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Abstract 

Neuroendocrine Disruptors (NEDs) are increasingly recognized as a significant environmental and public health concern, particu-
larly in low-resource settings where environmental contamination and inadequate waste management may increase human exposure. 
NEDs include a heterogeneous group of exogenous chemicals capable of interfering with hormonal and neurotransmitter systems, 
thereby altering neuroendocrine regulation and potentially affecting multiple physiological processes. This review examines the 
main sources of exposure to NEDs in populations living in low-resource environments, with particular attention to micro- and 
nanoplastics, pesticides, bisphenols, phthalates, and dioxins. Evidence from experimental and epidemiological studies indicates that 
these contaminants may influence neurodevelopment, reproductive health, metabolic regulation, and immune function. Vulnerable 
populations – including pregnant women, fetuses, children, and occupationally exposed workers – appear particularly susceptible to 
the effects of NED exposure. In addition, environmental pathways such as contaminated water, food products, cosmetics, and elec-
tronic waste represent important routes of human exposure, especially in regions characterized by rapid industrialization and limited 
regulatory oversight. The review also discusses the challenges faced by low- and middle-income countries in monitoring and miti-
gating exposure to neuroendocrine disruptors. Finally, emerging strategies aimed at reducing environmental contamination are 
explored, including improved waste management policies, preventive public health measures, and the potential application of artifi-
cial intelligence technologies for the rapid detection of nano-microplastics in consumer products. Strengthening research capacity 
and environmental health policies in low-resource settings is essential to reduce exposure and protect vulnerable populations.
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Introduction 
Human exposure to Micro- and Nanoplastics (MNPs) repre-

sents a global challenge due to their widespread presence in the 
environment. However, significant knowledge gaps remain regard-
ing their adverse effects on organs and tissues, including the 
endocrine system.1 Neuroendocrine Disruptors (NEDs) represent 
an underestimated public health challenge worldwide, with a high-
er risk in low-resource settings.2 NEDs are a group of exogenous 
substances that mimic, block, or interfere with hormones and neu-
rotransmitter functions, acting as agonists or antagonists of hor-
mone receptors and leading to dysregulation of the neuroendocrine 
system.3,4 NEDs are ubiquitous in environmental, industrial, and 
agricultural contexts, with high levels of contamination in develop-
ing nations characterized by heavy pesticide reliance, weak regu-
latory oversight, and limited waste management.5 The major 
sources of exposure to NEDs are industrial and electronic waste, 

agricultural pesticides, water contamination, consumer goods and 
plastics. MNPs, defined as plastic fragments smaller than 5 mm, 
have recently been identified as endocrine disruptors, mainly due 
to the chemicals they release.6 MNPs have been reported to disrupt 
the Hypothalamic-Pituitary-Gonadal (HPG), Hypothalamic-
Pituitary-Thyroid (HPT), and Hypothalamic-Pituitary-Adrenal 
(HPA) axes, with potential short- and long-term effects on 
endocrine glands and overall human health.7 Endocrine disruption 
induced by MNPs occurs through the aberrant activation or inhibi-
tion of signaling pathways that interfere with hormonal balance 
and trigger apoptosis, oxidative stress, and inflammation in 
endocrine cells.8 Due to their small size (microplastics < 5 mm; 
nanoplastics < 1 µm), MNPs can cross the intestinal and respirato-
ry barriers, enter the bloodstream, and affect the function of vari-
ous body systems, including the digestive, reproductive, and nerv-
ous systems, by inducing cellular stress such as oxidative stress 
and endoplasmic reticulum stress.9 Furthermore, due to widespread 
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plastic pollution in soil, rivers, and oceans, MNPs can affect a wide 
range of organisms, including terrestrial and marine invertebrates 
and vertebrates. This leads to the amplification of toxic effects 
along the food chain, ultimately posing risks to human reproduc-
tive health.10 MNPs have been shown to accumulate in the heart, 
promoting the development of acute and chronic cardiac patholo-
gies, including abnormal heart rate, impaired cardiac function, and 
myocardial fibrosis. This suggests that MNP exposure may repre-
sent a novel cardiovascular risk factor.11  

Taken together, these data clearly demonstrate that plastic pol-
lution resulting from human activities represents a critical global 
threat to human health, with MNPs playing a key role due to their 
ability to enter human cells and act as endocrine disruptors. 

The aim of this work is to provide the most recent literature 
regarding the major sources of exposure to NEDs in populations 
living in low-resource settings, with particular focus on high-risk 
populations and vulnerable subjects. We also discuss the neuroen-
docrine health impacts of NEDs, with special attention to neurode-
velopmental disorders. The work’s purpose is to highlight the key 
role of MNPs as potential toxicants and endocrine disruptor. The 
final sections of this review focus on the challenges faced by low-
resource nations and on potential mitigation strategies aimed at 
improving the protection of exposed populations from the detri-
mental effects of MNPs and NEDs. The possible role of artificial 
intelligence (AI) models in addressing this challenge is also dis-
cussed,  

 
Search and selection methodology 

An integrative literature review was conducted using peer-
reviewed articles published between 2020 and 2025, retrieved 
from databases such as PubMed, Scopus, and ScienceDirect. The 
selected studies examined the pathological effects of MNPs as 
NEDs in humans, their main exposure sources, key mechanisms of 
action, and their growing threat to public health. 

 
 

The neuroendocrine disrupting hypothesis 
The neuroendocrine disruption hypothesis was first proposed 

in 1991 by a group of scientists who defined the concepts of bioac-
cumulation, long latency between exposure and symptom presen-
tation, and critical windows of susceptibility, including gestation 
and the perinatal period.12 One of the clearest pieces of evidence 
supporting the neuroendocrine disruption hypothesis comes from 
the Estrogenic Pharmaceutical Diethylstilbestrol (DES), which 
was administered in clinical practice to pregnant women to prevent 
miscarriage.13 Newborns exposed to high levels of DES during 
gestation appeared anatomically normal at birth, but females later 
in life showed a higher incidence of abnormalities of the reproduc-
tive tract and an increased prevalence of vaginal and cervical can-
cer.14 This tragic event provided clear evidence that prenatal expo-
sure to a drug or toxic substance can reprogram susceptibility to 
disease later in life, both during childhood and adulthood, linking 
the neuroendocrine disruption hypothesis with the Barker hypoth-
esis of fetal programming of adult diseases.15,16 The DES case 
opened a window on the potential impact of exposure to NEDs 
during gestation on fetal neuroendocrinology, a research field that 
is still in its infancy. Several studies suggest that fetal exposure to 
endocrine disruptors may interfere with reproductive neuroen-
docrinology.17 

 

Neuroendocrine disruptors  
According to the United States Environmental Protection 

Agency (EPA), Endocrine-Disrupting Chemicals (EDCs) are 
exogenous substances or mixtures that alter the structure or func-
tion of the endocrine system and cause adverse effects. NEDs are 
more specifically defined as environmental pollutants that act as 
agonists, antagonists, or modulators of the synthesis and metabo-
lism of neurotransmitters, ultimately producing alterations in hor-
monal processes that regulate development, reproduction, growth, 
stress responses, and other physiological functions.18 In 2018, the 
European Food Safety Authority (EFSA) and the European 
Chemicals Agency (ECHA) published guidance for the identifica-
tion of endocrine disruptors, which currently represents a key ref-
erence framework for researchers investigating NEDs.19 This guid-
ance contains the strategy to assess whether a substance meets the 
endocrine disruptor criteria. 

Examples of well-known NEDs include the following. 
 

Microplastics and nanoplastics 
Global plastic production has increased dramatically over the 

past decades, exceeding 368 million tons in 2019 and permeating 
nearly every aspect of modern life and the environment.20 The prin-
cipal process utilized in plastic production is polymerization, a 
process that is rarely reversible to give rise to the starting 
oligomers.21 Plastic waste undergoes fragmentation, breaking 
down into microplastics (<5 mm) and nanoplastics (<0.1 µm).22 
Nanoplastics and microplastics may be detected in food, particu-
larly in sea food23 as well as in personal care products24 and may 
have a relevant impact on human health.25  

 
Phthalates 

Phthalates are a family of widely used plasticizers in the 
Polyvinyl Chloride (PVC) industry.26 PVC products discarded after 
use can release phthalates, contaminating groundwater and soil and 
entering the food chain. Children are particularly vulnerable to phtha-
late exposure because these compounds are present in many plastic 
toys. Regarding their mechanism of toxicity, phtalates can induce 
mitochondrial dysfunction27 and induce apoptosis of neurons.28 

 
Bisphenols 

Bisphenols are chemical compounds commonly used in the 
inner coating of aluminum cans and other polymer materials, with 
potential leaching into food and beverages.29 They can damage the 
nervous and endocrine systems by mimicking estrogen pathways.30 
Bisphenol A has been detected in maternal breast milk and in tis-
sues of lactating newborns even in the absence of known environ-
mental exposure.31,32 

 
Pesticides 

Multiple pesticides, including DDT, glyphosate, atrazine, and 
chlorpyrifos, possess neuroendocrine-disrupting properties.33 
Human exposure occurs through occupational activities and 
dietary intake. Pesticides may interfere with androgen and estrogen 
receptor activity.34 The global use of agricultural pesticides has 
increased in recent years, contributing to widespread human expo-
sure through multiple environmental pathways, including ground-
water, surface water, soil, food, and drinking water.35 Exposure to 
pesticides has been associated with congenital anomalies, repro-
ductive disorders, and cancer through their endocrine-disrupting 
properties.36  
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Dioxins 

Dioxins are potent environmental pollutants that act as neu-
roendocrine disruptors, causing developmental and neurological 
abnormalities through long-term effects on DNA methylation.37 
The most toxic dioxin, TCDD (2,3,7,8-tetrachlorodibenzo-p-diox-
in), can disrupt hormone signaling and interfere with human 
embryonic development through oxidative damage and mitochon-
drial dysfunction.38 In addition to disrupting hormonal signaling, 
dioxins can impair immune function and have been associated with 
liver disease and cancer.39 

The mechanisms through which NEDs interfere with the 
human endocrine system and physiological processes are multiple 
and partly unknown. Some endocrine-disrupting chemicals have 
been shown to disrupt the integrity of the air–blood barrier in the 
lungs, allowing noxious substances and microbes to penetrate lung 
tissue, thereby increasing the risk of infections.40 Organochlorine 
pesticides can agonize or antagonize hormone receptors, adversely 
affecting crosstalk between neurotransmitter systems.41 Most 
NEDs likely act by altering endogenous hormone concentrations 
or availability, or by modifying hormone receptor turnover, where-
as a smaller proportion act as hormones by binding to and activat-
ing hormone receptors.42 Recent studies on the intracellular free 
concentration of endocrine-disrupting chemicals have confirmed 
that some NEDs can activate estrogen receptor alpha, thereby dis-
rupting normal endocrine function.43  

Some NEDs impair neurotransmission, with severe conse-
quences for neurological health. Recent studies have shown an 
association between exposure to NEDs and neurodegenerative dis-
eases such as Alzheimer’s and Parkinson’s disease, as well as an 
increased risk of autism spectrum disorder.44 Exposure to 
Polychlorinated Bisphenyls (PCB) has been associated with an 
increased risk for neurodegenerative diseases.45 Some studies have 
shown that NEDs exert detrimental effects on central dopaminer-
gic neurons, which may contribute to neurodevelopmental disor-
ders, leading to impaired memory and cognitive function NEDs, 
such as microplastics, phthalates, and bisphenol A, induce oxida-
tive stress by increasing the production of Reactive Oxygen 
Species (ROS) and depleting antioxidant defenses in target cells.46 
Another relevant effect related to NEDs at cellular level, is repre-
sented by mitochondrial dysfunction. Mitochondrial dysfunction 
might play a crucial role in cellular energy generation, increasing 
the susceptibility to the insurgence of type 2 diabetes in exposed 
subjects.47 Immune dysregulation is another possible consequence 
of exposure to NEDs. Immune and mitochondrial dysfunction, 
both induced by endocrine disruptors, have been associated with 
an increased risk of Alzheimer’s disease.44  

NEDs can also modify epigenetic markers, such as DNA 
methylation status, and induce histone modifications. Disruption 
of these processes by endocrine disruptors during the perinatal 
period may lead to long-term reprogramming of DNA methylation 
and sex steroid hormone receptor expression.48 Exposure to some 
NEDs, including phthalates and bisphenol A, has been associated 
with abnormalities of the hypothalamic-pituitary axis, that plays a 
critical role in the control of the endocrine system.49 NEDs might 
interfere with hormone synthesis, metabolism and action, leading 
to relevant endocrine irregularities. When neuroendocrine home-
ostasis is disrupted by NEDs, a variety of perturbations can ensue, 
particularly on endocrine and reproductive functions.50  

 

Major sources of NEDs exposure 
Humans are exposed daily to numerous potentially harmful 

chemicals, including compounds with neuroendocrine-disrupting 
properties. These substances may enter the body through multiple 
exposure routes, including ingestion, inhalation, and dermal 
absorption. Although exposure levels are often low, chronic expo-
sure over long periods may result in significant adverse health 
effects later in life. The main sources of NED exposure are sum-
marized below. 

 
Water contamination 

As the global consumption of pharmaceuticals increases, 
including in low-resource settings, surface waters are becoming 
increasingly contaminated with a wide range of pharmaceutical 
compounds, including Nonsteroidal Anti-Inflammatory Drugs 
(NSAIDs), antibiotics, synthetic estrogens, beta-blockers, and 
Selective Serotonin Reuptake Inhibitors (SSRIs).51 Numerous 
pharmaceutical compounds are increasingly detected in aquatic 
environments, including the selective serotonin reuptake inhibitor 
fluoxetine (Prozac), which has been implicated in neuroendocrine 
disruption.52  

 
Food contamination 

In recent years, MNPs have increasingly entered the food sup-
ply, raising concerns about potential risks to human health.53 
Furthermore, phthalates have been reported in food packaging and 
other food-contact materials.54 Bisphenol A, widely used in the 
production of epoxy resins and polymer-based materials, has been 
detected in food.55 

 
Cosmetics 

The presence of nanoplastics in cosmetic products has been 
reported in several studies. Their ability to cross the skin barrier 
and enter the bloodstream has raised concerns and prompted calls 
for stricter regulation or potential bans.56  

 
Electronic waste 

In the context of neuroendocrine disruptor pollution, electronic 
waste (e-waste) is emerging as an important source of microplastic 
and heavy metal contamination. This issue is particularly relevant 
in developing countries, where discarded electronic devices are 
often processed in informal dumping sites, leading to mechanical 
fragmentation into microplastics that contaminate soil and water.57  

 
Agricultural pesticides 

In recent years, microplastics and nanoplastics in agricultural 
systems have raised concerns regarding plant health and potential 
risks to human health.58 The accumulation of microplastics in soil 
is often associated with the presence of heavy metals and pesti-
cides, with potential effects on plant physiology and implications 
for food quality and safety. 

 
 

Conflicting research findings regarding human 
toxicity of neuroendocrine disruptors 

Conflicting results in the literature regarding human toxicity 
associated with exposure to NEDs mainly arise from the complex-
ity of exposure scenarios, challenges in assessing low-dose effects, 
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and variability in experimental methods across studies.50 
Discrepancies among experimental studies often stem from the use 
of different study protocols, animal models or cell lines.59  

Studies in pregnant animals investigating the effects of NEDs 
on the fetal brain at different developmental stages have often pro-
duced conflicting results, likely due to changes in brain sensitivity 
during specific embryological stages. The use of different animal 
models, such as mice, rats, and zebrafish, may also contribute to 
inconsistent findings, given species-specific differences in meta-
bolic rates and sensitivity to chemicals. It should also be consid-
ered that translating findings from animal studies to humans 
remains a persistent challenge in literature. 

A key issue in evaluating the effects of NEDs is the so-called 
“cocktail effect”.60,61 While most experimental data focus on expo-
sure to a single endocrine disruptor, real-world human exposure 
rarely involves a single factor but rather a “cocktail” of substances, 
including nanoplastics, microplastics, phthalates, bisphenols, pes-
ticides, and pharmaceuticals.62 The combined effects of multiple 
NEDs can be synergistic or antagonistic, contributing to conflict-
ing findings regarding their toxicity. 

Taken together, these challenges highlight the lack of a com-
prehensive body of literature on global research efforts addressing 
human toxicity due to exposure to NEDs, with low- and middle-
income countries underrepresented in both research and epidemio-
logical data on endocrine disruptors.63 In short, there are limita-
tions of current knowledge regarding the influence of NEDs on 
human health, that induced some authors to define it “the invisible 
influence”.64  

 
 

High-risk subjects and vulnerability in  
low-resource setting populations 
Pregnant women and fetuses 

Microplastic pollution represents a growing concern for human 
health because of its potential to impair fetal development during 
gestation. Microplastics of varying sizes have been detected in the 
placenta and fetal tissues, where they may influence the fetal intes-
tinal microbiome and have been associated with reduced birth 
weight and impaired fetal growth.65 Furthermore, exposure to 
nanoplastics during pregnancy has been shown to alter microglial 
activity and neuronal differentiation in the fetal brain, affecting 
neurotransmitter levels and synaptic integrity.66 Understanding 
how microplastics and nanoplastics affect pregnancy and mater-
nal–fetal health remains a major challenge for the scientific com-
munity.67 Microplastics and nanoplastics have been detected in the 
neonatal brain after crossing the blood–brain barrier, where they 
may induce oxidative stress and neuroinflammation and have been 
associated with behavioral alterations in newborns.68 According to 
several authors, the perinatal period represents a particularly vul-
nerable window of exposure, during which multipotent stem/prog-
enitor cells present in breast milk may act as carriers of MNPsand 
other NEDsto the developing brain of the newborn.  

 
Children 

Infancy and childhood represent sensitive windows of vulner-
ability to environmental exposure to MNPs, largely due to the 
immaturity of physiological defence mechanisms.69 Although the 
health effects of MNPs remain poorly understood, the detection of 
these particles in blood and myocardial tissue raises concerns 
about early-life exposure.70 

Adolescents 
Exposure to MNPs during adolescence has been reported to 

induce cognitive impairments in experimental animals, including 
inhibition of neurogenesis and cell damage in the hippocampus.71  

 
Occupational workers 

Workers in textile industries, plastic manufacturing, 3D print-
ing, and waste management are exposed to higher concentrations 
of inhaled MNPs compared with the general population.72 In occu-
pational settings, the primary route of exposure is the inhalation of 
airborne particles.73 The degradation of carpets and other synthetic 
fiber products can release airborne fibers rich in MNPs.74 

 
 

Challenges in health status protection against 
NEDs in low-resource settings 

Waste mismanagement, one of the major drivers of environ-
mental contamination by neuroendocrine disruptors, including 
MNPs, disproportionately affects low- and middle-income coun-
tries, particularly in Africa.75 In particular, Sub-Saharan Africa 
faces increasing levels of plastic production and imports which, 
combined with inadequate waste management, contribute to wide-
spread plastic pollution with significant environmental and public 
health impacts.76 Plastic pollution represents a critical issue in 
many African countries, driven by limited waste management and 
recycling capacity. Approximately 17 million tons of plastic waste 
are generated annually, with around 80% ending up in landfills or 
the environment and less than 9% being recycled.77,78 With plastic 
production projected to double over the next 20 years, African 
countries are expected to face severe impacts from plastic pollu-
tion in the absence of immediate action, posing significant risks to 
marine life and human health.79 Despite the African Union’s goal 
to increase plastic waste recycling, the continent faces significant 
barriers to achieving this target in low-resource settings due to eco-
nomic, infrastructural, and social challenges.80 Pyrolysis technolo-
gy has been proposed as a viable solution to plastic waste manage-
ment, as it can convert plastic into byproducts such as oil, char and 
syngas.81  To address plastic pollution in developing countries, the 
implementation of mitigation strategies is essential.82 In rural com-
munities affected by plastic pollution, plastic waste management 
may represent an opportunity by fostering circular economy initia-
tives and supporting low-income populations.83 The implementa-
tion of plastic bag bans in Rwanda, Kenya, and Uganda has 
enabled these countries to adopt circular economy and sustainable 
policies, with encouraging environmental outcomes.84 In Nigeria, 
the introduction of a plastic ban has contributed to reducing marine 
plastic pollution, highlighting a pathway for environmental protec-
tion policies targeting NEDs and micro- and nanoplastic 
pollution.85  

In low-income Asian countries, plastic pollution is a wide-
spread and major problem, mainly related to limited waste man-
agement infrastructure and, as in many African countries, to the 
large-scale import of plastic waste from developed countries.86 
Countries such as Malaysia, Vietnam, and Cambodia are affected 
by “waste colonialism”, characterized by the import of plastic 
waste from high-income countries, often in the absence or scarcity 
of local infrastructure to manage it, resulting in environmental 
damage. Improper plastic waste management poses health risks to 
local populations, particularly to communities that rely on fishing. 
Low-income countries in South and Southeast Asia have witnessed 
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an unprecedented increase in aquatic and terrestrial plastic and 
MNPs pollution in soil, water, and air.87 Regional policies to 
address plastic and microplastic pollution have been proposed in 
recent years in several South Asian countries, including India, 
Bangladesh, the Maldives, Sri Lanka, and Pakistan.88  

Mismanagement of plastic waste often results in marine plastic 
pollution, environmental degradation, and health risks for local 
communities.89 High poverty rates drive the consumption of low-
cost food packaged in single-use plastic sachets, which are difficult 
to recycle.  

 
 

Potential mitigation strategies aimed to halt NEDs 
epidemics 

Remediation technologies, together with institutional and leg-
islative measures for improved waste management of MNPs, rep-
resent key strategies to reduce pollution from NEDs and human 
exposure, particularly in low- and middle-income countries.90 
Moreover, addressing plastic pollution requires a coordinated set 
of strategies aimed at monitoring plastic production and improving 
waste management, supported by appropriate regulatory 
measures.91 In summary, a comprehensive policy framework is 
needed to better address the environmental impacts affecting pop-
ulations in low-resource countries and the human health risks asso-
ciated with exposure to plastics and other NEDs.92   

In low-income countries characterized by high levels of MNP 
water pollution, novel strategies should be implemented to prevent 
population overexposure, given that prolonged MNP release poses 
a significant threat to ecosystems and their inhabitants.93 The 
removal of micro-nanoplastics originated from diverse sources 
requires innovative technologies capable of effectively eliminating 
them from the environment.94 Various remediation techniques have 
been proposed to address MNP pollution, including physical, 
chemical, and microbial bioremediation approaches, as well as 
adsorption, offering promising avenues to tackle this global issue. 
Among these methods, biotechnological approaches stand out as 
effective and sustainable solutions for managing NEDs and other 
toxic compounds. Recently, novel membrane separation processes 
have attracted considerable attention due to their high efficiency in 
removing MNPs. Through these methods, dissolved organic mat-
ter, extracellular polymers, and suspended particles, including 
nanoplastics and microplastics, can be retained on the membrane 
surface. On this basis, the removal of MNPs from drinking water 
in low-income countries affected by river pollution appears to be 
an achievable goal in the coming years. In the field of MNP 
removal from wastewater, micro/nanorobots have been proposed 
as a promising solution to improve water monitoring and efficient-
ly remove MNPs. These systems can capture MNPs through elec-
trostatic adsorption and electrophoretic interactions, followed by 
separation under the action of an external rotating magnetic field. 
Although micro/nanorobots appear to be a promising technology 
for the removal of MNPs from water, their applications still require 
further investigation. Magnetic nanomaterials, such as iron oxide 
nanoparticles, as well as magnetic nanocomposites, have recently 
been proposed as novel remediation strategies for MNP pollution 
in terrestrial and aquatic environments.  

 
 

Conclusions 
Research on NEDs has increasingly been recognized as an 

important issue for both human health and environmental protec-
tion.2 This field of research is still evolving, as many questions 
remain unanswered regarding the numerous substances capable of 
disrupting the neuroendocrine system and the mechanisms of 
action of many neuroendocrine disruptors, which remain only par-
tially understood.95 In this complex scenario, low- and middle-
income countries remain underrepresented in scientific research, 
despite the fact that populations living in low-resource settings are 
among the most vulnerable to the effects of NEDs due to the high 
levels of environmental contamination often present in these 
regions. There is a growing need for risk assessment of exposure 
to endocrine disruptors and for initiatives aimed at reducing expo-
sure. Additional precaution is required to address this global health 
challenge.   

In this review, we have summarized the most relevant findings 
from the literature on the high levels of plastic, particularly MNP, 
pollution in the environment, with low-income countries repre-
senting the most exposed and vulnerable regions worldwide. In 
this context, a key finding is the limited awareness of the general 
population on this issue, especially in low-income settings, where 
exposure to MNPs and NEDs is highest. 

We have also highlighted several methods developed to 
address MNP pollution in water, which may support the future 
development of government policies aimed at improving drinking 
water quality by reducing contamination from MNPs and other 
neuroendocrine disruptors. However, some of these technologies, 
such as nanorobots, remain costly and are not readily accessible in 
low-resource countries. 

Future research should be supported by governments to pro-
mote the development of affordable and effective technologies for 
mitigating water contamination by MNPs, neuroendocrine disrup-
tors, and other toxicants. The EU-funded ENDOMIX project rep-
resents an important model for low-resource countries seeking to 
better understand how everyday exposure to chemicals with neu-
roendocrine-disrupting properties affects human health. 
ENDOMIX, funded by the European Union’s Horizon Europe 
research and innovation program (grant agreement No. 
101136566), aims to address several relevant questions regarding 
the impact of exposure to NEDs on human health; i) how do NEDs 
interfere with or modify neuroendocrine processes in the human 
body? ii) What are the potential consequences of NED exposure 
for human health? iii) Which diseases may be caused or exacerbat-
ed by NED exposure, particularly asthma, allergies, reproductive 
disorders, and metabolic syndrome? iv) How do NEDs act as mix-
tures in the human body, with particular attention to the “cocktail 
effect”? v) What are the critical windows of susceptibility during 
which the body is particularly sensitive to exposure to NEDs?  

The ENDOMIX project could represent a valuable model for 
low-resource countries seeking to develop initiatives aimed at pro-
tecting their populations from exposure to NEDs and implement-
ing preventive measures to reduce associated health risks. 
Preventive programs should provide practical recommendations to 
help individuals limit everyday exposure to chemicals with hor-
monal and neuroendocrine effects. Addressing this important pub-
lic health challenge in low- and middle-income countries will 
require coordinated efforts from authorities, the scientific commu-
nity, industry, and the active participation of the population.96 

Finally, Artificial Intelligence (AI) may represent a novel tool 
for the detection of microplastics. A deep-learning system has 
recently been developed that is capable of rapidly detecting 
microplastics in consumer products at low cost, with an accuracy 
of approximately 98%.97 This fast and accurate AI-driven method 
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could facilitate cost-effective detection of microplastics and, par-
ticularly in low-resource settings, enable the monitoring of 
microplastic content in consumer products, providing a basis for 
strategies aimed at reducing microplastic pollution. 
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