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Abstract: The issue of microplastic (MP) pollution is one of the most pressing environmental problems
faced today and for the future. Plastics are ubiquitous due to their exponential use and misman-
agement, resulting in the accumulation of fragments across the world. Hence, the problem of MP
pollution is aggravated when these plastic items disintegrate into smaller particles due to differ-
ent physical, chemical, and environmental factors. The consumption of these MP pollutants by
wildlife is a worldwide concern and a potentially crucial risk for all ecosystems. Consequently,
MPs have caused a wide variety of problems for both public health and wildlife concerning vital
life processes—specifically reproduction, which is critical to species’ survival in an ecosystem. De-
spite MPs’ detrimental effects on wildlife reproduction, it remains unclear how MPs can affect the
hypothalamic–pituitary–gonadal (HPG) axis. This review highlights the significant reproductive
toxicity of MPs in wildlife, with potentially devastating consequences for human health. The find-
ings emphasize the urgency of developing effective solutions for mitigating the adverse effects of
MP pollution on the reproductive systems of wildlife and preserving the integrity of aquatic and
terrestrial habitats.

Keywords: microplastics; biological magnification; wildlife health issue; reproductive toxicity;
human health risks

1. Introduction

At present, we are living in a plastic age, where almost 370 million tons of plastic is
used and produced annually [1]. Plastics contain a variety of polymers, including polyethy-
lene (PE), polyethylene terephthalate (PET or polyester), polystyrene (PS), polyamide
(nylon), polyacrylonitrile (PAN or acrylic), polyvinyl chloride (PVC), polypropylene (PP),
and styrene butadiene rubber (for example, car tires). All of these plastic polymers come
from carbon-based materials, e.g., petroleum, natural gas, etc. [2–5]. Asia is the main
producer of synthetic polymers (50%), followed by Europe (19%), North America (18%),
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the Middle East and Africa (7%), and Latin America (4%) [3,4]. Globally, a large proportion
of the plastic produced is used as a disposable material and is discarded shortly after
use [6,7]. In today’s world, plastic is used for various purposes, including in packaging,
agriculture, electrical appliances, automobiles, etc. [8]. The world today is dominated by
plastics due to their durability, water resistance, and ease of processing; therefore, this is
considered the plastic era [9]. The amount of plastic waste released into the environment
has increased due to the ongoing growth of plastic manufacturing and consumption. Con-
tinuous distortions of plastic items caused by weathering decay can result in a huge variety
of microplastics (MPs). MPs are pervasive in nearly all aquatic environments, making them
accessible to aquatic organisms. Water contamination by MPs is an alarming issue due to
their widespread dispersal and possible threat to underwater life. MPs have been identified
in a wide array of aquatic systems and seem to be common in freshwater environments in
Europe [10–12], North America [13,14], and China [15]. Despite having a major fraction
removal of more than 98% of microplastics, a wastewater treatment plant (WWTP) on the
Clyde River in Glasgow has been regularly demonstrated to discharge 65 million MPs into
the water [16].

In the environment, oversized plastic items disintegrate through physical disinte-
gration, photodegradation, chemical breakdown, weathering, or microbial degradation,
causing MPs to form [17,18]. The aim of this study is to conduct a comprehensive review
of the literature on microplastic-induced reproductive toxicity. The focus of the review
is on examining and synthesizing the existing research, scientific articles, and available
data to gain a deeper understanding of the potential harmful effects of microplastics on
reproductive health. By analyzing and organizing the findings from a range of scientific
sources, this study also aims to provide an overview of the current knowledge and to
identify key knowledge gaps in this field. Ultimately, this review is intended to contribute
to the existing scientific knowledge, raise awareness about the potential risks associated
with microplastics, and inform future research in this area.

2. Types of MPs (Based on Size, Source, and Shape)

Different studies have suggested various definitions of MPs with varying size ranges;
for example, MPs can be particles that are smaller than 10 mm [19], smaller than 5 mm [20],
smaller than 26 mm [21], smaller than 2 mm [22], or smaller than 1 mm [23–25]. Such
diverse definitions create problems when attempting to relate the data discussing MPs;
therefore, it is worth introducing a global scientific standard [25,26]. Andray [27] introduced
the term “mesoplastics”, which are relatively larger than microplastics and can be seen with
the naked eye. Koehler [28] presented an updated definition of MPs with their size limits. It
was stated that plastic particles >5 mm in size are macroplastics, while plastic particles in the
range of 1 to 5 mm are termed mesoplastics, relatively smaller particles with a size of 0.1 µm
to 1 mm are microplastics, and particles in the range of <0.1 µm are known as nanoplastics.
The fate of microplastics and their behavior when settling along a river are significantly
impacted by the particle size of the microplastics [29]. In the marine environment, a very
small proportion of relatively smaller plastic particles (<1 mm) was found compared to
larger particles (>1 mm), which was possibly due to the size-selective sinks [30]. According
to a study employing a hydrodynamic model [29], retention in inland water systems may
be a significant factor, and settlement may be responsible for the loss of nanoplastics and the
MP fraction. Additionally, that study exposed that there was no consistent link between the
size of microplastics and the rate at which they were retained in the sediment. Hu et al. [30],
Li et al. [31], and Eo et al. [32] discovered that the quantity of MPs in the sediments was
reduced as the particle size increased above 0.5 or 1 mm. Napper et al. [33] revealed that
the quantity of MPs in the sediment increased as the particle size decreased, peaked below
a specific size threshold, and then began to decline. Experimental findings and those of
numerical simulations may differ because of the complexity of physical environments (MPs,
for example, may aggregate). Future research on the rate of the settling of microplastics in
aquatic environments will require more realistic simulations, including those that involve
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homogeneous and heterogeneous aggregation [29,30]. Based on the sources, these MPs
may be primary or secondary plastic particles, such as the microbeads and pellets that
are used in cosmetics, which are considered primary MPs as they are released into the
environment with their micro-size [34,35], while secondary MPs are produced when larger
polymers break down due to various environmental factors [36–38]. Based on the particles’
shape and geometry, MPs have been classified as fragments, films, pellets/granules, sheets,
lines/fibers, microbeads, and foams. Microbeads are used in personal care products, such
as exfoliants in face scrubs, as well as to deliver drugs in some medical applications [23].
Fibers include MPs shed from synthetic clothes and ropes [39]. Numerous MPs, microbeads,
and fibers can infiltrate a watershed and pass through wastewater treatment facilities [23].
In aquatic environments, MPs have been found in various shapes, including fragment, fiber,
spheres, film, and pellet shapes, with the fiber and fragment forms making up the majority
of the materials [40]. According to Fischer [40] and Wang [41], fibers are more prevalent
than fragments in the majority of water bodies. Hoellein et al. [42] discovered, through
a simulated experiment, that the settling rate of fragment MPs in freshwater was higher
than that of fiber MPs. On the other hand, the uneven forms of fragments may undergo
secondary movements that typically slow down the vertical settling velocities and cause
them to settle more slowly than other shapes of MPs with comparable sizes [43,44]. By
using spherical, short-cylinder, and long-cylinder MPs to measure the settling velocities
in water, Yong [45] concluded that the particle shape can influence the settling velocities
of MPs.

3. Fate and Biotoxicity of MPs

MPs come from different environmental sources, such as industrial discharge, munic-
ipal solid waste, wastewater treatment plants, household discharge, cosmetics, laundry,
etc. Once they enter the ecosystem, MPs bioaccumulate, circulate through the food chain,
and cause hazardous effects in organisms [46,47]. Many studies have reported the diverse
toxicity of MPs in organisms, resulting in, e.g., intestinal defects, decreased survival and
reproduction rates, reduced body size, altered behavior, decreased motility, neurotoxicity,
increased inflammation, genotoxicity, altered fat and energy metabolism, oxidative stress,
and decreased motility [48–60].

3.1. Reproductive Toxicity of MPs in Invertebrates

Reproductive toxicity is a term used to describe harmful effects on any aspect of an
animal’s reproductive cycle, including gametogenesis, gamete quality, egg manufacture,
fertility, and sperm motility [61]. Many studies have proven that MPs cause reproductive
toxicity in invertebrates, from cnidarians to echinoderms [19]. In specialized and complex
organisms, these MPs and NPs, with reported size ranges of 70 nm to 45 µm, that were taken
from the gut reached different sites in their bodies, such as the gonads [62–64]. Only smaller
NPs could achieve this, while more prominent MPs may have been stopped from entering
by the blood barrier [62]. For example, NPs (240 nm) can change reproductive organs’
structural integrity and lead to malfunction. Eom [65] reported reproductive toxicity in
cnidarians, in which Sanderia malayensis polyps and ephyrae were used as test subjects for
the harmful effects of MPs. Non-functionalized polystyrene microbeads with diameters
ranging between 1 and 6 µm at a concentration of 10,000 particles mL−1 were presented to
jellyfish. The MPs haphazardly adhered to the jellyfish’s internal and exterior components,
with the lengthiest MP addition lasting 52 days during depuration following direct exposure
(for 24 h). The asexual reproduction of the S. malayensis polyps was significantly decreased
after continuous 17-day exposure to MPs. Similarly, in nematodes, regardless of the type of
MP, Caenorhabditis worms exposed to MPs (1–100 mg L−1) experienced a drop in progeny.
Furthermore, Jin [49] concluded that only PE and PVC MPs significantly affected the brood
size, while MPs from various sources, including PVC, PP, and PE, significantly reduced the
reproductive success in the nematode Caenorhabditis elegans.
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In the annelid marine worm Arenicola marina, the decreased lipid stocks and existing en-
ergy induced by MPs led to reproduction complications [66]. In an additional report, when
the worm Enchytraeus crypticus was treated with MPs, Kwak [67] observed a concentration-
dependent impairment in its reproductive competence. According to Eisenia andrei, NP
toxicity caused the same effect on the male reproductive organ of earthworms [68].

Aquatic species at various trophic levels have provided the most data on MP-induced
reproductive toxicity, with a primary focus on zooplankton. Smaller eggs with a lower
chance of hatching were produced when the pelagic copepod Calanus helgolandicus, an
arthropod and crustacean, was exposed to PS beads over an extended period. The 8-day
treatment of the crab arthropod Ceriodaphnia dubia with MP beads of natural PE at a con-
centration 62.5–2000 µg/L and MP fibers at a concentration of 31.25–1000 µg/L resulted
in reproductive damage, with a concentration-dependent reduction in the quantity and
size of the newborn young [69]. Additionally, both types of MPs had an adult death rate of
40%. Similar findings were seen for the copepod Tigriopus japonicus, which was described
to have lower fertility when treated with polystyrene MPs (0.5 and 6 µm, 0.125, 1.25, 12.5,
and 25 µg mL−1) [70]. Significantly different development times and longer gaps between
egg sacs were seen in similar species that were treated with polyethylene and polyamide
(12.5 mg L−1) [71]. Ref. [72] Carried out a study in which testicular development in prawns
was impaired by exposure to polystyrene MPs (2 and 20 mg/L) for 4 weeks. Exposure
to microplastics reduced the rates of embryo deformity, hatching, and larval offspring
survival. Ref. [73] demonstrated that 21 days of exposure of the crustacean Daphnia magna
to MPs (100 µg L−1) harmed their development and reproduction and increased parental
death in transgenerational research. In addition, slower rates of population growth and
reproduction were seen. These modifications took several generations to manifest them-
selves, but the authors revealed a slight recovery thereof. Ref. [74] found that there was
a decreased offspring number and body size following the exposure of Daphnia magna to
nano-polystyrene (0.22–150 mg/L for 21 days), which was the cause of newborn abnor-
malities. The same small planktonic crustacean showed altered reproduction following
the same length of exposure to 1 and 5 m MPs (0.012 and 12 mg/L). This included an
extended time of first brood emission (49%) and, typically, fewer clutches being released
(71%) with MPs at a concentration of 12 mg/L. Other scientists noted that MPs improved
the growth of immobile juveniles while decreasing the overall number of progenies [73].
Sand crabs (Emerita analoga) were observed to have affected reproduction when exposed to
polypropylene fiber MPs with a size of 1 mm for 10 days [75]. According to the findings
reported by Gardon [76], MPs/NPs, which are mainly swallowed, can accumulate in male
gonads and affect transgenerational reproduction in aquatic and terrestrial species (such
as the arthropod Daphnia magna). MPs/NPs primarily negatively affect the gametogen-
esis, embryos, and offspring. Sussarellu et al. [60] examined the effects of the contact of
polystyrene MPs with reproduction in the mollusk oyster Crassostrea gigas and its progeny.
In the exposed oysters, there was a decrease in the sperm swimming speed, fecundity, and
gamete and oocyte quality. Further, their progenies were affected by stunted growth in
the larval stage. Histological studies indicated that exposure to 6–10 m PS (0.25, 2.5, and
25 µg L−1) for 60 days caused an energy shortage and reduced male gametogenesis in the
mollusk oyster Pinctada margaritifera [77].

Murano [78] examined the potential impact of polystyrene MPs on the fertilization
of the echinoderm sea urchin Paracentrotus lividus and found significant drops in the
fertilization success rates after MP exposure. Additionally, one sea urchin per litter was
placed in an experimental glass tank, where it was exposed to polystyrene (10 and 45 µm,
10 particles/mL) for 72 h. Following fresh tissue extraction, optical microscopy was used
to evaluate the quantity of PS in various organs and the gonads, and was shown to be
inversely associated with the MP size [79] (Table 1).
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Table 1. MP-induced reproductive toxicity in invertebrates.

Group Species Toxicity Reference

Invertebrates Sanderia malayensis polyp
and ephyrae

Affected asexual reproduction [65]Cnidarian

Nematode Caenorhabditis elegans Drop in offspring [49]

Annelid Arenicola marina Decrease in lipid stocks linked to complications
in reproduction [66]

Enchytraeus crypticus Impairment of reproductive efficiency [67]

Eisenia andrei Affected male reproductive organ [68]

Arthropods and
Crustacean Calanus helgolandicus Smaller eggs with a lower chance of hatching [69]

Ceriodaphnia dubia Reproductive damage [69]
Tigriopus japonicus Lower fertility [70]

Tigriopus japonicus Greater development times and longer gaps between
egg sacs [71]

Prawn Impaired testicular development in prawns [72]

Daphnia magna Negative effect on development and reproduction,
increase in parental death [73]

Daphnia magna Decreased progeny number, newborn abnormalities [74]

Emerita analoga Negatively affected reproduction [75]

Daphnia magna Mostly negatively affected gametogenesis, embryos,
and offspring [76]

Mollusks Crassostrea gigas Decreases in sperm swimming speed, fecundity, and
gamete and oocyte quality [61]

Pinctada margaritifera Energy deficit and decreased male gametogenesis [77]

Echinoderm
Paracentrotus lividus Significant drops in fertilization success rates [78]

Paracentrotus lividus Evaluated the quantity of PS in various organs and
the gonads [79]

3.2. Reproductive Toxicity of MPs in Vertebrates

Like invertebrates, vertebrates are vulnerable to MP toxicity. Reproductive toxicity
has also been shown in vertebrates such as fish, birds, and mammals. A study on zebrafish,
a freshwater species, and marine medaka, a marine species, was used to test the toxicity of
MPs. Dietary polyvinyl chloride and polyethylene (PVC and PET) exposure was conducted
over 4 months while using ecologically relevant MP concentrations. The results showed a
considerable decline in reproductive output for both species, with the medaka showing
a much more dramatic decline in its population [79]. Qiang [80] also reported the use of
zebrafish (Danio rerio) to examine the impact of MPs (polystyrene) on reproductive organs.
No discernible effects were perceived at the lower dosage of 10 mg/L, even with continuous
treatment for 21 days. The gonads and livers of both males and females had considerably
higher levels of reactive oxygen species (ROS) at doses over 100 mg/L. At a concentration of
1000 mg/L, the male testes showed significantly higher levels of apoptosis, which increased
the expression of p53-mediated apoptotic pathways. Histological changes, including a
significant reduction in the thickness of the basement membrane of the testis, were also
observed by Ismail [81]. Chae [82] conducted a study to inspect the potential defensive
properties of a diatom (Amphora coffeaeformis) as a food preservative against the harmful
impacts on the gonads produced by MPs in Nile tilapia. Tilapia (male) were distributed
into groups and pre-fed diets containing A. coffeaeformis at four different supplementation
levels (0%, 2.5%, 5%, and 7.5%) for 2 continuous months and 10 days (70 days) after being
treated with 10 mg/L of MPs for a half month (15 days). The testosterone (T) levels,
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follicle-stimulating hormone (FSH), and luteinizing hormone (LH), as well as testicular
sections and GSI%, were quantified to evaluate the male reproductive success. The Serum
LH and T levels both significantly decreased as a result of the exposure to MPs. The
fish exposed to MPs had testicular, histological, and degenerative alterations, as well as
testis-ova. In fish yolk sacks, NPs bioaccumulated around lipids and passed through
embryonic walls due to their hydrophobicity [83]. Adult female marine medaka were
subjected to phenanthrene-adsorbed MPs for 60 days to assess the impact of the MPs on
the bioaccumulation and the reproductive and transgenerational toxicity of phenanthrene.
As a result, phenanthrene bioaccumulation was found to dramatically increase due to the
exposure to MPs. Nevertheless, the bioaccumulation level of phenanthrene was smaller
when there was no association with MPs. Notably, co-exposure to MPs and phenanthrene
at a concentration of 200 µg/L accelerated follicular atresia, prevented ovarian maturation,
and exacerbated the reproductive damage. In particular, the embryonic accumulation
increased with the MP concentration, and the maternal uptake of phenanthrene might
have been passed on to the progeny. Additionally, MPs increased the bradycardia that
phenanthrene induced in the embryos, indicating that MPs increased the transgenerational
toxicity of phenanthrene [84]. Commercially significant wild dolphinfish (Coryphaena
hippurus) in the waters of the Eastern Pacific Ocean were reported to have an altered
reproductive toxicity due to polyethylene, polystyrene, polypropylene, and polyether
sulfone MPs [85].

Many seabirds depend on aquatic species as their chief source of nutrition, so they
are easily exposed to plastics when they eat these aquatic species with bioaccumulated
microplastics [86]. Since the 1960s, up to 78% of seabird species have been found to have
MPs in their gastrointestinal tracts [87,88], and by 2050, almost 99% of more than 300 aquatic
bird species are expected to consume plastic fragments [88]. Terrestrial birds have a variety
of ecological roles in the food web, making them a crucial part of terrestrial ecosystems [89].
According to Ballejo et al. [90], MPs were found in the gastrointestinal tracts of 16 out
of 17 terrestrial bird species. With the exception of the plastic consumption of a few top
bird predators, there is little research on terrestrial birds compared to aquatic ones [89,91].
Research has indicated that consuming MPs harms birds’ reproductive systems [92]. For
instance, male epididymis intraepithelial cysts were more common in Japanese quail chicks
with observed plastic intake than in those without [93]. According to Carey [94], adult
short-tailed shearwaters (Ardenna tenuirostris) can transfer plastics or microplastics to
their young.

MP-induced reproductive toxicity is not confined to fish, amphibians, reptiles, and
birds, but has also been reported in mammals. Xie [95] studied the molecular mechanisms
underlying how polystyrene microplastics (PS-MPs) affect rat ovaries. They concluded
that treating rats with polystyrene microplastics resulted in fibrosis due to the activation
of the Wnt/catenin signaling pathway and granulosa cell death due to oxidative stress,
which reduced the ovarian reserve capacity. Amereh [96] studied the effects of MPs on
the reproductive system of male mice. Healthy Balb/c mice were given 6 weeks’ worth of
exposure to either saline or various doses of micro-PS. The findings demonstrated a major
decline in sperm quantity and motility and a considerable rise in sperm deformities follow-
ing exposure to micro-PS. Another study examined the potential endocrine disturbances of
NPs (polystyrene) in male rats, focusing specifically on reproductive toxicity; doses of 1, 3,
6, and 10 mg/kg-day and an exposure time of 5 weeks resulted in alterations in the semen
quality, variations in the hormonal environment, and endocrine disruption [97]. Relatively
longer exposure to microplastics (polymer type: polystyrene) caused testicle weight loss
and a decrease in sperm quantity in male mice [98]. MP exposure (polystyrene with a
particle size of 10 µm) in a murine model of allogeneic mating demonstrated an enhanced
embryo resorption rate during the peri-implantation phase. The quantity and diameter
of uterine arterioles decreased, which meant that the uterine blood supply was lessened.
Additionally, although the number of helper T cells in the placenta grew, the proportion of
decidual natural killer cells decreased. Finally, a shift in the release of cytokines toward an
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immunosuppressive condition occurred [99]. Continuous 35-day exposure to polystyrene
MPs caused reproductive toxicity in female mice. According to the findings, the blood,
large and small intestines, uterus, ovary, heart, liver, spleen, lung, kidney, brain, and other
organs of mice could accumulate PS-MPs. Furthermore, after being exposed to PS-MPs,
the mouse ovaries had higher levels of IL-6 and lower levels of malondialdehyde (MDA).
Additionally, the MPs condensed the rate of first polar body manufacture and the perse-
verance of superovulated oocytes. In contrast, polystyrene MPs enhanced reactive oxygen
species (ROS) and decreased the levels of calcium in the endoplasmic reticulum ([Ca2+]
ER), mitochondrial membrane potential (MMP), and glutathione (GSH) in oocytes [100].
Another study determined that MPs (polystyrene) caused greater buildup and oxidative
stress in the female ovaries relative to the male testes. After exposure to PS-MPs, the testes
of the male mice produced considerably fewer spermatogenic cells and viable epididymis
sperm, and the frequency of sperm defects was amplified. Exposure to polystyrene MPs
caused a reduction in the ovarian size and follicle count in the female mice. The levels of
testosterone, the luteinizing hormone, and the follicle-stimulating hormone were decreased,
and the estradiol levels improved in the serum of the male mice after exposure to PS-MPs.
In contrast, the changes in the same hormone levels in the serum of the female mice were
the opposite. The microplastic-exposed animals had a lower conception rate, resulting in
fewer embryos. These results imply that the exposure to PS-MPs harmed the reproductive
systems and caused oxidative stress, testicular and ovarian damage, altered blood hor-
mone levels, and impaired reproduction and fertility. Regarding reproduction and fertility,
female mice seem more vulnerable to MPs than male mice [101]. MP exposure in albino
mice caused a reduction in the volume, motility, and number of sperm in the epididymis.
Additionally, the amount of serum testosterone was also significantly reduced. Histological
analysis of the testicular architecture revealed deformed testes, with the largest percentage
of vacuolated seminiferous tubules, elevated catalase, and reduced superoxide dismutase
activity. This report contributes to our understanding of reproductive toxicity in mammals
due to microplastic exposure and oral intake. The potential toxicity of microplastics in
terrestrial animals was shown by demonstrating that the oral intake of PS-MPs impaired
male rats’ reproductive function [102]. Li [102] confirmed that microplastics (polystyrene)
caused harm to the seminiferous tubules, caused the death of spermatogenic cells, and
decreased their quality and motility, leading to abnormalities. The findings showed that
4- and 10-micrometer PS-MPs accumulated in the mouse testicles after 24 h of exposure.
In addition, when the exposure time was increased by up to one month, the levels of
testosterone, an important sex hormone, dropped, and the sperm was affected. Spermato-
genic cells were disorganized and abscised, and multinucleated gonocytes were seen in the
seminiferous tubules, according to H&E staining [63]. The findings revealed that there were
considerably fewer viable epididymis sperm following polystyrene MP exposure; using
Duff–Quik staining, it was discovered that the MPs amplified the rate of sperm deformity.
After exposure to PS-MPs, HE and TUNEL labeling revealed the reduction, shedding,
and death of sperm cells at all stages of the testes [103,104]. MPs contaminated with PAE
caused increased reproductive toxicities that were seen as more significant changes in the
physiology and spermatogenesis of the sperm. The changes in the testicular transcriptome
and exacerbation of oxidative stress caused by PAE-contaminated MPs further supported
the increased toxicities. [105]. For 180 days straight, mice were given water that contained
100 µg/L and 1000 µg/L of polystyrene MPs with particle sizes of 0.5 µm, 4 µm, and
10 µm, which resulted in testicular damage, an altered shape, and lower serum levels of
testosterone, LH, and FSH. Additionally, it caused sperm damage [106] (Table 2).
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Table 2. MP-induced reproductive toxicity in vertebrates, including human beings.

Group Species Toxicity Reference

Fishes Oryzias latipes Considerable decline in reproductive output [80]

Danio rerio
Male testes showed significantly higher levels of apoptosis,

and gonads and livers had considerably higher levels of
reactive oxygen species (ROS)

[81]

Oreochromes niloticus Mostly affected gonads [82]

Oreochromes niloticus MP had testicular, histological, and degenerative,
testis-ova alterations [83]

Coryphaena hippurus Affected reproductive function [84]

Birds Hazardous to birds’ reproductive systems [92]

Coturnix japonica Intraepithelial cysts in the male epididymis [93]

Ardenna tenuirostris Transferred microplastics to young [94]

Mammals Rats Fibrosis, granulosa cell death due to oxidative stress, reduced
ovarian reserve capacity, affected rat ovaries [95]

Mouse Significant decrease in sperm quantity and motility [96]

Semen quality, changes in the hormonal environment [97]

Decreased sperm number and changed sperm phenotype [98]

Reduced the rate of first polar body extrusion and the
survival of super-ovulated oocytes [99]

Fewer spermatogenic cells and viable epididymis sperm, and
the frequency of sperm deformity was increased [100]

Increased reduction in ovarian size and follicle count in
female mice, levels of testosterone, and luteinizing hormone [101]

Volume, motility, the number of sperm in the epididymis, and
the amount of serum testosterone were all

significantly reduced
[102]

Damage to seminiferous tubules caused the death of
spermatogenic cells and lowered sperm motility and
concentration while increasing sperm abnormalities

[103]

The sperm quality and testosterone levels of mice decreased [106]

Increased the rate of malformation, shedding, and death of
sperm cells at all levels of the testes [104]

Significant changes in the physiology and spermatogenesis of
sperm, changes in the testicular transcriptome, and

exacerbation of oxidative stress
[105]

Humans MPs less than 700 nm were quantified in human blood [107]

Evidence of MPs in six human placentas that were taken from
consenting women [108]

Human placenta and meconium samples were found to
contain MPs [109]

Microplastics in 17 placentas [110]

Presence of MPs in human placentas [111]

MPs were quantified in women’s breastmilk [112]

4. Evidence of MPs in Human Tissues

Human beings are also exposed to MPs and NPs through contaminated food and
the inhalation of contaminated air. Recently, many studies have detected MPs in human
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blood. Many reports that quantified MPs in human materials, including blood, have been
published in this regard, such as that of Leslie [108], who quantified NPs with a size of
700 nm from human blood samples. In their study, the most abundant polymers that they
identified in human blood were polyethylene, styrene, and polyethylene terephthalate.
Ragusa [109] found clear evidence of MPs in six human placentas taken from consenting
women with healthy pregnancies and examined them using Raman microspectroscopy to
determine whether microplastics were present. A study was designed to check for MPs
larger than 50 µm in placental tissue and meconium samples taken during two breech births
via cesarean section. The presence of 10 prevalent forms of microplastics was examined
using Fourier-transform infrared (FTIR) microspectroscopy in placenta and stool samples
following the chemical digestion of non-plastic material. This study found polyurethane,
polyethylene, polypropylene, and polystyrene [109]. Using direct laser–infrared (LD-IR)
spectroscopy, Ref. [110] examined the existence and features of microplastics in 17 placentas.
All of the placenta samples contained microplastics, with an abundance ranging between
0.28 and 9.55 particles/g and an average of 2.70 to 2.65 particles/g. There were 11 different
types of polymers found in these microplastics, including polyvinyl chloride (PVC, 43.27%),
polypropylene (PP, 14.55%), and polybutylene succinate (PBS, 10.90%). These microplastics
had diameters ranging between 20.34 and 307.29 µm, and the majority (80.29%) were
under 100 µm. While fibers predominated among the larger microplastics (200–307.29 µm),
fragments made up most of the smaller microplastics. A TEM (transmission electron
microscopy) study of ultrathin slices of 10 placenta samples revealed MP particles in the
villi compartment of the human placenta [111]. Recently, MPs were quantified in human
breast milk and other aquatic organisms. In that study, the researchers extracted MPs from
26 out of the 34 samples. The most significant polymers that were extracted were PVC, PET,
and PP, with a size range of 2–12 µm [112–116] (Table 2).

5. Conclusions and Recommendations for Future Directions

This study presents a comprehensive review of the adverse impacts of MPs on the
reproductive systems of animals, from simple invertebrates to complex vertebrates. Many
studies have shown reproductive toxicity in animals. However, research in this direction
is still limited. The research gaps must be filled and studied to understand the alarming
vulnerabilities to and behavior of MPs.

The following measures are recommended for the control of MP pollution:

• MP pollution is an ecological problem that crosses borders and affects the entire world.
The damage caused by MP pollution has an impact everywhere and is not limited to
a specific location. As a result, international aid and a coordinated reaction from all
governments are required for the management and mitigation of MP pollution.

• On one hand, active participation in international conferences is advised to enhance
global communication, coordination, and policy suggestions for the prevention of
MP pollution.

• A critical step in lowering MP contamination is source minimization. Strong regu-
lations should be used to regulate the manufacturing and trading of products that
could harm the environment with MPs at the source. Due to their detrimental effects,
microplastics such as microbeads have been outlawed for industrial use in several
nations. For instance, the Microbead-Free Water Act, which was adopted in the United
States in 2015, made the use of microbeads illegal.

• Many people are interested in the development of a strategy for the biological elimi-
nation of MPs, which can be broken down by some environmental microbes. This is
currently an effective way to prevent and control microplastic pollution and a great
way to deal with non-biodegradable plastics. At the same time, due to processing costs,
breakdown efficacy, and other limitations, biodegradable polymers cannot completely
replace conventional plastics.

• In Pakistan, there are no precise rules governing MP contamination. However, the
nation still has legislation in its capital that governs and bans the usage of plastics,
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such as polyethylene bags. These plastic-ban regulations aid in the first phase of the
development of additional regulations for combatting plastic contamination.

Author Contributions: M.B. and H.U.H. designed this study and wrote the article. K.G., A.A. and
M.T. helped in the data analysis. N.R., M.S. and R.A.G. helped in the literature search. M.I.A.S. and
T.A. conceived the concept of the review. G.N.: conception and critical revision. All authors have
read and agreed to the published version of the manuscript.

Funding: This study was financially supported by Universiti Brunei Darussalam under the FOS
Allied Fund (UBD/RSCH/1.4/FICBF(a)/2023).

Informed Consent Statement: Not applicable.

Data Availability Statement: All data generated or analyzed during this study are included in this
published article.

Conflicts of Interest: The authors declare that they have no competing interests.

References
1. PlasticsEurope. Plastics—The Facts: An Analysis of European Plastics Production Demand and Waste Data; PlasticsEurope: Brussels,

Belgium, 2020.
2. Boucher, J.; Friot, D. Primary Microplastics in the Oceans: A Global Evaluation of Sources; IUCN: Gland, Switzerland, 2017; Volume 10.
3. Bilal, M.; Ali, H.; Ullah, R.; Hussain, I.; Khan, B.A. Overview of Microplastics Threat in Aquatic Animals Since 1960 to 2020 Int. J.

Res. Anal. Rev. 2021, 8, 950–964.
4. Hidalgo-Ruz, V.; Gutow, L.; Thompson, R.C.; Thiel, M. Microplastics in the marine environment: A review of the methods used

for identification and quantification. Environ. Sci. Technol. 2012, 46, 3060–3075. [CrossRef] [PubMed]
5. Thompson, R.C.; Swan, S.H.; Moore, C.J.; Vom Saal, F.S. Our plastic age. Philos. Trans. R Soc. B Biol. Sci. 2009, 364, 1973–1976.

[CrossRef] [PubMed]
6. Barnes, D.K.; Galgani, F.; Thompson, R.C.; Barlaz, M. Accumulation and fragmentation of plastic debris in global environments.

Philos. Trans. R. Soc. B Biol. Sci. 2009, 364, 1985–1998. [CrossRef]
7. Hopewell, J.; Dvorak, R.; Kosior, E. Plastics recycling: Challenges and opportunities. Philos. Trans. R. Soc. B Biol. Sci. 2009, 364,

2115–2126. [CrossRef]
8. Brooks, A.L.; Wang, S.; Jambeck, J.R. The Chinese import ban and its impact on global plastic waste trade. Sci. Adv. 2018,

4, eaat0131. [CrossRef]
9. Lusher, A. Microplastics in the marine environment: Distribution, interactions and effects. In Marine Anthropogenic Litter; Springer:

Cham, Switzerland, 2015; pp. 245–307.
10. Santonicola, S.; Volgare, M.; Cocca, M.; Dorigato, G.; Giaccone, V.; Colavita, G. Impact of Fibrous Microplastic Pollution on

Commercial Seafood and Consumer Health: A Review. Animals 2023, 13, 1736. [CrossRef]
11. Santini, S.; De Beni, E.; Martellini, T.; Sarti, C.; Randazzo, D.; Ciraolo, R.; Scopetani, C.; Cincinelli, A. Occurrence of Natural and

Synthetic Micro-Fibers in the Mediterranean Sea: A Review. Toxics 2022, 10, 391. [CrossRef]
12. Klein, S.; Worch, E.; Knepper, T.P. Occurrence and spatial distribution of microplastics in river shore sediments of the Rhine-Main

area in Germany. Environ. Sci. Technol. 2015, 49, 6070–6076. [CrossRef]
13. Baldwin, A.K.; Corsi, S.R.; Mason, S.A. Plastic debris in 29 Great Lakes tributaries: Relations to watershed attributes and

hydrology. Environ. Sci. Technol. 2016, 50, 10377–10385. [CrossRef]
14. Corcoran, P.L.; Norris, T.; Ceccanese, T.; Walzak, M.J.; Helm, P.A.; Marvin, C.H. Hidden plastics of Lake Ontario, Canada and

their potential preservation in the sediment record. Environ. Pollut. 2015, 204, 17–25. [CrossRef]
15. Su, L.; Xue, Y.; Li, L.; Yang, D.; Kolandhasamy, P.; Li, D.; Shi, H. Microplastics in taihu lake, China. Environ. Pollut. 2016, 216,

711–719. [CrossRef]
16. Murphy, F.; Ewins, C.; Carbonnier, F.; Quinn, B. Wastewater treatment works (WwTW) as a source of microplastics in the aquatic

environment. Environ. Sci. Technol. 2016, 50, 5800–5808. [CrossRef] [PubMed]
17. Bilal, M.; Qadir, A.; Yaqub, A.; Hassan, H.U.; Irfan, M.; Aslam, M. Microplastics in water, sediments, and fish at Alpine River,

originating from the Hindu Kush Mountain, Pakistan: Implications for conservation. Environ. Sci. Pollut. Res. 2022, 30, 727–738.
[CrossRef] [PubMed]

18. Kershaw, P.J.; Gesamp, S. Sources, Fate and Effects of Microplastics in the Marine Environment: A Global Assessment; GESAMP: London,
UK, 2015; p. 96. Available online: http://www.gesamp.org/publications/reports-and-studies-no-90 (accessed on 23 June 2023).

19. Graham, E.R.; Thompson, J.T. Deposit-and suspension-feeding sea cucumbers (Echinodermata) ingest plastic fragments. J. Exp.
Mar. Biol. Eco. 2009, 368, 22–29. [CrossRef]

20. Hartmann, N.B.; Huffer, T.; Thompson, R.C.; Hassellöv, M.; Verschoor, A.; Daugaard, A.E.; Rist, S.; Karlsson, T.; Brennholt, N.;
Cole, M.; et al. Are we speaking the same language? Recommendations for a definition and categorization framework for plastic
debris. Environ. Sci. Technol. 2019, 53, 1039–1047. [CrossRef]

https://doi.org/10.1021/es2031505
https://www.ncbi.nlm.nih.gov/pubmed/22321064
https://doi.org/10.1098/rstb.2009.0054
https://www.ncbi.nlm.nih.gov/pubmed/19528049
https://doi.org/10.1098/rstb.2008.0205
https://doi.org/10.1098/rstb.2008.0311
https://doi.org/10.1126/sciadv.aat0131
https://doi.org/10.3390/ani13111736
https://doi.org/10.3390/toxics10070391
https://doi.org/10.1021/acs.est.5b00492
https://doi.org/10.1021/acs.est.6b02917
https://doi.org/10.1016/j.envpol.2015.04.009
https://doi.org/10.1016/j.envpol.2016.06.036
https://doi.org/10.1021/acs.est.5b05416
https://www.ncbi.nlm.nih.gov/pubmed/27191224
https://doi.org/10.1007/s11356-022-22212-8
https://www.ncbi.nlm.nih.gov/pubmed/35906523
http://www.gesamp.org/publications/reports-and-studies-no-90
https://doi.org/10.1016/j.jembe.2008.09.007
https://doi.org/10.1021/acs.est.8b05297


Water 2023, 15, 2831 11 of 14

21. Derraik, J.G. The pollution of the marine environment by plastic debris: A review. Mar. Pollut. Bull. 2002, 44, 842–852. [CrossRef]
[PubMed]

22. Ryan, P.G.; Moore, C.J.; van Franeker, J.A.; Moloney, C.L. Monitoring the abundance of plastic debris in the marine environment.
Philos. Trans. R Soc. Lond. Ser. B Biol. Sci. 2009, 364, 1999–2012. [CrossRef] [PubMed]

23. Browne, M.A.; Galloway, T.; Thompson, R. Microplastic—An emerging contaminant of potential concern? Integr. Environ. Assess.
Manag. 2007, 3, 297. [CrossRef]

24. Browne, M.A.; Galloway, T.S.; Thompson, R.C. Spatial patterns of plastic debris along Estuarine shorelines. Environ. Sci. Technol.
2010, 44, 3404–3409. [CrossRef]

25. Claessens, M.; De Meester, S.; Van Landuyt, L.; De Clerck, K.; Janssen, C.R. Occurrence and distribution of microplastics in marine
sediments along the Belgian coast. Mar. Pollut. Bull. 2011, 62, 2199–2204. [CrossRef]

26. Costa, M.F.; Ivar do Sul, J.A.; Silva-Cavalcanti, J.S.; Araújo, M.C.B.; Spengler, Â.; Tourinho, P.S. On the importance of size of plastic
fragments and pellets on the strandline: A snapshot of a Brazilian beach. Environ. Monit. Assess. 2010, 168, 299–304. [CrossRef]
[PubMed]

27. Andrady, A.L. Microplastics in the marine environment. Mar. Pollut. Bull. 2011, 62, 1596–1605. [CrossRef] [PubMed]
28. Koehler, A.; Alison, A.; Anthony, A.; Courtney, A.; Baker, J.E.; Bouwman, H.; Gall, S.C.; Hidalgo-Ruz, V.; Koehler, A.; Law, K.L.;

et al. Source, Fate and Effect of Microplastics in the Marine Environment: A Global Assessment; GESAMP: London, UK, 2015. Available
online: http://www.gesamp.org/publications/microplastics-in-the-marine-environment-part-2 (accessed on 23 May 2023).

29. Cózar, A.; Echevarría, F.; González-Gordillo, J.I.; Irigoien, X.; Úbeda, B.; Hernández-León, S.; Palma, Á.T.; Navarro, S.; García-
de-Lomas, J.; Ruiz, A.; et al. Plastic debris in the open ocean. Proc. Natl. Acad. Sci. USA 2014, 111, 10239–10244. [CrossRef]
[PubMed]

30. Hu, L.; Chernick, M.; Hinton, D.E.; Shi, H. Microplastics in small waterbodies and tadpoles from Yangtze River Delta, China.
Environ. Sci. Technol. 2018, 52, 8885–8893. [CrossRef] [PubMed]

31. Li, J.; Huang, W.; Xu, Y.; Jin, A.; Zhang, D.; Zhang, C. Microplastics in sediment cores as indicators of temporal trends in
microplastic pollution in Andong salt marsh, Hangzhou Bay, China. Reg. Stud. Mar. Sci. 2020, 35, 101149. [CrossRef]

32. Eo, S.; Hong, S.H.; Song, Y.K.; Han, G.M.; Shim, W.J. Spatiotemporal distribution and annual load of microplastics in the Nakdong
River, South Korea. Water Res. 2019, 160, 228–237. [CrossRef]

33. Napper, I.E.; Bakir, A.; Rowland, S.J.; Thompson, R.C. Characterization, quantity and sorptive properties of microplastics
extracted from cosmetics. Mar. Pollut. Bull. 2015, 99, 178–185. [CrossRef]

34. Van Wijnen, J.; Ragas, A.M.; Kroeze, C. Modelling global river export of microplastics to the marine environment: Sources and
future trends. Sci. Total. Environ. 2019, 673, 392–401. [CrossRef]

35. Peng, G.; Bellerby, R.; Zhang, F.; Sun, X.; Li, D. The ocean’s ultimate trashcan: Hadal trenches as major depositories for plastic
pollution. Water Res. 2020, 168, 115121. [CrossRef]

36. Hanslik, L. Microplastics in Limnic Ecosystems-Investigation of Biological Fate and Effects of Microplastic Particles and Associated
Contaminants in Zebrafish (Danio rerio). Ph.D. Thesis, Heidelberg University, Heidelberg, Germany, 2020.

37. Ross, P.S.; Chastain, S.; Vassilenko, E.; Etemadifar, A.; Zimmermann, S.; Quesnel, S.-A.; Eert, J.; Solomon, E.; Patankar, S.; Posacka,
A.M.; et al. Pervasive distribution of polyester fibres in the Arctic Ocean is driven by Atlantic inputs. Nat. Commun. 2021, 12, 106.
[CrossRef] [PubMed]

38. Thompson, R.C.; Olsen, Y.; Mitchell, R.P.; Davis, A.; Rowland, S.J.; John, A.W.G.; McGonigle, D.; Russell, A.E. Lost at sea: Where
is all the plastic? Science 2004, 304, 838. [CrossRef]

39. Lorenz, C.; Roscher, L.; Meyer, M.S.; Hildebrandt, L.; Prume, J.; Löder, M.G.; Primpke, S.; Gerdts, G. Spatial distribution of
microplastics in sediments and surface waters of the southern North Sea. Environ. Pollut. 2019, 252, 1719–1729. [CrossRef]
[PubMed]

40. Fischer, E.K.; Paglialonga, L.; Czech, E.; Tamminga, M. Microplastic pollution in lakes and lake shoreline sediments—A case
study on Lake Bolsena and Lake Chiusi (central Italy). Environ. Pollut. 2016, 213, 648–657. [CrossRef] [PubMed]

41. Wang, W.; Yuan, W.; Chen, Y.; Wang, J. Microplastics in surface waters of Dongting Lake and Hong Lake, China. Sci. Total.
Environ. 2018, 633, 539–545. [CrossRef] [PubMed]

42. Hoellein, T.J.; Shogren, A.J.; Tank, J.L.; Risteca, P.; Kelly, J.J. Microplastic deposition velocity in streams follows patterns for
naturally occurring allochthonous particles. Sci. Rep. 2019, 9, 3740. [CrossRef] [PubMed]

43. Waldschläger, K.; Schüttrumpf, H. Efects of particle properties on the settling and rise velocities of microplastics in freshwater
under laboratory conditions. Environ. Sci. Technol. 2019, 53, 1958–1966. [CrossRef]

44. Khatmullina, L.; Isachenko, I. Settling velocity of microplastic particles of regular shapes. Mar. Pollut. Bull. 2017, 114, 871–880.
[CrossRef]

45. Yong, C.Q.Y.; Valiyaveettil, S.; Tang, B.L. Toxicity of microplastics and nanoplastics in mammalian systems. Int. J. Environ. Res.
Public Health 2020, 17, 1509. [CrossRef]

46. Li, J.; Ouyang, Z.; Liu, P.; Zhao, X.; Wu, R.; Zhang, C.; Lin, C.; Li, Y.; Guo, X. Distribution and characteristics of microplastics in
the basin of Chishui River in Renhuai, China. Sci. Total. Environ. 2021, 773, 145591. [CrossRef]

47. Bai, C.L.; Liu, L.Y.; Hu, Y.B.; Zeng, E.Y.; Guo, Y. Microplastics: A review of analytical methods, occurrence and characteristics in
food, and potential toxicities to biota. Sci. Total. Environ. 2022, 806, 150263. [CrossRef] [PubMed]

https://doi.org/10.1016/S0025-326X(02)00220-5
https://www.ncbi.nlm.nih.gov/pubmed/12405208
https://doi.org/10.1098/rstb.2008.0207
https://www.ncbi.nlm.nih.gov/pubmed/19528052
https://doi.org/10.1002/ieam.5630030412
https://doi.org/10.1021/es903784e
https://doi.org/10.1016/j.marpolbul.2011.06.030
https://doi.org/10.1007/s10661-009-1113-4
https://www.ncbi.nlm.nih.gov/pubmed/19680758
https://doi.org/10.1016/j.marpolbul.2011.05.030
https://www.ncbi.nlm.nih.gov/pubmed/21742351
http://www.gesamp.org/publications/microplastics-in-the-marine-environment-part-2
https://doi.org/10.1073/pnas.1314705111
https://www.ncbi.nlm.nih.gov/pubmed/24982135
https://doi.org/10.1021/acs.est.8b02279
https://www.ncbi.nlm.nih.gov/pubmed/30035533
https://doi.org/10.1016/j.rsma.2020.101149
https://doi.org/10.1016/j.watres.2019.05.053
https://doi.org/10.1016/j.marpolbul.2015.07.029
https://doi.org/10.1016/j.scitotenv.2019.04.078
https://doi.org/10.1016/j.watres.2019.115121
https://doi.org/10.1038/s41467-020-20347-1
https://www.ncbi.nlm.nih.gov/pubmed/33436597
https://doi.org/10.1126/science.1094559
https://doi.org/10.1016/j.envpol.2019.06.093
https://www.ncbi.nlm.nih.gov/pubmed/31284214
https://doi.org/10.1016/j.envpol.2016.03.012
https://www.ncbi.nlm.nih.gov/pubmed/27104923
https://doi.org/10.1016/j.scitotenv.2018.03.211
https://www.ncbi.nlm.nih.gov/pubmed/29579665
https://doi.org/10.1038/s41598-019-40126-3
https://www.ncbi.nlm.nih.gov/pubmed/30842497
https://doi.org/10.1021/acs.est.8b06794
https://doi.org/10.1016/j.marpolbul.2016.11.024
https://doi.org/10.3390/ijerph17051509
https://doi.org/10.1016/j.scitotenv.2021.145591
https://doi.org/10.1016/j.scitotenv.2021.150263
https://www.ncbi.nlm.nih.gov/pubmed/34571218


Water 2023, 15, 2831 12 of 14

48. Lei, L.; Wu, S.; Lu, S.; Liu, M.; Song, Y.; Fu, Z.; Shi, H.; Raley-Susman, K.M.; He, D. Microplastic particles cause intestinal damage
and other adverse effects in zebrafish Danio rerio and nematode Caenorhabditis elegans. Sci. Total. Environ. 2018, 619–620, 1–8.
[CrossRef]

49. Jin, Y.; Xia, J.; Pan, Z.; Yang, J.; Wang, W.; Fu, Z. Polystyrene microplastics induce microbiota dysbiosis and inflammation in the
gut of adult zebrafish. Environ. Pollut. 2018, 235, 322–329. [CrossRef] [PubMed]

50. Poma, A.; Vecchiotti, G.; Colafarina, S.; Zarivi, O.; Aloisi, M.; Arrizza, L.; Chichiriccò, G.; Di Carlo, P. In vitro genotoxicity of
polystyrene nanoparticles on the human fibroblast Hs27 cell line. Nanomater 2019, 9, 1299. [CrossRef] [PubMed]

51. Fackelmann, G.; Sommer, S. Microplastics and the gut microbiome: How chronically exposed species may suffer from gut
dysbiosis. Mar. Pollut. Bull. 2019, 143, 193–203. [CrossRef]

52. Qiao, R.; Deng, Y.; Zhang, S.; Wolosker, M.B.; Zhu, Q.; Ren, H.; Zhang, Y. Accumulation of different shapes of microplastics
initiates intestinal injury and gut microbiota dysbiosis in the gut of zebrafish. Chemosphere 2019, 236, 124334. [CrossRef]

53. Li, C.; Busquets, R.; Campos, L.C. Assessment of microplastics in freshwater systems: A review. Sci. Total. Environ. 2020,
707, 135578. [CrossRef]

54. Hirt, N.; Body-Malapel, M. Immunotoxicity and intestinal effects of nano-and microplastics: A review of the literature. Part. Fibre.
Toxicol. 2020, 17, 57. [CrossRef]

55. Crump, A.; Mullens, C.; Bethell, E.J.; Cunningham, E.M.; Arnott, G. Microplastics disrupt hermit crab shell selection. Biol. Lett.
2020, 16, 20200030. [CrossRef]

56. Prüst, M.; Meijer, J.; Westerink, R.H. The plastic brain: Neurotoxicity of micro-and nanoplastics. Part. Fibre. Toxicol. 2020, 17, 24.
[CrossRef]

57. Solleiro-Villavicencio, H.; Gomez-De León, C.T.; Del Río-Araiza, V.H.; Morales-Montor, J. The detrimental effect of microplastics
on critical periods of development in the neuroendocrine system. Birth Defects Res. 2020, 112, 1326–1340. [CrossRef] [PubMed]

58. Lear, G.; Kingsbury, J.M.; Franchini, S.; Gambarini, V.; Maday, S.D.M.; Wallbank, J.A.; Weaver, L.; Pantos, O. Plastics and the
microbiome: Impacts and solutions. Environ. Microbiome 2021, 16, 2. [CrossRef]

59. Tagorti, G.; Kaya, B. Genotoxic effect of microplastics and COVID-19: The hidden threat. Chemosphere 2022, 286, 131898. [CrossRef]
[PubMed]

60. Sussarellu, R.; Suquet, M.; Thomas, Y.; Lambert, C.; Fabioux, C.; Pernet, M.E.J.; Le Goïc, N.; Quillien, V.; Mingant, C.; Epelboin, Y.;
et al. Oyster reproduction is affected by exposure to polystyrene microplastics. Proc. Natl. Acad. Sci. USA 2016, 113, 2430–2435.
[CrossRef] [PubMed]

61. Sarasamma, S.; Audira, G.; Siregar, P.; Malhotra, N.; Lai, Y.H.; Liang, S.T.; Chen, J.-R.; Chen, K.H.-C.; Hsiao, C.D. Nanoplastics
cause neurobehavioral impairments, reproductive and oxidative damages, and biomarker responses in zebrafish: Throwing up
alarms of wide spread health risk of exposure. Int. J. Mol. Sci. 2020, 21, 1410. [CrossRef] [PubMed]

62. Jin, H.; Ma, T.; Sha, X.; Liu, Z.; Zhou, Y.; Meng, X.; Chen, Y.; Han, X.; Ding, J. Polystyrene microplastics induced male reproductive
toxicity in mice. J. Hazard. Mater. 2021, 401, 123430. [CrossRef]

63. Yin, K.; Wang, Y.; Zhao, H.; Wang, D.; Guo, M.; Mu, M.; Liu, Y.; Nie, X.; Li, B.; Li, J.; et al. A comparative review of microplastics
and nanoplastics: Toxicity hazards on digestive, reproductive and nervous system. Sci. Total. Environ. 2021, 774, 145758.
[CrossRef]

64. Eom, H.J.; Lee, N.; Yum, S.; Rhee, J.S. Effects of extremely high concentrations of polystyrene microplastics on asexual reproduction
and nematocyst discharge in the jellyfish Sanderia malayensis. Sci. Total. Environ. 2022, 807, 150988. [CrossRef]

65. Wright, S.L.; Rowe, D.; Thompson, R.C.; Galloway, T.S. Microplastic ingestion decreases energy reserves in marine worms. Curr.
Biol. 2013, 23, R1031–R1033. [CrossRef]

66. Lahive, E.; Walton, A.; Horton, A.A.; Spurgeon, D.J.; Svendsen, C. Microplastic particles reduce reproduction in the terrestrial
worm Enchytraeus crypticus in a soil exposure. Environ. Pollut. 2019, 255, 113174. [CrossRef]

67. Kwak, J.I.; An, Y.J. Microplastic digestion generates fragmented nanoplastics in soils and damages earthworm spermatogenesis
and coelomocyte viability. J. Hazard. Mater. 2021, 402, 124034. [CrossRef] [PubMed]

68. Ziajahromi, S.; Kumar, A.; Neale, P.A.; Leusch, F.D. Impact of microplastic beads and fibers on waterflea (Ceriodaphnia dubia)
survival, growth, and reproduction: Implications of single and mixture exposures. Environ. Sci. Technol. 2017, 51, 13397–13406.
[CrossRef] [PubMed]

69. Lee, K.W.; Shim, W.J.; Kwon, O.Y.; Kang, J.H. Size-dependent effects of micro polystyrene particles in the marine copepod
Tigriopus japonicus. Environ. Sci. Technol. 2013, 47, 11278–11283. [CrossRef] [PubMed]

70. Yu, J.; Tian, J.-Y.; Xu, R.; Zhang, Z.-Y.; Yang, G.-P.; Wang, X.-D.; Lai, J.-G.; Chen, R. Effects of microplastics exposure on ingestion,
fecundity, development, and dimethylsulfide production in Tigriopus japonicus (Harpacticoida, copepod). Environ. Pollut. 2020,
267, 115429. [CrossRef] [PubMed]

71. Sun, S.; Jin, Y.; Luo, P.; Shi, X. Polystyrene microplastics induced male reproductive toxicity and transgenerational effects in
freshwater prawn. Sci. Total. Environ. 2022, 842, 156820. [CrossRef] [PubMed]

72. Pacheco, A.; Martins, A.; Guilhermino, L. Toxicological interactions induced by chronic exposure to gold nanoparticles and
microplastics mixtures in Daphnia magna. Sci. Total. Environ. 2018, 628, 474–483. [CrossRef]

73. Besseling, E.; Wang, B.; Lürling, M.; Koelmans, A.A. Nanoplastic affects growth of S. obliquus and reproduction of D. magna.
Environ. Sci. Tech. 2014, 48, 12336–12343. [CrossRef]

https://doi.org/10.1016/j.scitotenv.2017.11.103
https://doi.org/10.1016/j.envpol.2017.12.088
https://www.ncbi.nlm.nih.gov/pubmed/29304465
https://doi.org/10.3390/nano9091299
https://www.ncbi.nlm.nih.gov/pubmed/31514347
https://doi.org/10.1016/j.marpolbul.2019.04.030
https://doi.org/10.1016/j.chemosphere.2019.07.065
https://doi.org/10.1016/j.scitotenv.2019.135578
https://doi.org/10.1186/s12989-020-00387-7
https://doi.org/10.1098/rsbl.2020.0030
https://doi.org/10.1186/s12989-020-00358-y
https://doi.org/10.1002/bdr2.1776
https://www.ncbi.nlm.nih.gov/pubmed/32770630
https://doi.org/10.1186/s40793-020-00371-w
https://doi.org/10.1016/j.chemosphere.2021.131898
https://www.ncbi.nlm.nih.gov/pubmed/34411929
https://doi.org/10.1073/pnas.1519019113
https://www.ncbi.nlm.nih.gov/pubmed/26831072
https://doi.org/10.3390/ijms21041410
https://www.ncbi.nlm.nih.gov/pubmed/32093039
https://doi.org/10.1016/j.jhazmat.2020.123430
https://doi.org/10.1016/j.scitotenv.2021.145758
https://doi.org/10.1016/j.scitotenv.2021.150988
https://doi.org/10.1016/j.cub.2013.10.068
https://doi.org/10.1016/j.envpol.2019.113174
https://doi.org/10.1016/j.jhazmat.2020.124034
https://www.ncbi.nlm.nih.gov/pubmed/33254833
https://doi.org/10.1021/acs.est.7b03574
https://www.ncbi.nlm.nih.gov/pubmed/29059522
https://doi.org/10.1021/es401932b
https://www.ncbi.nlm.nih.gov/pubmed/23988225
https://doi.org/10.1016/j.envpol.2020.115429
https://www.ncbi.nlm.nih.gov/pubmed/32866870
https://doi.org/10.1016/j.scitotenv.2022.156820
https://www.ncbi.nlm.nih.gov/pubmed/35738382
https://doi.org/10.1016/j.scitotenv.2018.02.081
https://doi.org/10.1021/es503001d


Water 2023, 15, 2831 13 of 14

74. Horn, D.; Miller, M.; Anderson, S.; Steele, C. Microplastics are ubiquitous on California beaches and enter the coastal food web
through consumption by Pacific mole crabs. Mar. Pollut. Bull. 2019, 139, 231–237. [CrossRef]

75. Wang, J.; Liu, X.; Li, Y.; Powell, T.; Wang, X.; Wang, G.; Zhang, P. Microplastics as contaminants in the soil environment: A
mini-review. Sci. Total. Environ. 2019, 691, 848–857. [CrossRef]

76. Gardon, T.; Reisser, C.; Soyez, C.; Quillien, V.; Le Moullac, G. Microplastics affect energy balance and gametogenesis in the pearl
oyster Pinctada margaritifera. Environ. Sci. Technol. 2018, 52, 5277–5286. [CrossRef]

77. Martínez-Gómez, C.; León, V.M.; Calles, S.; Gomáriz-Olcina, M.; Vethaak, A.D. The adverse effects of virgin microplastics on the
fertilization and larval development of sea urchins. Mar. Environ. Res. 2017, 130, 69–76. [CrossRef]

78. Murano, C.; Agnisola, C.; Caramiello, D.; Castellano, I.; Casotti, R.; Corsi, I.; Palumbo, A. How sea urchins face microplastics:
Uptake, tissue distribution and immune system response. Environl. Pollut. 2020, 264, 114685. [CrossRef]

79. Cormier, B.; Le Bihanic, F.; Cabar, M.; Crebassa, J.-C.; Blanc, M.; Larsson, M.; Dubocq, F.; Yeung, L.; Clérandeau, C.; Keiter, S.H.;
et al. Chronic feeding exposure to virgin and spiked microplastics disrupts essential biological functions in teleost fish. J. Hazard.
Mater. 2021, 415, 125626. [CrossRef] [PubMed]

80. Qiang, L.; Lo, L.S.H.; Gao, Y.; Cheng, J. Parental exposure to polystyrene microplastics at environmentally relevant concentrations
has negligible transgenerational effects on zebrafish (Danio rerio). Ecotoxicol. Environ. Saf. 2020, 206, 111382. [CrossRef] [PubMed]

81. Ismail, R.F.; Saleh, N.E.; Sayed, A.E.D.H. Impacts of microplastics on reproductive performance of male tilapia (Oreochromis
niloticus) pre-fed on Amphora coffeaeformis. Environ. Sci. Pollut. Res. 2021, 28, 68732–68744. [CrossRef] [PubMed]

82. Chae, Y.; Kim, D.; Kim, S.W.; An, Y.J. Trophic transfer and individual impact of nano-sized polystyrene in a four-species freshwater
food chain. Sci. Rep. 2018, 8, 284. [CrossRef]

83. Li, Y.; Yang, G.; Wang, J.; Lu, L.; Li, X.; Zheng, Y.; Zhang, Z.; Ru, S. Microplastics increase the accumulation of phenanthrene in the
ovaries of marine medaka (Oryzias melastigma) and its transgenerational toxicity. J. Hazad. Mater. 2022, 424, 127754. [CrossRef]

84. Li, W.; Pan, Z.; Xu, J.; Liu, Q.; Zou, Q.; Lin, H.; Wu, L.; Huang, H. Microplastics in a pelagic dolphinfish (Coryphaena hippurus)
from the Eastern Pacific Ocean and the implications for fish health. Sci. Total. Environ. 2022, 809, 151126. [CrossRef]

85. Barbieri, E.; Passos, E.D.A.; Filippini, A.; dos Santos, I.S.; Garcia, C.A.B. Assessment of trace metal concentration in feathers
of seabird (Larus dominicanus) sampled in the Florianópolis, SC, Brazilian coast. Environ. Monit. Assess. 2010, 169, 631–638.
[CrossRef]

86. Wilcox, C.; Van Sebille, E.; Hardesty, B.D. Threat of plastic pollution to seabirds is global, pervasive, and increasing. Proc. Natl.
Acad. Sci. USA 2015, 112, 11899–11904. [CrossRef]

87. Basto, M.N.; Nicastro, K.R.; Tavares, A.I.; McQuaid, C.D.; Casero, M.; Azevedo, F.; Zardi, G.I. Plastic ingestion in aquatic birds in
Portugal. Mar. Pollut. Bull. 2019, 138, 19–24. [CrossRef] [PubMed]

88. Carlin, J.; Craig, C.; Little, S.; Donnelly, M.; Fox, D.; Zhai, L.; Walters, L. Microplastic accumulation in the gastrointestinal tracts in
birds of prey in central Florida, USA. Environ. Pollut. 2020, 264, 114633. [CrossRef] [PubMed]

89. Zhao, S.; Zhu, L.; Li, D. Microscopic anthropogenic litter in terrestrial birds from Shanghai, China: Not only plastics but also
natural fibers. Sci. Total. Environ. 2016, 550, 1110–1115. [CrossRef] [PubMed]

90. Ballejo, F.; Plaza, P.; Speziale, K.L.; Lambertucci, A.P.; Lambertucci, S.A. Plastic ingestion and dispersion by vultures may produce
plastic islands in natural areas. Sci. Total. Environ. 2021, 755, 142421. [CrossRef]

91. Fossi, M.C.; Panti, C.; Baini, M.; Lavers, J.L. A review of plastic-associated pressures: Cetaceans of the Mediterranean Sea and
eastern Australian shearwaters as case studies. Front. Mar. Sci. 2018, 5, 173. [CrossRef]

92. Roman, L.; Lowenstine, L.; Parsley, L.M.; Wilcox, C.; Hardesty, B.D.; Gilardi, K.; Hindell, M. Is plastic ingestion in birds as toxic as
we think? Insights from a plastic feeding experiment. Sci. Total. Environ. 2019, 665, 660–667.

93. Carey, M.J. Intergenerational transfer of plastic debris by Short-tailed Shearwaters (Ardenna tenuirostris). Emu—Austral Ornithol.
2011, 111, 229–234. [CrossRef]

94. An, R.; Wang, X.; Yang, L.; Zhang, J.; Wang, N.; Xu, F.; Hou, Y.; Zhang, H.; Zhang, L. Polystyrene microplastics cause granulosa
cells apoptosis and fibrosis in ovary through oxidative stress in rats. Toxicology 2021, 449, 152665. [CrossRef]

95. Xie, X.; Deng, T.; Duan, J.; Xie, J.; Yuan, J.; Chen, M. Exposure to polystyrene microplastics causes reproductive toxicity through
oxidative stress and activation of the p38 MAPK signaling pathway. Ecotoxicol. Environ. Saf. 2020, 190, 110133. [CrossRef]

96. Amereh, F.; Babaei, M.; Eslami, A.; Fazelipour, S.; Rafiee, M. The emerging risk of exposure to nano (micro) plastics on endocrine
disturbance and reproductive toxicity: From a hypothetical scenario to a global public health challenge. Environ. Pollut. 2020, 261,
114158. [CrossRef]

97. Deng, Y.; Chen, H.; Huang, Y.; Wang, Q.; Chen, W.; Chen, D. Polystyrene Microplastics Affect the Reproductive Performance of
Male Mice and Lipid Homeostasis in Their Offspring. Environ. Sci. Technol. Lett. 2022, 9, 752–757. [CrossRef]

98. Hu, J.; Qin, X.; Zhang, J.; Zhu, Y.; Zeng, W.; Lin, Y.; Liu, X. Polystyrene microplastics disturb maternal-fetal immune balance and
cause reproductive toxicity in pregnant mice. Reprod. Toxicol. 2021, 106, 42–50. [CrossRef]

99. Liu, Z.; Zhuan, Q.; Zhang, L.; Meng, L.; Fu, X.; Hou, Y. Polystyrene microplastics induced female reproductive toxicity in mice. J.
Hazard. Mater. 2022, 424, 127629. [CrossRef]

100. Wei, Z.; Wang, Y.; Wang, S.; Xie, J.; Han, Q.; Chen, M. Comparing the effects of polystyrene microplastics exposure on reproduction
and fertility in male and female mice. Toxicology 2022, 465, 153059. [CrossRef]

https://doi.org/10.1016/j.marpolbul.2018.12.039
https://doi.org/10.1016/j.scitotenv.2019.07.209
https://doi.org/10.1021/acs.est.8b00168
https://doi.org/10.1016/j.marenvres.2017.06.016
https://doi.org/10.1016/j.envpol.2020.114685
https://doi.org/10.1016/j.jhazmat.2021.125626
https://www.ncbi.nlm.nih.gov/pubmed/33740727
https://doi.org/10.1016/j.ecoenv.2020.111382
https://www.ncbi.nlm.nih.gov/pubmed/33011509
https://doi.org/10.1007/s11356-021-14984-2
https://www.ncbi.nlm.nih.gov/pubmed/34279784
https://doi.org/10.1038/s41598-017-18849-y
https://doi.org/10.1016/j.jhazmat.2021.127754
https://doi.org/10.1016/j.scitotenv.2021.151126
https://doi.org/10.1007/s10661-009-1202-4
https://doi.org/10.1073/pnas.1502108112
https://doi.org/10.1016/j.marpolbul.2018.11.024
https://www.ncbi.nlm.nih.gov/pubmed/30660262
https://doi.org/10.1016/j.envpol.2020.114633
https://www.ncbi.nlm.nih.gov/pubmed/32388295
https://doi.org/10.1016/j.scitotenv.2016.01.112
https://www.ncbi.nlm.nih.gov/pubmed/26874248
https://doi.org/10.1016/j.scitotenv.2020.142421
https://doi.org/10.3389/fmars.2018.00173
https://doi.org/10.1071/MU10085
https://doi.org/10.1016/j.tox.2020.152665
https://doi.org/10.1016/j.ecoenv.2019.110133
https://doi.org/10.1016/j.envpol.2020.114158
https://doi.org/10.1021/acs.estlett.2c00262
https://doi.org/10.1016/j.reprotox.2021.10.002
https://doi.org/10.1016/j.jhazmat.2021.127629
https://doi.org/10.1016/j.tox.2021.153059


Water 2023, 15, 2831 14 of 14

101. Ilechukwu, I.; Ehigiator, B.E.; Ben, I.O.; Okonkwo, C.J.; Olorunfemi, O.S.; Modo, U.E.; Ilechukwu, C.E.; Ohagwa, N.J. Chronic
toxic effects of polystyrene microplastics on reproductive parameters of male rats. Environ. Anal. Health Toxicol. 2022, 37, e2022015.
[CrossRef]

102. Li, S.; Wang, Q.; Yu, H.; Yang, L.; Sun, Y.; Xu, N.; Wang, N.; Lei, Z.; Hou, J.; Jin, Y.; et al. Polystyrene microplastics induce
blood–testis barrier disruption regulated by the MAPK-Nrf2 signaling pathway in rats. Environ. Sci. Pollut. Res. 2021, 28,
47921–47931. [CrossRef]

103. Hou, B.; Wang, F.; Liu, T.; Wang, Z. Reproductive toxicity of polystyrene microplastics: In vivo experimental study on testicular
toxicity in mice. J. Hazard. Mater. 2021, 405, 124028. [CrossRef]

104. Deng, Y.; Yan, Z.; Shen, R.; Huang, Y.; Ren, H.; Zhang, Y. Enhanced reproductive toxicities induced by phthalates contaminated
microplastics in male mice (Mus musculus). J. Hazard. Mater. 2021, 406, 124644. [CrossRef]

105. Jin, H.; Yan, M.; Pan, C.; Liu, Z.; Sha, X.; Jiang, C.; Li, L.; Pan, M.; Li, D.; Han, X.; et al. Chronic exposure to polystyrene
microplastics induced male reproductive toxicity and decreased testosterone levels via the LH-mediated LHR/cAMP/PKA/StAR
pathway. Part. Fibre. Toxicol. 2022, 19, 13. [CrossRef]

106. Leslie, H.A.; Van Velzen, M.J.; Brandsma, S.H.; Vethaak, A.D.; Garcia-Vallejo, J.J.; Lamoree, M.H. Discovery and quantification of
plastic particle pollution in human blood. Environ. Int. 2022, 163, 107199. [CrossRef]

107. Ragusa, A.; Svelato, A.; Santacroce, C.; Catalano, P.; Notarstefano, V.; Carnevali, O.; Papa, F.; Rongioletti, M.C.A.; Baiocco, F.;
Draghi, S.; et al. Plasticenta: First evidence of microplastics in human placenta. Environ. Int. 2021, 146, 106274. [CrossRef]

108. Braun, T.; Ehrlich, L.; Henrich, W.; Koeppel, S.; Lomako, I.; Schwabl, P.; Liebmann, B. Detection of microplastic in human placenta
and meconium in a clinical setting. Pharmaceutics 2021, 13, 921. [CrossRef] [PubMed]

109. Zhu, L.; Zhu, J.; Zuo, R.; Xu, Q.; Qian, Y.; Lihui, A.N. Identification of microplastics in human placenta using laser direct infrared
spectroscopy. Sci. Total. Environ. 2022, 856, 159060. [CrossRef]

110. Ragusa, A.; Matta, M.; Cristiano, L.; Matassa, R.; Battaglione, E.; Svelato, A.; Nottola, S.A. Deeply in Plasticenta: Presence of
Microplastics in the Intracellular Compartment of Human Placentas. Int. J. Environ. Res. Public Health 2022, 19, 11593. [CrossRef]
[PubMed]

111. Ragusa, A.; Notarstefano, V.; Svelato, A.; Belloni, A.; Gioacchini, G.; Blondeel, C.; Zucchelli, E.; De Luca, C.; D’Avino, S.; Gulotta,
A.; et al. Raman Microspectroscopy Detection and Characterisation of Microplastics in Human Breastmilk. Polymers 2022, 14, 2700.
[CrossRef]

112. Bilal, M.; Ul Hassan, H.; Siddique, M.A.M.; Khan, W.; Gabol, K.; Ullah, I.; Sultana, S.; Abdali, U.; Mahboob, S.; Khan, M.S.; et al.
Microplastics in the Surface Water and Gastrointestinal Tract of Salmo trutta from the Mahodand Lake, Kalam Swat in Pakistan.
Toxics 2023, 11, 3. [CrossRef] [PubMed]

113. Khan, W.; Hassan, H.U.; Gabol, K.; Khan, S.; Gul, Y.; Ahmed, A.E.; Swelum, A.A.; Khooharo, A.; Ahmad, J.; Shafeeq, P.; et al.
Biodiversity, distributions and isolation of microplastics pollution in finfish species in the Panjkora River at Lower and Upper Dir
districts of Khyber Pakhtunkhwa province of Pakistan. Braz. J. Biol. 2022, 84, e256817. [CrossRef]

114. Hassan, H.U.; Mawa, Z.; Ahmad, N.; Zulfiqar, T.; Sohail, M.; Ahmad, H.; Yaqoob, H.; Bilal, M.; Rahman, A.; Ullah, N.; et al. Size
at sexual maturity estimation for 36 species captured by bottom and mid-water trawls from the marine habitat of Balochistan and
Sindh in the Arabian Sea, Pakistan, using maximum length (Lmax) and logistic (L50) models. Braz. J. Biol. 2022, 84, e262603.
[CrossRef]

115. Ul-Hassan, H.; Mahboob, S.; Masood, Z.; Riaz, M.N.; Rizwan, S.; Al-Misned, F.; Abdel-Aziz, M.; Al-Ghanim, K.A.; Gabol,
K.; Chatta, A.; et al. Biodiversity of commercially important finfish species caught by mid-water and bottom trawls from the
Balochistan and Sindh coasts of Arabian Sea, Pakistan: Threats and conservation strategies. Braz. J. Biol. 2023, 83, e262603.
[CrossRef]

116. Hassan, H.U.; Razzaq, W.; Masood, Z. Elemental composition of three-spot swimming crab Portunus sanguinolentus (Herbst,
1783) shell from the coasts of Sindh and Balochistan Pakistan. Environ. Sci. Pollut. Res. 2022, 29, 25679–25684. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.5620/eaht.2022015
https://doi.org/10.1007/s11356-021-13911-9
https://doi.org/10.1016/j.jhazmat.2020.124028
https://doi.org/10.1016/j.jhazmat.2020.124644
https://doi.org/10.1186/s12989-022-00453-2
https://doi.org/10.1016/j.envint.2022.107199
https://doi.org/10.1016/j.envint.2020.106274
https://doi.org/10.3390/pharmaceutics13070921
https://www.ncbi.nlm.nih.gov/pubmed/34206212
https://doi.org/10.1016/j.scitotenv.2022.159060
https://doi.org/10.3390/ijerph191811593
https://www.ncbi.nlm.nih.gov/pubmed/36141864
https://doi.org/10.3390/polym14132700
https://doi.org/10.3390/toxics11010003
https://www.ncbi.nlm.nih.gov/pubmed/36668729
https://doi.org/10.1590/1519-6984.256817
https://doi.org/10.1590/1519-6984.262603
https://doi.org/10.1590/1519-6984.249211
https://doi.org/10.1007/s11356-021-17627-8

	Introduction 
	Types of MPs (Based on Size, Source, and Shape) 
	Fate and Biotoxicity of MPs 
	Reproductive Toxicity of MPs in Invertebrates 
	Reproductive Toxicity of MPs in Vertebrates 

	Evidence of MPs in Human Tissues 
	Conclusions and Recommendations for Future Directions 
	References

