric outcomes; (c) studies assessing general environmental

plastic pollution without linking it to biological tissue interactions, ingestion pathways, or mammalian toxicity
profiles; or (d) studies relying solely on unverified visual identification of plastic particles without
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confirmatory analytical chemical spectroscopy.
Data Screening, Extraction, and Synthesis Protocol

The initial database search yielded raw results that were imported into software to systematically remove
duplicates. Two independent investigators conducted a multi-tier screening process: first evaluating titles
and abstracts against the eligibility criteria, followed by a rigorous full-text review of the remaining papers.
Any discrepancies regarding study inclusion were resolved through direct dialogue and consensus. Data
were systematically extracted into a standardized digital matrix documenting: primary author, year of
publication, specific pediatric or maternal biological matrix evaluated, analytical identification methodology
employed, specific plastic polymer types isolated, particle sizes detected, and the primary documented
cellular or physiological toxicological outcomes. A formal total of 15 high-impact, benchmark papers
spanning 2020 to 2026 were chosen to serve as the definitive foundation for this review [1]-[15].

Results and Evidence Synthesis

The systematic synthesis of the extracted literature reveals a striking reality: MNPs do not remain isolated
within human environmental borders but successfully breach every major biological defense barrier,
establishing an uninterrupted line of accumulation across the entire spectrum of pediatric development.

Prenatal and Gestational Exposure Pathways: The Maternal-Fetal Interface

The mapping of microplastics within pediatric development must fundamentally begin in utero. For decades,
the human placental barrier was celebrated as a highly sophisticated, selectively impermeable
immunological and physical wall, capable of shielding the developing embryo from systemic maternal
xenobiotics. However, pioneering clinical studies have completely redefined this anatomical model. Ragusa
et al. provided the first direct, undeniable evidence of this breach by collecting human placentas from
normal, uncomplicated pregnancies and subjecting them to micro-Raman spectroscopy [3]. Their analysis
revealed spherical and irregularly shaped microplastic particles embedded across all structural components
of the placenta, including the maternal decidua, the fetal villous chorion, and the amniotic membranes.

Building upon these findings, subsequent extensive cohort analyses by Braun et al. and Hu et al. verified
that placental infiltration is a widespread phenomenon rather than an isolated occurrence [4], [5].
Quantitative analysis revealed that the predominant polymers isolated were polyethylene (PE),
polypropylene (PP), and polystyrene (PS), with particle sizes frequently spanning the sub-micrometric
nanoplastic range. The mechanism of transport across the placental interface is highly size-dependent.
While larger microplastics (>10 mum) are generally trapped within the maternal intervillous spaces,
nanoplastics (<1 mum) actively exploit endocytosis pathways, passive paracellular diffusion, and active
energy-dependent transport mechanisms. Trophoblast cell membranes mistake these nanoplastic particles
for endogenous lipophilic molecules or nutrients, facilitating their internal transport into the villous core,
where they directly access the fetal capillary network. Consequently, the developing fetus experiences
continuous plastic exposure during critical stages of organogenesis.

Postnatal Vectors: The Neonatal Exposome

Upon transitioning from the intrauterine environment to postnatal life, neonates enter an environment filled
with synthetic polymers, resulting in an immediate escalation in daily
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MNP exposure. A landmark study by Li et al. evaluated the generation of microplastics from consumer
products made of polypropylene, focusing specifically on infant formula bottles [6]. By replicating standard,
international guidelines for formula preparation-which involve hightemperature sterilization with water
heated to 70 degC followed by vigorous manual shaking- the investigators discovered that polypropylene
bottles shed astronomical quantities of microplastics. Their precise measurements demonstrated the
release of up to 16.2 million microplastic particles per liter of fluid, alongside billions of sub-micrometric
nanoplastics. Consequently, infants fed via standard plastic bottles ingest an estimated several million
plastic particles daily, a mass-adjusted exposure rate several orders of magnitude higher than that of the
average adult consumer.

This exposure is further complicated by natural biological vectors. Research by Liu et al. demonstrated that
human breast milk itself can contain microplastics, reflecting the mother's own systemic bio-burden and
environmental exposures [7]. Furthermore, when infants transition to crawling behaviors, their proximity to
floor surfaces dramatically increases their exposure to indoor air dust. Indoor dust serves as a major
repository for synthetic carpet fibers, textile fragments, and degrading consumer materials. This
multipathway exposure loop is confirmed by analyses of neonatal meconium and pediatric infant stool
samples. Research by Baeza-Martinez et al. and Schwabil et al. identified high concentrations of
polyethylene terephthalate (PET) and polypropylene within infant meconium, proving that infants are
actively passing large masses of environmental plastics through their gastrointestinal systems starting from
their very first bowel movements [8], [9].

Tissue Bioaccumulation Across Five Core Pediatric Matrices

The extracted literature confirms that ingested and inhaled MNPs do not simply pass harmlessly through
the gastrointestinal or respiratory tracts. Instead, a significant fraction undergoes systemic translocation,
migrating via the bloodstream and lymphatic systems to accumulate within deep visceral tissues. Table 1
synthesizes the empirical evidence characterizing this accumulation across five distinct pediatric and
maternal-fetal matrices, mapping out the precise polymer distributions, particle sizing metrics, and primary
cellular toxicological outcomes identified in the reviewed studies.

Table 1: Systematic Mapping of MNPs Across Maternal-Fetal and Pediatric Matrices

Discussion and Toxicological Mechanisms

The accumulation of MNPs across multiple pediatric tissues raises serious concerns about long-term
biological consequences. Synthesizing the experimental data from human cell lines and translational
mammalian models reveals that MNP toxicity operates through three distinct, interrelated pathways: the
physical disruption of cellular architecture, the generation of severe biochemical stress, and the systemic
delivery of chemical additives.

Cellular and Molecular Toxicity Mechanisms

At the single-cell level, the physical presence of sharp, rigid polymer fragments inside soft cytosolic spaces
causes immediate mechanical trauma. Nanoplastics can directly penetrate outer cell membranes and
accumulate within vital intracellular organelles, including lysosomes, the endoplasmic reticulum, and
mitochondria. Research by Wright et al. and Wang et al. demonstrates that when nanoplastics embed inside
the mitochondrial matrix, they disrupt electron transport chain dynamics [12], [14]. This disruption triggers a
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massive increase in the production of intracellular Reactive Oxygen Species (ROS). The resulting oxidative
stress overwhelms the child's immature antioxidant enzyme defenses, causing widespread lipid
peroxidation of cell membranes, structural damage to proteins, and DNA strand breakage. This pathway
frequently culminates in accelerated, premature apoptosis (programmed cell death) within developing
visceral tissues.

Chronic Inflammatory and Immunological Responses

When tissue cells undergo apoptosis or experience severe mechanical stress due to MNP accumulation,
they release damage-associated molecular patterns (DAMPS) into the surrounding extracellular matrix. This
danger signaling triggers the rapid recruitment and hyper-activation of resident macrophages and
neutrophils. Because these immune cells lack the enzymatic machinery required to break down synthetic
plastic polymers, they experience "frustrated phagocytosis." Unable to clear the plastic particles, the
immune cells enter a state of chronic, unremitting activation, continuously secreting pro-inflammatory
cytokines such as Tumor Necrosis Factor-alpha (TNF-alpha), Interleukin-6 (IL-6), and Interleukin-8 (IL-8)
[11], [15].

This persistent, low-grade inflammatory state is particularly damaging within the delicate respiratory
architecture of growing children. Inhaled plastic microfibers settle deep within the distal alveolar spaces,
where they actively disrupt the integrity of the tight junctions that seal the alveolar-capillary barrier. This
increased permeability permits the entry of external allergens, environmental pollutants, and pathogens,
while driving severe bronchial airway hyper-responsiveness. This pathological cascade directly mirrors the
clinical findings of Zhang et al., who documented a strong positive correlation between high concentrations
of microplastics in pediatric sputum and the clinical severity of childhood asthma attacks [11].

The "Trojan Horse" Phenomenon: Additive Leachate and Endocrine Disruption

Beyond the direct toxicity of the core plastic polymers, MNPs act as highly potent chemical vectors via a
mechanism known as the "Trojan Horse" effect. During industrial manufacturing, pure plastic resins are
blended with a diverse array of chemical additives designed to enhance flexibility, durability, or flame
resistance. These additives include phthalates (e.g., DEHP), bisphenols (e.g., BPA), per- and polyfluoroalkyl
substances (PFAS), and various heavy metal stabilizers. Crucially, these additives are not chemically bound
to the underlying polymer backbone; instead, they are held within the plastic matrix by weak van der Waals
forces.

When MNP particles are ingested or inhaled, the warm, surfactant-rich fluids of the human gastrointestinal
or respiratory tracts accelerate the leaching of these additives directly into surrounding tissues. Because
these additives are highly lipophilic, they cross biological membranes with ease. Once inside the systemic
circulation, bisphenols and phthalates act as potent endocrine-disrupting chemicals (EDCs). They bind
directly to nuclear hormone receptors-such as estrogen receptors (ERs), androgen receptors (ARs), and
thyroid hormone receptors (TRs)-either mimicking or blocking natural hormone signals. During fetal
development and early childhood, even minute parts-per-billion alterations in hormone balances can
permanently alter epigenetic programming, disrupt metabolic homeostasis, skew pubertal timing, and
impair neurodevelopmental signaling cascades within the central nervous system [5], [15].

Knowledge Gaps, Clinical Guidance, and Future Horizons

MAPPING MICROPLASTICS IN PEDIATRIC MATRICES: A SYSTEMATIC REVIEW OF BIOACCUMULATION AND HEALTH TRAJECTORIES FROM GESTATION TO ADOLESCENCE

Md Nawaz Shahzada Khan, Khadija, Indra Gupta, Muktarali Kyzy Begimai

6/9




ARTICLE
IJ M EAR | International Journal of Medical Education And Research

Vol. 7 -

Open Access - CC BY 4.0
No. 2 - November 2026

While the evidence gathered up to 2026 establishes that microplastics are actively accumulating within the
maternal-fetal and pediatric compartments, the field of environmental pediatrics is still in its infancy. Critical
knowledge gaps remain that prevent a complete understanding of this threat. Foremost among these is the
lack of long-term, multi-decade longitudinal epidemiological cohort studies. Current research provides
cross-sectional proof of accumulation at specific moments in time, but the field lacks data tracking how a
specific intrauterine or neonatal MNP tissue burden translates into clinical disease phenotypes-such as
metabolic syndrome, autoimmune disorders, or neurodevelopmental conditions-as the child grows into
adulthood.

Furthermore, there is an urgent need to standardize analytical extraction and quantification methodologies
globally. Currently, different laboratories utilize varying thresholds for particle sizing, distinct spectroscopic
configurations, and divergent tissue digestion techniques. This methodological heterogeneity makes it
difficult to conduct precise, large-scale meta-analyses or to establish definitive, universally accepted
regulatory safety limits for human plastic exposure.

Faced with these clear risks, pediatricians and healthcare providers cannot afford to wait decades for final
regulatory mandates. Clinicians have a duty to offer proactive, evidencebased guidance to families to help
minimize daily MNP exposure. Pediatricians should counsel parents on several simple, high-impact
behavioral changes:

Avoid heating or microwaving infant food, breast milk, or formula inside plastic containers or bottles. All
sterilization processes should be performed in glass or stainless steel vessels, allowing fluids to cool
completely before transfer.

Minimize the use of single-use plastic consumer goods, opting instead for glass, ceramic, or stainless steel
alternatives for infant feeding and food storage.

Implement regular, wet-mopping and HEPA-vacuuming routines within indoor living spaces to clear
accumulated microplastic floor dust, and select infant toys fabricated from natural fibers or solid wood rather
than soft, synthetic polymers.

Conclusions

This systematic review demonstrates that microplastics and nanoplastics are no longer just external
environmental pollutants; they are active, internal biological components of the human maternal-fetal and
pediatric exposome. From the earliest stages of prenatal development, the placental barrier is breached,
exposing the developing fetus to synthetic polymers. Postnatally, children face an immediate escalation in
exposure driven by consumer feeding products and indoor environments, resulting in verified
bioaccumulation across vital tissues, including the gastrointestinal tract, the respiratory system, and
myocardial structures.

The cellular and molecular evidence confirms that these particles drive localized oxidative stress, trigger
chronic inflammatory cascades, and act as "Trojan Horses" that deliver endocrine-disrupting chemicals
deep into developing tissues. Mitigating this risk requires an immediate, coordinated response from the
global scientific, clinical, and regulatory communities. It is imperative that we establish standardized
bio-detection metrics, launch robust longitudinal tracking studies, and implement public health policies
designed to reduce children's contact with synthetic polymers. Protecting pediatric development from the
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longterm effects of plastic bioaccumulation is a vital public health priority for securing the health of future
generations.
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This is for informational purposes only. For medical advice or diagnosis, consult a professional. Al
responses may include mistakes.
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