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ABSTRACT

Nowaday, plastic contamination is one of the most pressing environmental challenges. With annual production exceeding 360 million
tons, plastics have infiltrated into various parts of ecosystem and are alarmingly prevalent in gardens, agricultural fields, and soils of
industrial zones worldwide. Over time, these larger plastic particles degrade into smaller fragments, including microplastics (MPs) and
nanoplastics (NPs). Among these, NPs pose the most significant threat due to their diminutive size, allowing them to be absorbed by
living organisms and subsequently move into the food chain and leading to potential bioaccumulation. This review article aims to
synthesize current knowledge on the impact of micro and nanoplastics (MNPs) on soil health, plant physiology, and human health by
identifying key themes and knowledge gaps in the literature. Recent studies have highlighted the detrimental effects of MNPs on soil
health, revealing that agricultural practices, such as utilizing plastic mulch and synthetic fertilizers, have contributed to the elevated
MNP concentrations in soils worldwide. The uptake of MNPs by plants can alter their physiological and morphological characteristics,
as well as their gene expression profiles, leading to unpredictable consequences for plant health, growth, and productivity. These
contaminants can be absorbed directly into plant tissues or adhere to root surfaces, raising concerns about the potential transfer of
MNPs into the food supply. The implications for human health are profound, as the consumption of contaminated crops may lead to
adverse health effects, including endocrine disruption and inflammatory responses. While the impact of traditional soil pollutants, such
as heavy metals, has been extensively studied, the emerging risks posed by plastic contaminants require urgent attention. This review
contributes to existing literature by broadening our understanding of MNPs and their effects, ultimately aiming to safeguard both plant
and human health despite escalating environmental plastic contamination.
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1. Introduction Union (EU-27 + 3) reached 50.3 million metric tons in
2021, illustrating the significant role that plastic plays in
various industries. Notably, plastic pollution (PP)
accounted for 10 million metric tons of this demand,
highlighting the environmental challenges associated with
plastic production. This pollution is prevalent in a wide
range of products, from banknotes to food packaging.
Among the polymers, low-density polyethylene (LDPE)
and linear low-density polyethylene (LLDPE) emerged as
the most sought-after materials in 2021. Additionally, the
global demand for polystyrene (PS) has notably increased,
rising from 13 million tons in 2000 to approximately 15
million tons in 2010. This surge in demand reflects the
broader trends in plastic production globally, where
regions like Asia, Europe, and North America continue to

Plastics have a significant impact on all facets of our daily
life, by discarding most used plastics after only one time
use. This practice has led to a serious environmental
problem, as discarded plastics accumulate in landfills,
oceans, rivers, and soils. Concerns have been raised when
the potential toxicity of these materials to both humans
and environment degrade from micro to nano sizes (Yee
et al., 2021; Bakhshaee et al., 2025).

Globally, plastic production has reached staggering
levels, with estimates of 50% manufacturing in Asia,
followed by Europe (19%), North America (18%), the
Middle East and Africa (7%), and Latin America (4%)
(Ali et al., 2021). In 2021, almost 390 million metric tons
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of plastics were produced, reflecting a 4% increase from drive significant manufacturing outputs, contributing both

the previou‘s year. China alone accgunted for 32,% of to economic growth and environmental concerns (Song et
global plastic production, manufacturing between six and al., 2020)

twelve million metric tons of plastic items per month.
North America, with an 18% share, produced 125.5 billion
pounds of plastic in 2022, marking another increase over
the previous year.

The demand for plastic converters in the European

Another side of the problem is long degradation time
of these materials, which can persist in the environment
for decades to millennia due to their chemical inertness
(Alabi et al., 2019). Small particles of plastic are produced
as large plastic items break down through chemical,
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physical, and biological processes such as water flow,
wind, animal digestion, and UV radiation. It is estimated
that up to 94% of the plastic wastes end up in landfills or
the environment, with only about 6-26% being properly
managed or recycled (Nizzetto et al., 2016).

Microplastics (MPs) and nanoplastics (NPs) are the
two most critical forms of plastic pollution. The MPs with
diameters ranging from 5 mm to 100 nm, while NPs are
particles measuring between 1 and 1000 nm (Cole et al.,
2011; Gigault et al., 2018). These particles are originated
from the primary or secondary sources by fragmentation
of larger plastic items. Common polymers used to create
MPs and NPs include PP, low-density polyethylene
(LDPE), high-density polyethylene (HDPE), polyvinyl
chloride (PVC), polyethylene terephthalate (PET),
polystyrene (PS), and polyamide (PA) (Barceld and Pico,
2019).

Research on micro and nanoplastics has significantly
evolved over the past two decades. Initial studies focused
primarily on the presence of these particles in marine
areas, with significant contributions from authors such as
Thompson et al. (2009), who first coined the term
"microplastics" and highlighted their ecological impacts.
Since then, the scope of research has expanded to include
terrestrial ecosystems, with a growing recognition of the
effects of MPs and NPs on soil health and agricultural
productivity (Wong et al., 2020). Recent developments
have emphasized the need for standardized methodologies
in sampling and analyzing microplastics across different
environments, as well as the importance of understanding
the mechanisms of toxicity and bioaccumulation in food
webs (Kochanek et al., 2025). Future research directions
should focus on long-term ecological impacts, potential
remediation strategies, and the development of
biodegradable alternatives to conventional plastics, which
could mitigate the ongoing pollution crisis.

The increasing presence of MPs and NPs in
agricultural soils raises significant concerns regarding
their impacts on ecosystems and human health (Wolff Leal
et al.,, 2025). Studies indicate that MPs and NPs can
penetrate deeper soil layers through tillage and soil biota
activities, potentially impairing plant growth and entering
the human food chain. These particles may remain in the
soil, be taken up by plants, and accumulate in edible parts,
posing risks to both plant and human health (Gao et al.,
2025).

This review aims to address the following guiding
question: How do micro and nanoplastics (MNPs) impact
agricultural productivity and human health? The following
sections will be structured as: (1) summarize the primary
sources and pathways of MNPs contamination in
agricultural soils, (2) critically evaluate the documented
effects of MNPs on plant physiology and growth, and (3)
synthesize the evidence for MNPs transfer through the
food chain and the potential implications for human
health.

River water
30%

Sea water
19%

Figure 1. Microplastics in different aquatic ecosystems.

2. Methodology

To ensure a rigorous and systematic review, we employed
a comprehensive literature search strategy using Scopus
and Google Scholar databases. Our search primarily
focused on articles published from 2018 to 2025, with
exceptions made for seminal studies published prior to this
timeframe when relevant literature was scarce. A
combination of  specific = keywords, including
microplastics, nanoplastics, soil, agriculture, plant uptake,
and toxicity, was used to capture a broad spectrum of
relevant research. Initially, we identified 150 articles
through this search process. After applying our inclusion
and exclusion criteria focusing on peer-reviewed
experimental and field studies relevant to our objectives,
we narrowed our selection down to 121 articles that
provided the most pertinent insights into the effects of
MPs and NPs on agricultural soils and plant physiology.

3. Results
3.1. The impacs of MNPs on aquatic environments

The increasing volume of plastic waste dumped into coastal
regions has raised significant concerns about the prevalence
of these debris with various sizes in marine environments and
its potential effects on aquatic life (Brandts et al., 2018). Once
in the water, larger plastic debris can be fragmented into
smaller polymers, such as MPs and NPs, through processes
of chemical and biological , and UV photodegradation
(Koelmans et al., 2015; Lambert and Wagner, 2016). Due to
their diminutive size, MPs and NPs evade removal by
standard wastewater treatment processes, resulting in their
inevitable entry into rivers, seas, and freshwater systems
(Vance et al., 2015). Figure 1 shows the amount of MPs in
different aquatic ecosystems (Bhowmik and Saha 2025).
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It is estimated that plastic constitutes up to 85% of all
marine debris, with approximately 80% of this waste
originating from terrestrial sources (Auta et al., 2017).
More than 800 million tons of plastics in the ocean are
believed to have originated from land-based activities.
Additionally, MPs and NPs are present in soil and can
eventually migrate to aquatic systems through natural
erosion processes (Horton et al., 2017). Of the 275 million
tons of plastic waste generated in 2010, between 4.8 and
12.7 million tons ended up in aquatic systems (Mattsson
et al., 2018). This highlights a critical gap in waste
management practices and the urgent need for improved
strategies to prevent plastic leakage into the environment.

Forecasts suggest that between 100 and 250 million
tons of plastic litter could enter marine ecosystems by
2025, worsening the existing problem. Current research
estimates that at least 5.25 trillion plastic particles,
weighing up to 270,000 tons, are floating in the oceans of
the world. Tiny plastic particles, defined as those smaller
than 200 um, are estimated to number between 15 and 51
trillion, accounting for approximately 93,000 to 236,000
tons, or around 1% of the global plastic waste (Rakesh et
al., 2020). The annual production of plastic, encompassing
over 5,800 distinct polymers, is approximately 400 million
tons, illustrating the issue’s enormity. According to
Barcel6 and Pico (2019), approximately 4 trillion plastic
bags and 1 million plastic bottles are used each year,
contributing to an estimated 4—12 million tons of plastic in
aquatic environments and around 270,000 floating plastic
objects in marine and coastal habitats. If the current trend
of plastic waste accumulation continues, MPs could
outnumber the fisheris activities by 2050 (Prata et al.,
2019), which poses serious ecological and economic
implications.

MPs can be ingested and accumulated by various
freshwater and marine species, including humans (Barria
et al., 2020). The small size of NPs allows them to
potentially disrupt the food chain, as they can concentrate
in secondary consumers and be absorbed by organisms
such as phytoplankton and zooplankton (Cedervall et al.,
2012). This raises critical questions about the long-term
ecological impacts of MNPs and their bioaccumulation in
aquatic food webs. Despite the growing body of research,
significant knowledge gaps remain regarding the specific
mechanisms by which MNPs affect marine organisms and
ecosystems. Understanding these interactions is crucial for
assessing the broader implications of plastic pollution on
marine  biodiversity and food security. Further
investigation is needed to explore the pathways of MNPs
accumulation in marine species and the potential for these
particles to enter human food systems, thereby posing
health risks to consumers.

Fish are aquatic animals found all over the world and
may be found in both freshwater and marine habitats. As
a food product, they are essential in meeting the increasing
global need for protein, which is increasing (Barria et al.,
2020). A potential pathway for human exposure to NPs is
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Figure 2. The amounts of microplastics in different terrestrial
ecosystems.

established via the transmission of NPs to fish via the food
chain (Barboza et al., 2018). However, determining the
actual hazards and potential consequences that people may
face from feeding marine species contaminated with NPs
is important (Shen et al., 2019). The effects of MNPs on
fish health can disrupt metabolic pathways, including
catabolic processes, amino acid metabolism, and purine
synthesis (Cheng et al., 2022), which may ultimately
impact human health through the consumption of
contaminated marine species.

3.2. The impacts of MNPs soil ecosystem

The contamination effects of MPs  in terrestrial
ecosystems may be 4-23 times greater than that of the
oceanic environment (Horton et al., 2017). Figure 2 shows
the level of microplastic contamination in different soil
ecosystems which also indicates the highest level of
microplastic contamination for the agricultural soils
(Yoon et al., 2024).

Globally, large concentrations of MPs, ranging from
10 to 12,560 items, are found per kg of agricultural (Lv
et al.,, 2019; Chen et al., 2020). Plastic items such as
irrigation tubes, mulching films, silage films, boxes,
packing materials, greenhouse or tunnel materials,
harvesting nests, and plastic reservoirs are commonly
found in agricultural soils (Bldsing and Amelung, 2018;
Okeke et al., 2021). Additional sources include the use of
intentionally plastic-containing goods, such as slow-
release fertilizers or polymer-based insecticides (Kumar et
al., 2020), polluted freshwater or cleansed wastewater for
irrigation (Wang et al., 2021), and materials contaminated
with MNPs, such as biosolids or organic fertilizers. These
are all derived into soil when original components are
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utilized for agricultural activities. According to Blésing
and Amelung (2018), plastic contaminated with untreated
and treated wastewater used for irrigation accounted for
1000-627,000 and 0-125,000 pieces m >, respectively,
whereas compost and sewage sludge might contain 2.38—
1200 and 1000-24,000 mg of MPs kg ! of soil. According
to Bldsing and Amelung (2018), the natural soil
contamination resulting from floods with lake or river
waters was responsible for 0.82—4.42 plastic fragments per
m>.

These findings underscore the pervasive presence of
microplastics in agricultural environments, raising
concerns about their potential impact on soil health, crop
productivity, and food safety, particularly as MPs and NPs
can migrate from the topsoil where they accumulate and
interact with plant roots into deeper soil layers through
processes such as tillage, soil biota activities, and
extensive fissures created by plowing (Rillig et al., 2017;
Liu et al, 2018). The soil’s water holding capacity
may be adversely affected, microbial activity may be
disturbed, a pH imbalance may arise, nutrient transfer may
be interfered with, irrigation water permeability may be
decreased, and soil structure may be harmed (Cao et al.,
2017; Liu et al., 2018). Furthermore, interactions between
soil microbiomes and MPs/NPs with smaller sizes and
more concentrated regions affect the dynamics of soil
nutrients and hinder their normal growth and function
(Torres et al., 2021). For example, Lwanga et al. (2017)
reported that earthworm development was severely
inhibited and their death rate increased drastically (Qi et
al., 2018). This is primarily due to the ingestion of
microplastics, which can cause physical blockages in their
digestive systems and introduce harmful chemicals,
ultimately disrupting their physiological processes (Qi et
al., 2018). Furthermore, MPs raise soil organic matter
levels while simultaneously lowering soil organic nitrogen
levels (Kim et al., 2021; Meng et al., 2022).

Since the early 1950s, plastics have increasingly been
utilized in agriculture for various applications, such as
improving crop yields, enhancing soil quality, and
providing protective coverings for plants (Espi, 2006;
Brodhagen et al., 2017). Mulch film sales were projected
to exceed 83,000 tons in Europe in 2019 (Campanale et
al., 2021) and will rise at a rate of 5.6% annually until 2030
(Huang et al., 2020). A landmark study assessing the use
of plastics in agriculture to the end of 2021 was released
by the Food and Agriculture Organization of the United
Nations (FAO). In 2019, 12.5 million plastic goods were
used in plant and animal production within agricultural
value chains, and 37.3 million plastic products were used
in food packaging. Industry analysts predict that between
2018 and 2030, the worldwide need for greenhouse,
mulching, and silage films will increase by 50% between
2018 and 2030, from 6.1 to 9.5 million tons (FAO, 2021).
Plastic mulching has become a popular method for
protecting plants from severe weather conditions. It is
mainly composed of low-density polyethylene (PE) and

PP. Plastic mulch film has long been used to improve
water consumption efficiency. Plastic mulch offers several
financial benefits, but it remains in the soil after harvest,
degrading soil quality and crop productivity (Liu et al.,
2014; Yan et al., 2014). An immense quantity of plastic
particles, classified as mega-, macro-, and MPs, are
integrated into agricultural soils owing to the yearly
introduction of new plastic leftovers and traditional tillage
methods (Rillig et al., 2017). Practical challenges and high
prices have impeded attempts to recycle plastic leftovers
(Brodhagen et al., 2017).

3.3. Effects of MINPs on the plant’s charachteristics

Different MNPs may cause different plant responses (De
Souza Machado et al., 2019). The possible buildup of
hazardous substances and MNPs in plant tissue in
agricultural settings may affect human health as well as
plant quality and productivity (Boots et al., 2019). The
effects of micro and nanoplastics MNPs on plants are
likely influenced by various factors, including the specific
plant species, environmental conditions, and the type, size,
and concentration of plastic particles present (Xu et al.,
2019; De Souza Machado et al., 2019). According to Sun
et al. (2021), MPs and NPs can accumulate in plants
through the foliar and root absorption routes, respectively.
Based on observations, MNPs may inhibit germination,
impact plant’s vegetative and reproductive development,
induce genotoxicity and ecotoxicity, or otherwise
encourage the growth of roots and shoots and an increase
in biomass in general (Xu et al., 2019). Furthermore,
according to Tian et al. (2021), MNPs may concentrate in
plant roots before spreading to the leaves, flowers, and
fruits of the plants. They may also encourage soil microbes
to colonize roots (De Souza Machado et al., 2019).

Figure 3 shows that micro and nanoplastics can enter
plants through various pathways. These particles can
penetrate plant cells and be transported to other organs,
such as stems and leaves, via the vascular system. In
addition, nanoplastics can enter the plant through the leaf
stomata and be translocated to other parts (Azeem et al.,
2021). These plastic particles have various effects on
plants. They can reduce photosynthetic parameters and
chlorophyll content, induce oxidative stress, and alter the
microbiological properties of the soil (Ren et al., 2021).
Furthermore, they can block cell walls and limit the
absorption of water and nutrients, potentially affecting
plant growth and development (Larue et al., 2021).

MPs and NPs contaminate a wide range of primary
agricultural crops, including cereals, oilseed crops,
vegetables, and fruits (Table 1). Consequently, , these crops
travel from farm to our plates, exposing humans to MPs and
NPs. The largest concentrations of NPs have been found in
apples and carrots (Conti et al., 2020). The data from tomato
fruits showed that PS-NPs may being transported to plant
stems and leaves through roots and accumulate in fruits so,
endanger food safety(Gao et al., 2023).
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Figure 3. Pathways and impacts of micro- and nanoplastics on plant uptake and physiology.

MPs are easily absorbed on the surface of plant roots and
seeds (Li et al., 2020b). For example, it has been
discovered that MPs build up in the root surface of
Lepidium sativum, a garden cress, and broad beans (Vicia
faba) (Bosker et al., 2019). Furthermore, MPs can block
cell walls or the connections of cells, limiting the quantity
of water and nutrients absorption even if they are unable
to penetrate into the cell walls themselves. However,
Zhang et al. (2019) speculated that NPs are likely to pass
through plant cell walls. Thus, NPs may be absorbed by
vascular plants through their roots and other organs, a
process known as "nutrient uptake" (Sun et al., 2021). The
process by which these nanoparticles move from the plant
cell wall to the apoplastic route by capillary action and
osmotic pressure (Deng et al., 2014).

Furthermore, NPs may follow a simple route that
involves ion transfer by endocytosis after interacting with
membrane proteins, ion channels, and aquaporins
(Tripathi et al., 2017). PS-NPs may enter tobacco cells by
clathrin independent endocytosis (Bandmann et al., 2012).
Some studies found that 100-nm PS-NPs (100 nm) may
be taken up endocytotically by rice roots (Wu et al., 2021).
Therefore, after entering plant roots, NPs can translocate
to different organs, and the transpiration stream regulates
how vigorously they do so. Similar results were reported
by Li et al. (Li et al., 2020b), wherein a greater
transpiration rate facilitated the absorption of plastic
particles and, thus, caused their migration from the roots
to the shoots. The stomata on plant leaves are another
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possible route through which nanoparticles might be
absorbed (Lv et al., 2019). For example, stoma-entry-
designed nanoparticles can reach various parts of the body
via the apoplastic pathways of plants (Zhao et al., 2017).
Lian et al. (2021) examined the relationship between
plants and airborne NPs and found similar result. In this
study, lettuce was treated topically with PS-NPs, which
were then kept on them for a set period. Subsequently,
microscopic analysis showed that PS-NPs traveled to the
roots via the vascular bundle after entering the leaves
through the stomata (Lv et al, 2019). Subsequent
examination revealed a notable accumulation of NPs in the
vicinity of the leaf stomata. Furthermore, another study
clearly showed that PS (0.2 m) is mostly confined to the
cortical tissue and xylem of wheat and lettuce roots, as
well as in the leaves (Luo et al., 2022). The
aforementioned observations demonstrate how readily
NPs migrate along the vascular cylinder following the
xylem, which carries nutrients and water to the shoot and
leaves, once they have penetrated the vascular bundle of
roots. However, NPs may also be transported by phloem,
which is responsible for moving sugar and amino acids
from leaves to other parts of the plant. This is
demonstrated by the presence of NPs through the stomata
on leaves. Furthermore, NPs can bind to proteins on cell
membranes and enter cells. In particular, aquaporins are
considered NP transporters within plant cells (Zhou et al.,
2021).
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Table 1. Effects of MPs or NPs on plant health of different species.

Common MPs or . .
name NPs Plastic type Size Effect Reference
Length: 6920000 & Root and shoot biomass, Leaf area, Number of .
. 1470000 nm . Qietal,
Wheat MPs LDPE, Bio . leaves, Stem diameter ¥
Width: 6100000 + Relative chlorophvll content A 2018
1390000 nm clative chiorophiyll conte
100, 300, 500, 700 Mg, Ca,Fe ¥ .
Cucumber NPs PS nm MDA, Proline, Soluble protein A Lietal, 2021
Biomass plant, Chlorophyll a, Chlorophyll b, .
Cucumber NPs PS 100, 30%1300’ 700 Soluble sugar, Carotenoid ¥ I;()e;g;.,
SOD, CAT, Vitamin C, Soluble protein A
Maize NPs PS-NH: 0, 10, 50, 100, 200, Fv/FO, gp,Rfd ¥ Sunetal.,
PS-COOH 400, 500 ng/spot SOD, POD (Peroxidase), CAT, MDA, NPQ A 2021
Fresh weight, Growth, Root and shot length, SOD
Maize NPs PS 10-100 mg L v Wa;‘gzezt al,
POD, CAT A
Lakshmikant
100 nm Root and shoot length, Seed germination ¥ han and
Tomato NPs PS ROS, CAT, SOD A Chandrasekar
an., 2022
Weerasinghe
Tomato MPs MFB, MFL, S mm Root: shoot ratio ¥ and
LDPE Chlorophyll content A Madawala.,
2022
Tomato NPs PS 60 nm H,0, MDA, ROS, SOD, CAT, POD A G“;Oezt;l"
R Photosynthetic parameters, Chlorophyll content ¥ Gao et al.,
1
Lettuce MPs PE 0.25,0.5,1 mg.mL Antioxidant levels A 2019
Dry weight, Height, Leaf area, Chlorophyll a, b and Lian et al
Lettuce NPs PS 0,0.1,1 mg.L! carotenoid, Total antioxidant capacity ¥ N
2021
EL A
Cress MPs Fluorescent 50, 500, 4800 nm Germination rate, Root growth ¥ Bosl;grl gt al,
CAT, Growth ¥ Jiang et al.,
Broad bean MPs PS 100nm SOD, POD A 2019
53000-1000000 Chlorophyll content ¥ Meng et al.,
Bean MPs LDPE, PLA nm Root length, Leaf area A 2021
1500020000 nm  Root length, Water content, Leaf nitrogen content A
PA Root tissue density, Dry biomass, C/N ¥
8000 nm
PES Root length and colonization ,Dry biomass, C/N,
643000 nm Microbial activity A Water content, Leaf nitrogen
PEHD content ¥ de Souza
Onion 624000 nm Root length A Machado et
PP al., 2019
492000 nm Root length and colonization A Water content ¥
PS
187000 nm Root length A
PET

Root length and colonization A, Water content ¥

A indicates an increase or enhancement; V¥ indicates a decrease or inhibition compared to the control. Microplastics (MPs), nanoplastics (NPs), low-
density polyethylene (LDPE), polystyrene (PS), microfiber (MFB) microfilms (MFL), polyethylene (PE), polylactic acid (PLA), Polyester (PES),
polyethylene high density (PEHD), polyethylene terephthalate (PET), magnesium (Mg), calcium (Ca), iron (Fe), malondialdehyde (MDA), superoxide
dismutase (SOD), catalase (CAT), peroxidase (POD), reactive oxygen species (ROS), hydrogen peroxide (H202), electrolyte leakage (EL).
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3.3.1. Impact of MNPs on plant growth parameters

Plastic particles, particularly those sized between 500 and
4800 nm, can significantly lower water absorption and
reduce the germination rates of soybean seeds (Li et al.,
2021). El-Darier and Youssef (2000) emphasized that the
presence of plastics in soil adversely modifies its
environment, and affects seed germination. Notably, Gong
et al. (2021) revealed varying degrees of vulnerability to
PS exposure among different crop species. For instance,
Italian lettuce exhibited the highest sensitivity, followed
by radish, wheat, and maize. This variability can be
attributed to genetic diversity among plant species,
suggesting specialized detoxifying mechanisms or
adaptive strategies to cope with environmental stressors
(Chaves et al., 2002; Begum et al., 2011). The observed
discrepancies in plant responses highlight the importance
of considering multiple factors, such as MNPs size,
polymer type, concentration, soil type, and specific plant
species involved. For example, during early seedling
development, root growth was significantly hindered in
Italian lettuce, maize, and wheat, whereas radish showed
minimal impact. This suggests that some crops may be
more resilient to MNPs exposure due to their inherent
biological traits.

Furthermore, an examination of root characteristics
revealed that plants treated with PS experienced a marked
reduction in root hair density. This decline has a negative
impact on the root system, hindering the plant’s ability to
absorb water and nutrients, which can subsequently affect
shoot growth and elongation. Weerasinghe and Madawala
(2022) noted that in tomato plants, biomass allocation was
skewed toward roots at low MNPs concentrations, likely
as a strategy to enhance water uptake. Interestingly, while
some studies have reported that MNPs can enhance soil
aeration and promote aggregation (Khalid et al., 2020), De
Souza Machado et al. (2019) found that PE fibers
increased onion root and bulb weights by improving
microbial activity and soil cohesion. These findings
suggest that the effects of MNPs on plant growth are
multifaceted and context-dependent, warranting further
investigation. Despite these insights, a significant gap
remains in our understanding of how different types of
MNPs interact with various soil types and plant species.
For instance, while polystyrene NPs have been widely
studied, research on the effects of other common
polymers, such as polyethylene, in agricultural systems is
lacking. This knowledge gap is critical because it limits
our ability to fully understand the ecological implications
of plastic pollution in agriculture.

Li et al. (2020a) observed that cucumber plants
exposed to 300 nm PS-NPs exhibited slower growth than
those exposed to other sizes. This finding raises questions
about the influence of particle size on plant metabolism,
particularly regarding energy expenditure in breaking
down soluble sugars. Notably, exposure to 700 nm PS-
NPs did not significantly affect biomass, indicating that
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particle size may affect uptake versus degradation
dynamics. The effects of PE and PVC on rice biomass
further illustrate the unpredictable nature of MNPs
impacts. Tong et al. (2023) reported that while these
materials enhanced the above-ground biomass, they
reduced the below-ground biomass. This variability could
be influenced by differing soil properties, plant species
responses, and polymer specific characteristics,
underscoring the complexity of MNPs interactions in
agricultural contexts. Lian et al. (2021) found that the
antioxidant system in lettuce leaves exposed to PS-NPs
was compromised, leading to leaf area and plant height
reductions. Additionally, the introduction of varying
quantities of plastic residue (0.1-1%) into the soil
produced distinct effects on soybean growth throughout
flowering and harvesting periods. Notably, while plant
height increased in PE treatments before flowering, it
dramatically declined after 80 days, particularly in
treatments with 1% PE (Li et al., 2021b). Therefore, while
the literature highlights various impacts of MNPs on plant
growth, synthesizing these findings and identifying the
moderating factors that contribute to such variability are
crucial. Further research is needed to elucidate the
mechanisms underlying these effects and to explore the
interactions between different types of MNPs and
agricultural practices.

3.3.2. Impact of MNPs on physiological parameters of
plants

Exposure to MNPs has been shown to significantly affect
plant physiological parameters. In cucumbers exposed to
PS-NPs, there was a notable reduction in chlorophyll and
carotenoid content and a decrease in the maximum
quantum efficiency of photosystem II (Fv/Fm) (Li et al.,
2020a). Under stressful conditions, ROS and MDA
accumulation increases, leading to cellular membrane
damage and a slowdown in photosynthesis (Alvarez et al.,
1998). Further studies have indicated that plants treated
with pure FluPS exhibited reduced chlorophyll
concentrations across all treatments (Lakshmikanthan and
Chandrasekaran, 2022). Wang et al. (2020) also reported
that PLA led to a substantial reduction in chlorophyll
content at higher concentrations, negatively impacting
overall plant development. Conversely, PE did not exhibit
similar effects. Interestingly, while tomato plants
displayed concentration-dependent growth loss due to
various MPs, no corresponding decrease in chlorophyll
levels was observed (Weerasinghe and Madawala, 2022).
This suggests that while MNPs may hinder growth, they
do not necessarily impair the capacity of plants for
photosynthetic processes, indicating a potential resilience
or compensatory mechanism in some species.

The growth of Cucurbita pepo L. in soil contaminated
with MPs made of PP, PE, PVC, and PBAT was expected
to result in lower chlorophyll content and photosynthetic
efficiency. Notably, the presence of PBAT MPs at 2.5
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g'kg™ in soil negatively impacted the photosynthetic
capacity of Arabidopsis plants through the release of
adipic acid, phthalic acid, and butanediol, which are
breakdown products of PBAT (Lian et al., 2022).
Additionally, cucumber leaves exposed to 100 nm PS-NPs
exhibited significantly lower proline levels than control
leaves (Colzi et al., 2022; Li et al., 2020a). This suggests
that the cucumber root system likely absorbed the 100 nm
PS-NPs, which were then transported to the leaves via
transpiration and root pressure. According to Li et al.
(2020b), MNPs can cause organelle destruction in leaf
tissue, and proline synthesis decreases as degradation
increases, highlighting the stress response mechanisms in
plants.

Moreover, understanding the relationship between
oxidative stress and antioxidant enzyme activity is crucial
for understanding plant responses to MNPs exposure.
Tomato plants exhibiting higher levels of oxidative stress
also showed increased CAT activity. The contact of
coronated PS with seed cells significantly reduced enzyme
activity, indicating that the nanoscale size of PS facilitates
their infiltration into seed cells, where they generate ROS
and weaken plant physiology. As the size of PS particles
increases, along with the expansion of the eco-corona, the
number of healthy cells, seed germination rates, ROS
generation, and antioxidant enzyme activity also increase,
making the NPs less permeable to seeds (Lakshmikanthan
and Chandrasekaran, 2022). Furthermore, an increase in
PS-NP concentration correlates with elevated SOD, POD,
and CAT activities. These results indicate that plants
exposed to PS-NPs experience oxidative stress, prompting
an increase in antioxidant enzyme activity to mitigate ROS
and a decrease in MDA levels to minimize oxidative
damage (Gao et al., 2023). However, despite the identified
responses, a significant gap in understanding the specific
mechanisms by which different types of MNPs induce
oxidative stress and how this varies among plant species
remains. Dong et al. (2021) found that oxidative bursts
occurred in carrot tissue cultured in hydroponic systems,
with PS-MPs damaging the tertiary structure of carrot
pectin methyl esterase. Additionally, the growth of tomato
seedlings may have been adversely affected by a dose-
dependent increase in hydrogen peroxide (H»0O»)
concentration due to PS-NP exposure (Gao et al., 2023).
MDA levels increased following exposure to PS-NPs,
indicating that PS-NPs accelerated lipid peroxidation in
plant cell membranes. This suggests that the degree of
lipid peroxidation worsens with higher PS-NP
concentrations, leading to increased oxidative stress.
Ultimately, while plants can mitigate some of the negative
effects of high ROS levels through the production of
antioxidant enzymes or antioxidants, the precise balance
between ROS production and antioxidant response
remains poorly understood. PS-NPs can induce oxidative
stress in plants by promoting ROS production through
electron transfer mechanisms (Gao et al., 2023). Further
research is needed to elucidate these complex interactions

and their implications for plant health and agricultural
productivity.

3.4. Effect of MNPs on the human body

Ingestion of MNPs in terrestrial environments is a
significant concern for human health. Individuals may
consume between 39,000 and 52,000 MPs particles
annually, depending on age and sex. When considering
inhalation, this number rises to between 74,000 and
121,000 particles (Cox et al., 2019). Furthermore,
individuals who drink bottled water may ingest up to
90,000 additional particles compared to those who only
consume tap water, who may ingest an extra 4,000
particles (Cox et al., 2019). These findings underscore the
alarming reality that a substantial proportion of the MPs
consumed by humans originates from the food chain,
highlighting the pervasive issue of terrestrial habitat
pollution.

he presence of MPs in various food items, including
table salt, honey, sugar, drinking water, and even
traditional medicinal products derived from animals has
been documented (Ding et al., 2020). This widespread
contamination raises significant concerns regarding the
potential impact of MNPs on human health (He et al.,
2021). MNPs can adversely affect human health through
mechanisms such as oxidative stress, inflammatory
responses, genotoxicity, neurotoxicity, and mitochondrial
dysfunction (Fournier et al., 2021). A recent investigation
identified ingestion as the primary route of MNP exposure
(Lehner et al., 2019). Ingestion of 150-m plastic particles
measuring 150 pm can migrate from the stomach cavity
into the circulatory system at a rate of 0.3% (Barboza et
al., 2018). In a study by Leslie et al. (2022), the detection
and quantification of plastic particles in human blood were
reported for the first time, highlighting the severity of this
issue.

Moreover, the accumulation of MPs/NPs in the human
body has been linked to adverse inflammatory effects,
increased lipid accumulation in the liver, and elevated
activities of antioxidant enzymes, such as catalase (CAT)
and superoxide dismutase (SOD), indicating oxidative
stress (Lu et al., 2016). However, despite these findings, a
significant gap remains in our understanding of the long-
term implications of MNPs ingestion on human health.
More research is needed to elucidate the underlying
mechanisms of MNPs toxicity, particularly considering
the chronic exposure scenarios that many individuals face
(Campanale et al., 2020; Yee et al., 2021).

Table 2 summarizes the various impacts of MNPs on
human health, emphasizing the need for further
investigation into their physiological and biochemical
effects. Addressing these knowledge gaps is crucial for
developing effective public health strategies and
regulatory measures to mitigate the risks associated with
exposure to MPs.
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Table 2. Effect of MPs or NPs on different aspects of human health.

Nano/microplastics in agricultural soils and their impacts ...

Common name MPs or NPs Plastic type Size Effect Reference
Embryonic kidney Gene expression levels of the glycolytic Goodman et
cells and MPs PS 1000 nm enzyme, Glyceraldehyde-3-phosphate al 2022
hepatocellular dehydrogenase, SOD, CAT ¥ ?
Chromosomal aberrations, such as
. chromosomal breaks and dicentric
Peripheral blood b leonlasmic bri Sarma et al.,
lymphocytes NPs PS 50 nm chromosomes, Nucleoplasmic bridge 2022
ymp formation, Nuclear budding, Micronuclei
formation and cytostasis% A
1000, Proliferation rate ¥ Goodman et
Alveolar A349 cells MPs PS 10000 nm cell morphology Changes A al, 2021
Fluorescent
Normal human carboxylate- .
. . NPs . 500, Sy . Bonanomi et
intestinal CCD-18Co MPs modified 2000 am Oxidative stress, Glycolysis A al., 2022
cells polystyrene
beads
Hepatocellular ..
. NH2 SOD activity, GSH ¥ Heetal,
carcmon;:&HepGZ) NPs PS- 50nm Oxidative stress, MDA A 2020
25, 50, Reactive oxygen species, DNA damage, Lead Shen et al
Placental cells NPs PS 100, 500 to cell cycle arrest in Glor G2 phase, N
. . 2022
nm Inflammation and apoptosis A
Repair ability of the lung ¥ Vane ot al
Lung epithelial cells NPs PS 40 nm Matrix metallopeptidase, Surfactant protein A 2%21 ?
levels, Tissue damage, Cell death A
Adenosine triphosphate production,
Hepatocellular NPs Mitochondrial membrane potentials, ROS ¥ .
carcinoma (HepG2) PS - Lietal, 2023
P Mitochondrial injuries, Upregulating dynamin-
related protein 1 (DRP1) and P-DRP1 A
CD34J.r . Cell viability, Pproliferation and differentiation
hematopoietic NPs S Guo et al.,
X PS - of HSPCs, Metabolic activity ¥
stem/progenitor cells Cell membrane damace A 2023
(HSPCs) 2
Peripheral blood PBMCs metabolic activity ¥
P 29, 44, Single/double-strand break formation, Oxidized =~ Malinowska
mononuclear cells NPs PS . s |
72 nm purines and pyrimidines, 8-0x0-2'- etal., 2022
(PBMCs) .
deoxyguanosine levels A
Bone marrow-derived HSP70 and XBP1 ¥
W-gertv NPs Proportion of cells in the S phase, Promoted
mesenchymal stem PS -

cells ((BM-MSCs)

cell proliferation, Adipogenic differentiation of
hBM-MSCs A

A indicates an increase or enhancement; V¥ indicates a decrease or inhibition compared to the control. Microplastics (MPs), nanoplastics (NPs),
polystyrene (PS), superoxide dismutase (SOD), catalase (CAT), glutathione (GSH), malondialdehyde (MDA), reactive oxygen species (ROS).

4. Discussion

The findings of this study reveal critical insights into the
pervasive issue of MNPs in both and terrestrial
environments. As plastic pollution continues to escalate,
the literature indicates several overarching patterns and
trends that warrant further exploration.
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A prominent trend observed across the reviewed studies
are the increasing prevalence of MNPs in various
ecosystems, driven largely by human activities. The
fragmentation of larger plastic debris into MPs and NPs,
along with their subsequent entry into soil systems,
underscores the need for comprehensive waste
management strategies (Andrady, 2011). Additionally, the
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studies indicate that MPs are not only ubiquitous in
aquatic environments but are also being increasingly
detected in terrestrial systems, highlighting the
interconnectedness of these ecosystems. Furthermore, the
bioaccumulation of MNPs in the food chain has potential
implications for both aquatic organisms and humans. The
ability of MPs and NPs to be ingested by a wide range of
species raises concerns about their effects on biodiversity
and ecosystem health, as well as the potential for these
particles to enter human food systems, thereby posing
health risks to consumers (Lusher et al., 2017).

Despite the growing body of research, significant
knowledge gaps remain in the MNPs field. The lack of
standardized methods for the extraction and analysis of
MNPs from environmental matrices, particularly soil and
water, is one of the most pressing issues. This
inconsistency complicates comparisons across studies and
hinders the development of a cohesive understanding of
MNPs dynamics in different ecosystems. Moreover, the
difficulty in studying NPs in complex environmental
matrices presents a methodological challenge. The small
size and varied chemical compositions of NPs complicate
their detection and quantification, leading to uncertainties
in assessing their ecological impacts. Addressing these
methodological challenges is crucial for advancing the
field and ensuring that future research can effectively
inform policy and management strategies.

The presence of MNPs in agricultural and marine
environments extends beyond ecological concerns; they
also intersect with issues of agricultural sustainability and
food security. As MNPs accumulate in soils and water
systems, they may adversely affect soil health and crop
productivity, compromising food systems that rely on
healthy ecosystems (Rillig et al., 2017). The ingestion of
MNPs by agricultural crops could lead to contamination
of the food supply, raising public health concerns (He et
al., 2021). Furthermore, the presence of MNPs in aquatic
ecosystems poses risks to fisheries and aquaculture, which
are vital for food security in many regions. As these
particles accumulate in fish and shellfish, there is a risk of
transferring contaminants up the food chain, ultimately
affecting human consumers (Cedervall et al., 2012). This
highlights the need for integrated approaches to
environmental policy that consider the implications of
plastic pollution on ecosystem health and food security. It
is essential to develop and implement comprehensive
policies aimed at reducing plastic waste and mitigating its
impacts to address the challenges posed by MNPs.
Strategies include promoting circular economy practices,
enhancing waste management systems, and supporting
research into biodegradable alternatives to conventional
plastics. Additionally, regulatory frameworks should be
established to monitor and manage MNP levels in
agricultural and aquatic systems, ensuring that the health
of both ecosystems and human populations is safeguarded.
In conclusion, the synthesis of findings presented in this
paper underscores the urgent need for a dedicated

discussion on the implications of MNPs in our
environment. By addressing the identified knowledge
gaps and methodological challenges and by exploring the
broader implications for agricultural sustainability and
food security, future research and policy initiatives aimed
at combating plastic pollution can be better informed.

5. Conclusions

The rising usage of micro and nanoplastics (MNPs) in
today’s society has brought forth new threats to the
environment and human health. These particles pose
significant hazards to various organisms, particularly fish,
as they infiltrate both aquatic and terrestrial habitats.
Moreover, health concerns regarding the absorption of
MNPs by plants are growing, which can impact food
safety and security. This review contributes to the field by
synthesizing current knowledge on MNPs pollution,
identifying critical research gaps, and highlighting the
urgent need for comprehensive strategies to mitigate these
risks. By emphasizing the interconnectedness of MNPs
contamination across ecosystems, this study underscores
the need for an integrated approach to environmental
management and policy development. Several measures
can be employed to reduce these hazards. Public
awareness campaigns can inform consumers about the
origins and potential effects of MNPs to positively
influence consumer behavior. Additionally, the entry of
microplastics (MPs) into agricultural lands and aquatic
bodies can be diminished by supporting the use of organic
fertilizers and soil additives, as well as promoting
sustainable agricultural practices.

The development of environmentally friendly plastic
substitutes and sustainable packaging materials is essential
for reducing the release of MNPs into the environment.
Governments play a critical role by enacting legislation
and implementing regulations to restrict or prohibit the use
of MNPs in cleaning supplies, personal hygiene products,
and other consumer items. Policies that promote the use of
biodegradable materials and regulate the industrial release
of MNPs should also be prioritized. It is vital to urgently
address MNPs contamination in agricultural systems, as
these pollutants threaten soil health and crop productivity,
directly impacting food security.

Future studies should focus on the health consequences
of the consumption of MNPs in humans and animals,
including potential adverse effects on the nervous,
digestive, and respiratory systems. It is essential to
develop sensitive and accurate methods for identifying
and quantifying MNPs across various environmental
media, including biological samples, soil, and water.
Understanding the behavior, dispersal, and long-term fate
of MNPs in diverse ecosystems, as well as their potential
for bioaccumulation in the food chain, is crucial.
Innovative technologies, such as advanced filtration
systems and bioremediation techniques, should be
prioritized for the extraction and cleanup of MNPs from
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environmental compartments. Finally, assessing the
effectiveness of existing laws and policies aimed at
reducing MP pollution and exploring avenues for creating
new regulatory frameworks that comprehensively address
this pressing issue are imperative. By concentrating on
these research areas, we can enhance our understanding of
MNPs pollution and develop practical strategies to
mitigate its impacts on the environment and human health.
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