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Although humans are highly dependent on plastics from
infancy to adolescence, these materials can degrade into
ubiquitous microplastics (MPs) that affect individuals at
every stage of life. However, information on the sources,
mechanisms, detection techniques, and detrimental ef
fects of MPs on children’s health from infancy to adole-
scence is limited. Hence, here we identified and reviewed
original research papers published in 2017-2023 across 11
database categories in PubMed, Google Scholar, Scopus,
and Web of Science to improve our understanding of MPs
with a focus on pediatric well-being. These studies found
that milk and infant formulas are common sources of
MP exposure in infants. Infant formula is the dominant
source of MPs in babies, while plastic toys are a common
source of MPs in toddlers. Adolescents are frequently
exposed to MPs through the consumption of food con-
taminated with MPs and the use of plastics in food pack
aging. Water and air are sources of MP exposure in
children from infancy through adolescence. This study
thoroughly summarized how MP exposure in children
of all ages causes cell damage and leads to adverse health
effects such as cancer. With appropriate authorization
from the relevant authorities, small amounts of human
biological samples (10 g of feces) were collected from
volunteers to assess the amounts of MPs in children with
the aim of promoting pediatric well-being. The samples
were then treated with Fenton's reagent, stored in glass
jars, and filtered through nonplastic filters. Finally, MPs
in children were quantified using stereomicroscopy and
characterized using micro-Fourier transform infrared
spectroscopy.
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Key message

- Milk and formula are common sources of microplastic in
infants.

- Water and air are the most common sources of micropla-
stic pollution from infancy to adolescence.

- Microplastic use by children of all ages can cause cell
damage and affect their health.

- Microplastics present in children can be quantified using
a stereomicroscope and characterized using micro-
Fourier transform infrared spectroscopy.

Introduction

Parents extensively rely on plastic products for child-
rearing purposes.*? During infancy, people use plastic
bed linens, breast pumps, and diapers.>® When disposed
of in the environment, the plastic components of these
materials have the potential to break down into micro-
scopic particles (<5.0 mm), known as microplastics (MPs),
which carry associated risks to both environments.>®
Research on the presence of MPs in the environment and
their impact on human health is gaining traction globally,
particularly among pediatricians and physicians, with
China leading this field (Fig. 1).”1

Over the past 5 years, there has been a considerable
increase in the number of publications on the occurrence
of MPs and their effects on human health (Fig. 2).Y The
presence of MP in different human biological systems
has been reported in a growing number of studies. For
example, MPs have been found in 15 human biological
systems, including the blood, liver, lungs, placenta, kid-
neys, spleen, and sputum.? There are several reasons for
the presence of MPs in the human biological system. For
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Fig. 1. Co-authorship of microplastics in human feces, stool and meconium over the past years (2014-2022).
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Fig. 2. Publications regarding microplastics in human children feces,
stool, and meconium over the past years (2014-2022), with (A) baby
formula being a dominant source of microplastic in (B) babies over
breast milk.

instance, Feng et al.”® showed that MPs may occur in the
biological components of humans from many sources
such as food, drinks, and the air.

According to Schwab et al,'” certain age groups are
more vulnerable to MPs entering the human body via
different paths. For instance, Zhang et al."” reported that
babies are exposed more to MPs than adults using sam-
ples of human excrement from 10 adults and six 1-year-
old infants. However, to the best of our knowledge, no
study has examined the cause and origin of MPs from
infancy through adolescents. Thus, it would be interest
ing to investigate the most likely sources of MPs and
the mechanisms involved in their impact on human

development from infancy to adolescence. Such efforts
will help protect children's health and aid our under-
standing of the differences in MP exposure levels among
age groups.

Not only have researchers recorded and examined the
possible sources of MPs in the human body, but they have
performed some preliminary measures to examine the
possible impacts of MPs on adults.'® One such study
examined how MPs affect the morphology of human-like
organisms (Fig. 3). However, the direct effects of MPs on
the health of infants, children, and adolescents remain
largely unknown. Moreover, despite an increase in stud-
ies on the prevalence and effects of MPs in humans,
established protocols or studies are lacking that outline
the pretreatment and analysis steps for studying MP
occurrence in children’s biological components supplied
voluntarily by babies, toddlers, and adolescents. A tho-
rough assessment of the methods employed is required to
benefit from the study of MPs in children. Therefore, this
study aimed to: (1) review recent studies of the sources
of MPs in infants, babies, and adolescents and their
associated physiological mechanisms; (2) examine the
impact of MPs on the health of children from infancy to
adolescence; and (3) appraise the techniques of human
biological pretreatment and analyze MP identification in
children.
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Fig. 3. Methodical process followed in this study to choose scientific publications from the PubMed, Google Scholar,

Scopus, and Web of Science Databases.

Materials and methods

1. Review procedure

Research articles and peer-reviewed book chapters on
MPs and children's health were identified in PubMed,
Google Scholar, Scopus, and Web of Science (Fig. 3). Only
studies pertaining to MPs and human health were select:
ed using cross-sampling. Chia et al.'” noted that not every
article returned by search engines was guaranteed to meet
a study’s objectives; as such, some articles were excluded
to ensure fair coverage, objectivity, and accessibility.

2. Selection criteria for manuscripts and data sources
Articles published from 2017 to 2023 were selected using
keywords such as “microplastic abundance in infants,”
“microplastics in toddlers,” “microplastics in babies,”
“microplastic effect in youths,” “microplastic abundance
in adults,” “biological sample quantity and microplastics,”
“microplastic effects in infants,” “microplastic impact in
youths,” “biological microplastic sampling technique,”
“biological microplastic sample quantity,” “microplastic
impacts in humans,” “biological microplastic sample pre-
treatment,” and “biological microplastic sample analysis.”
A total of 696 articles, including 4 on MP abundance
in infants, 1 on MPs in toddlers, 5 on MPs in babies, 1 on
MP effects in youth, 148 on MP abundance in adults, 9
on biological sample quantity and MPs, 1 on MP effects

in infants, 1 on MP impact in youth, 14 on biological MP

sample techniques, 4 on biological MP sample quantity,
449 on MP impacts in humans, 2 on biological MP sample
pretreatment, and 57 on biological MP sample analysis,
were selected. Among those 696 publications, reviews,
editorials, corrections, conference abstracts, letters, con-
ference papers, early access articles, and reviews were
eliminated.

All papers underwent a thorough screening process to
ensure their validity and eliminate any copies or modified
versions of the original research publications. Excluded
from the selected papers were studies that did not provide
a clear description of the processes used to gather human
biological samples to evaluate MP. One hundred forty-
three of the 696 papers that were screened were chosen as
primary datasets for the study. The 11 database categories
that contained the articles used in this study were:
“engineering environmental,” “environmental sciences,”
“water resources,” “chemistry analytical,” “microbiology,”
“biochemistry molecular biology,” “ecology,” “toxicology,”
“green sustainable science technology,” “toxicology,” and
“public environmental occupational health.”

” «

Results and discussion

1. Origin of MPs in children at all stages
From birth, babies, especially those under 1 month of
age, rely on the use of plastics for their care and subsis-
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Table 1. Source of microplastics in children from birth to
toddlerhood

Source ?;;:gﬁer};? Country Reference(s)
Formula milk 1.0-11.0 China  Zhangetal.”
Breastmilk storage bags ~ 0.22-0.47 China  Liuetal"
Baby feeding bottles 16,200 Ireland  Lietal®
Baby feeding bottles 53-393 China  Songetal?
Children mask 1.55x10° China  Maetal®?
Surgical mask 415x10° China  Maetal*”?
Bottle water 72.32 China  Lietal.®
Plastic cup 675-5,984 China  Chenetal.®”
Plastic cup 781-4,951 China  Chenetal*®
Plastic cup 838-5,215 China  Chenetal”
Household dust 1,174 China Zhu et al.*y
Airin childcare center 2.25 Australia  Pereraetal.*”
Breast milk 0-2.72 Italy Ragusa et al.*?
Cloths 124-308  Netherlands De Falco et al.'*®
Cloths 21x10°-1.3x10°  Finland  Sillanpaa and
Sainio'"

tence, including feeding bottles and disposable diapers
made of polyester or polyurethane.?” Through infancy (<1
year old) and later toddlerhood (1-2 years old), children are
exposed to additional plastics through the use of toys and
other plastic products at home or in daycare facilities.?
Finally, children use more plastics for several everyday
activities, including drinking from a straw, using phones,
and using toys as they grow and reach adolescence (12-17
years old).?? Therefore, to enhance pediatric well-being
and awareness, it is essential to have a complete and up-
dated understanding of the ways in which children
become exposed to MPs from infancy to adolescence.

1) Origin of MPs in babies, infants, and toddlers

According to recent studies, MPs in babies, infants, and
toddlers originate from various sources (Table 1). Breast
milk and baby formula are the main sources of MP ex
posure in infants and toddlers. Milk is a baby's primary
dietary source until toddlerhood because it offers a good
assortment of well-balanced nutrients that are necessary
for growth and development.*?¥ Infant formula was
developed to supply the nutrients required for infants'
growth and development.?>?® Formula milk can be a
substitute for breast milk.?>?® Breast milk is generally
accepted as the ideal food source during infancy.?3%

Research has shown that breastfed infants have lower
MP exposure levels than formula-fed infants. According
to Liu et al.*¥ and Ragusa et al.*? MPs in infant formula
account for as much as 11 items/g of exposure in infants.
This exceeded the exposure of breastfed infants (2.72
items/g). Breastfed babies are less likely to be exposed to
MPs than formula-fed babies for several reasons. First,
infants and/or toddlers are more susceptible to MP expo-

sure from the materials used in the manufacturing and
packaging of infant formulas than from breast milk.
334 Unlike breast milk, which does not require these
materials before ingestion, items such as the water and
cooking utensils used to prepare infant formulas at
home before feeding may be teeming with MPs.®33% For
example, MPs from the tap water used to dissolve pow-
dered milk contaminate the milk. Kim et al.*” and Li et
al’® asserted that approximately 72.32 items/L MPs con-
taminate home tap water, bottles, and ground water.

Second, the bottles or cups used to administer milk or
water to children are another source of MPs in babies,
infants, and toddlers. The plastic polymers used to make
the majority of baby cups and bottles, such as polypro-
pylene and/or polyethylene, can break down into MPs.*%
As reported by Li et al.3® baby bottles may emit 16,200
MPs/L. For instance, Chen et al.*? revealed that children's
use of plastic cups may be responsible for approximately
781-4,951 particles/L.

Third, babies and young children may come in contact
with MP through masks made of plastic polymers, such
as polypropylene, for medical and pediatric use. If these
masks are exposed to environmental factors, including
heat, moisture, and direct sunlight before or after use,
they may eventually degrade into MPs.**? For instance,
baby masks can discharge 1.55 items/mask into the air,
which babies, infants, and toddlers can breathe in and
internalize.*?

Finally, according to Chia et al.*¥ Another source of MP
exposure is the air in the homes of babies, infants, and
toddlers. In addition to via milk, the most common direct
source of MP in babies, infants, and toddlers, MPs can
enter the bodies of these age groups through airborne
exposure. For instance, Zhu et al.*¥ found that home air
contained approximately 1,174 particles/g, which may
increase children's exposure to MP. Perera et al.*> stated
that the air in childcare centers may have a particle con-
tent of 2.25 ppm.

2) Origin of MPs in adolescence

Many items that adolescents use on a regular basis,
such as phones, meals, snacks, drinks, and personal hy-
giene products, are packaged in plastic. Compared to
other materials, their affordability, ease of use for every-
day tasks, and versatility make them a reasonable option
for financially challenged adolescents. Several recent
studies have demonstrated that adolescents who use these
devices or consume plastic-packaged food or that grown
in MP-contaminated soil may be exposed to MPs (Table 2)
in various ways.

First, teenagers who use plastic food containers and
utensils as well as those who eat food grown in soil conta-

4 Chia RW, et al. Microplastic and human health with focus on pediatric well-being
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Table 2. Sources of microplastics in adolescence

Source Abundance (particles/m3) Country Reference(s)
Airborne 41.1243.99 India, China, Nepal, Bhutan, Bangladesh Napper et al."”?
Airborne in school 1.03 Australia Perera et al.*”
Airborneinrural area 101 China Liao etal.”
Airborne in urban area 224 China Liao et al.*
Air born in office space 1.20 Australia Pereraetal.*”
Airborne 0.016-0.238 United Kingdom Kyriakoudes and Turner.'?
Take-out food containers 3-29 China Duetal.*
Fish consumption 0.63-7.0 Bangladesh Khan etal.”¥
Packaged 4,0-18.7 France Kedzierski et al.*®
Antarctic fish 114 China Zhuetal.>®
Ice cubes (packaged food ice cubes) 19-178 Mexico Shruti et al.”
Food packaging container 12 China Fadare et al."®®
Plastic teabags 8.6-52.3 Canada Hernandez et al.””
Fish 5-56 Korea Park et al.>
Table Salt 9.77 Taiwan Leeetal’®
Crazyfish 0.17-0.92 China Zhang etal.*”
Food packaging container 29-552 China Zhou et al.*®
Food packaging 1.90x10* China Huetal ®
Oyster 3,337 Brazil da Costa et al.”®
Crab 592 China Wu et al.*®
D
‘ E
H
F 5 \
o L

Fig. 4. Sources of microplastics exposure in children from (A) food, such as milk,
meat or vegetables; (B) crayfish and other seafood; (C) breast milk; (D) air; (E)
plastic cups, bottled water; (F) sea salt (G) plastic packaging materials; (H) breast

milk contaminated with microplastics.

minated with MPs can gradually accumulate MP in their
bodies as a result of their decomposition and entry into
the body (Fig. 4).26*”) For instance, extruded polystyrene
and polystyrene food containers have been demonstrated
to entangle food.*® Du et al.*”) revealed that food carried in
plastic takeaway meal packages could be contaminated
with approximately 29 items/g of MPs. Therefore, teens
may be exposed when consuming such food. Zhou et al.>?
revealed that food packaging containers could produce
29-552 items/g of MPs. Therefore, eating food stored in
containers with attached MPs may result in MP ingestion.

Second, adolescents were more likely to be exposed to

MP when eating seafood (Table 2). Studies have indicated
that marine MPs contaminate seafood.»*? According
to Park et al.?¥, each fish can be contaminated with 5-56
MPs. In addition, a single crayfish can contain 0.17-0.92
MPs.>¥ As crayfish are a staple element in many coastal
cuisines (Fig. 4), people living in coastal areas may have
high accumulation of MPs. Consequently, MPs can enter
the bodies of children who consume affected crayfish.
Interestingly, fish from Antarctica reportedly exhibited
higher MP levels.>

Third, teens can be exposed to MP in tap or bottled
drinking water. Cha et al.>® and Chia et al.*” recently re-
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ported that MPs contaminate groundwater, a source of
drinking water in many countries. Thus, drinking ground-
water can expose adolescents to MPs.

Fourth, food cooked with salt-containing MPs is ano-
ther source of MP exposure (Table 2). Teens may consume
MPs via foods that contain MPs and are heavy in salt. For
instance, Lee et al.’® demonstrated that cooking with
table salt can result in the occurrence of 9.77 MPs/kg of
food.

Fifth, air may be a source of MP exposure. Teens may
be unintentionally exposed to atmospheric MPs. For
instance, Perera et al.*9 stated that the air in an office area
alone could contribute to approximately 1.2 particles/m?3
of air. Varying the conditions produced different concen-
trations of MPs. Liao et al.>” reported that the contribu-
tions of MPs from urban and rural air were 224 and 101
particles/m? of air, respectively.

2. Effects of MP exposure on infants’, toddlers’, and adol-

escents’ well-being

Breathing clean air, eating a balanced diet, and drinking
clean water are necessary to maintaining good health in
children and adolescents.®® However, if the food, water,
or air is contaminated, newborns, babies, toddlers, and
teens may be at risk of health issues.®? Experts, notably
medical professionals, are increasingly worried about
the health of children and adolescents pertaining to MP
exposure through food (seafood), water, and air.?¥ A few
studies have demonstrated that the presence of MPs in
the body can lead to toxicity (Table 3).2%¢% The following
mechanisms are related to the toxicity and harmful
effects of MPs in newborns, babies, toddlers, and teens.

First, mitochondrial damage can occur in children and
adolescents with MP accumulation, potentially resulting
in cancer.?®¥ The concept that animal cells exposed to

polystyrene MPs may experience mitochondrial damage,
ultimately resulting in epithelial ovarian cancer tumors
in mice, is supported by a study by Chen et al.® Although
it is unethical to use additional cells to assess the effects
of MPs on human cells, our results may be applicable to
humans.

Second, by altering hepatic metabolites and increasing
serum alanine transaminase (ALT) and aspartate transa-
minase (AST) levels, MP exposure in children and teens
could harm hepatocytes.®®%? When hepatocytes that
normally contain these enzymes are damaged, ALT and
AST are released into the bloodstream.®®%? For example,
Ge et al’™® demonstrated that MPs are hepatotoxic. There-
fore, if MPs are consumed in large amounts, blood tests
that are frequently used to identify liver injury may reveal
elevated ALT levels as a sign of liver damage.

Third, MPs can contribute to oxidative stress in child-
ren and adolescents by creating an imbalance between
the amounts of free radicals and antioxidants in the body.
Xiong et al.”? showed that exposure to polystyrene MPs
may result in oxidative stress in the human body, which
deteriorates kidney function. Moreover, oxidative stress
can harm cells and is associated with kidney disease.”>”

Fourth, research suggests that MPs may become lodg:-
ed in the respiratory tracts of children and teens, causing
inflammation within the respiratory system. For example,
MPs in the human respiratory system can alter cell sur-
vival, trigger the transcription of inflammatory genes, and
alter the expression of cell cycle-associated proteins.”
Stimulation of inflammatory gene transcription by the
respiratory system can result in various respiratory dis-
eases, such as asthma, bronchitis, and chronic obstructive
pulmonary disease. Breathing problems are caused by
inflammation-induced tissue damage, mucus production,
or airway constriction.

Table 3. Microplastic (MP) exposure methods and impacts on mammals during experiments

Targeted organ Experiment method(s) Microplastic effect HIPCEEENG [ EiE] References
type type

Ovaries Exposure to MP through drinking water Accelerate epithelial ovarian cancer tumor Polystyrene Female mice Chen etal.®®)
growth in mice

Lungs Alveolar epithelial A549 cells exposure to Can change the expression of proteins asso- Polystyrene Human cells Xu etal.”

MP ciated with cell cycle

Lungs Human lung epithelial cells exposure to MP  Causes oxidative stress and inflammatory Polystyrene Humancells Yang et al."*”
response in lung epithelial cells.

Kidney Exposed to MPs with 3 different diameters  kidney and induce kidney injury Polystyrene mice Xiong etal.”"

Liver Exposed to MPs through sterile water Causes liver inflammation Polystyrene male Zhao et al.””)

Liver Exposure to MP through distilled water inflammatory and liver damage Polystyrene Male mice Zheng et al.®®

Toxin absorption  Fecal samples Enhance the cytotoxicity of okadaic acid Polystyrene Human Yan etal.®”

Liver Exposure to MP through drinking water Causes liver inflammation Polystyrene Chicken Yinetal.*”

Testicles,embryos  Exposure to MP through sterile water and

commercial food
Testicles Exposure to MP through oral gavage

Testicles Exposure to MP through food

Causes fewer embryos production.
Causes changes in reproduction and fertility mice

Causes testicular inflammation
Decreases sperm quality

Polystyrene Male, female Weietal.”®

Jinetal.®"
|13Z)

Polystyrene Male mice

Polystyrene Male mice Dengeta
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Finally, research has shown that polystyrene MP expo-
sure inrats changes the endocrine system, including levels
of luteinizing hormone and follicle-stimulating hormone,
and contributes to other endocrine system disorders that
potentially affect growth and reproduction.”’® Moreover,
mammalian experiments and reviews have shown that
MPs consist of endocrine-disrupting chemicals such as
bisphenols and phthalates that can disrupt the immune
system.”»”” Therefore, adolescents exposed to MPs may
experience endocrine changes in adulthood. It is diffi-
cult for girls to reach adulthood and create viable eggs
for fertilization if MP exposure causes irregular or non-
existent ovulation. In the absence of ovulation, few or no
viable embryos can form. MPs hinder embryonic growth
and reduce the likelihood of pregnancy. Wei et al.’® ob-
served that mice exposed to polystyrene MPs had a re-
duced conception rate and generated fewer embryos than
their unexposed counterparts.

3. Biological sample collection and pretreatment for MP
analysis in individuals

1) Perquisites to biological MP sample collection

Despite MP exposure in humans, there is currently
no recognized protocol for obtaining biological samples
to detect their presence in children and evaluate the
potential associated health risks. However, to assess the
presence of MPs in children, it is crucial that samples be
taken from children’s waste materials or organs that are
representative of the body. Ethical measures should be
followed during the collection of such samples, which
should be readily available and sufficient to represent the
sources of MPs in children.”

First, to ascertain the presence of MPs in the bodies
of children, it is imperative that samples be obtained
ethically from willing participants. This recommended
strategy has been extensively reported in studies that
collected specimens from adult participants to inves-
tigate the occurrence of MPs. For example, Schwabl et
al.¥ conducted a study of the occurrence of MPs in adults
from Tokyo, Japan, Russia, the Netherlands, the United
Kingdom, Italy, Poland, Finland, and Vienna for which 8
people aged 33-65 years volunteered to provide fresh fecal
samples.

Second, before samples were collected from children,
parents were administered a questionnaire. The survey
responses will aid our understanding of the lifestyles
of children and their parents and the sources of MPs in
children. For instance, in the study by Yan et al.8% Prior
to collecting fecal samples from the study volunteers to
examine the presence of MPs in adults, each participant
completed a 5-minute questionnaire on their living situa-

tion, work status, and eating and drinking habits during
the past year.

Third, the researchers must obtain ethical approval
from the relevant authorities in each country. For ex
ample, a study of young men’s feces conducted in China
was approved by the Peking University Institutional
Review Committee. Researchers should seek a review
of the measurement method standards and follow-up
method ethics from their respective institutional review
boards.®?

2) Sample quantity required for MP analysis in children

To study MP occurrence in children, the number of
specimens required varies depending on the age range of
the intended participants, study objective, and laboratory
apparatus used to detect them. It is advisable to collect
very small numbers of specimens to reduce or eliminate
any potential risks. For instance, to study the occurrence
of MP in newborns, only approximately 50 g of placenta
can be collected 10 min after delivery from the new
mother and stored in a glass or metal box for subsequent
analysis (Table 4).8? In addition, approximately 10 mL of
blood and 10 g of fecal samples can be collected to study
the occurrence of MPs in children (Table 4). The bulk of
current research on MPs and health reports state that
feces, as opposed to organs such as the blood, liver, or
placenta, are collected for MP examinations (Table 4). This
may be explained by the fact that stool sample collection
is easy and features a low risk of MP exposure; moreovet,
no bodily incisions are required to collect waste samples.

4. Specimen storage

Prior to being prepped for MP analysis, collected spe-
cimens can be kept in glass containers (Table 4). For
instance, according to Leslie et al.®¥ and Yang et al, ¥
blood was drawn and stored in glass bottles before the
analysis of MPs in blood samples. Furthermore, Yan et
al®® and Zhang et al."¥ stool samples collected for MPs
analysis were stored in glass containers. Chia et al.*® and
Cha et al.?”) suggested that eliminating the use of plastic
containers could reduce the risk of MP exposure via
equipment contaminating samples. So, samples should
be kept in nonplastic containers at -20°C to -80°C8:%9) to
inhibit the growth of bacteria or fungi and acceleration of
MP degradation.

5. Sample pretreatment

The collected specimens (e.g., 5.0 g of feces) were dried
in the laboratory for 50-240 minutes at 30°C-50°C.5” The
mixture was then placed in a 1-L glass beaker containing
30% H,0; or another digestive agent (Table 4). This dige-
sting agent is used to eliminate organic molecules in the
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Table 4. Methods of microplastic analysis in humans

QUi DETELS) Digestion of organic
Sample collected Storage method separation 9 9 Instrument for analysis Reference(s)
matter
(9) method
Human Feces NM Brown glass Bottles NM Fenton’s reagent, nitric Raman spectra Yan et al.®?
acid
Feces >25 Sterile glass fecal collector  NM H202 FTIR Zhang et al.®"
Feces 1-5 Sterile wide-neck glass con- NM Fenton’s reagent Micro-Raman spectrometer Yanetal.®
tainers
Humanfeces  10.0 Glass bottles NM NM FTIR Schwabl et al.™
(adults)
Meconium NM Glass vials placed in the NM Nitric acid Agilent 8700 laser infrared imaging Liu etal.*®
(baby feces) -80°C freezer spectrometer (LDIR)
Meconium NM NM NM H202 FTIR Braun etal.””
Placenta 23357 Glass bottles stored at -20 NM 10% KOH pRaman microscope Ragusa etal.””
°C
Placenta NM Clean glass bottles and stor- Centrifuge 10% KOH An LD-IR chemical imaging system Zhu et al.**
edat-20°C (120 rpm) (8700 LD-IR, Agilent Technologies,
USA)
Placenta 250 Stored in glass bottles with NM 10% KOH pRaman microscope Amereh et al.®?
metal lids at-20°C
Placenta 50 Polyethylene tubes and NM 10% KOH solution pRaman microscope Weingrill et al.”®
stored at-80 °C freezer
Urine 200 NM Sodium chloride H202 pRaman microscope Barnett et al.”®®
Urine NM NM NM 10% KOH solution pRaman microscope Pironti et al.””
Liver 0.7to7.1 Glassjars NM 10% KOH and sodium pRaman microscope Horvatits et al."*®
hypochlorite
Blood 5mL Glass bottles Centrifuge 30% H202 LDIR chemical imaging system Yang etal.?¥
(120 rpm)
Blood 10 mL Glass heparinized vacutai- NM 100 pL of the proteinase A multishot pyrolysis unit EGA/PY- Leslie et al.®¥
ner tubes andTmLof5mMCaCz  3030D (Frontier Laboratories, Sai-
kon, Japan) in “double shot” mode
Semen NM Glass box NM 10% KOH XploRA Nano Raman Microspectro- Montano et al.”*?

meter

FTIR, Fourier transform infrared; KOH, potassium hydrate; NM, not measured.

sample that could be misinterpreted as MPs. Chia et al.??
reported that H,0O; is the most effective digestive agent
for the decomposition of organic molecules. The digested
beaker was submerged in an ice-water bath to prevent
high temperatures caused by H,0,, which may damage
the MPs.%

Although H,0; is the most effective agent for digesting
organic molecules, most studies on the occurrence of MPs
in humans recommend the use of Fenton's reagent, which
is a mixture of H,O; and Fe?* (Table 4).89 Fenton's reagents
can more accurately target specific chemical components
in complex matrices such as human specimens, thus
minimizing interference from other compounds present
in the sample.”V

6. Sample filtration

Prior to the analysis, sample filtering was performed
after the specimens collected from the children were
prepared, impurities were sorted and removed, and any
organic contaminants that may have been confused
with MPs during the analysis were chemically digested.
A filter paper with a sufficiently large pore diameter was

used to collect the minimum MP particle size required
during filtering. Furthermore, the samples were not con-
taminated by the filters.?¢? To prevent MP contamination
or misidentification, nonplastic filters such as glass or
gold filters should be used, whereas plastic, paper, and
cellulose fiber filters should be avoided.®**® Each ex
periment was conducted in a laminar-flow hood to pre-
vent contamination.’*%>

7. Visualization and quantification of biological MP sam-

ple from filters

Once the specimens were filtered to separate them from
the solute matrix, the MPs were assessed using the filter
membranes employed in the filtration procedure. First,
research has indicated that MPs in human specimens
(>50 um) removed from the filters may be visualized with
optical instruments such as a microscope. For example,
to examine the occurrence of MPs in stool samples, a
microscope was used to visually analyze the filter paper
following MP pretreatment.8?

Second, MP characteristics can be evaluated using
Fourier transform infrared (FTIR) spectroscopy because
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of its low error rate and increased dependability.?®*?
Nonetheless, the most recent study indicated that MPs
can be detected using Raman microscopy instead of FTIR
(Table 4). This may be partly because the sample pre-
paration is less demanding for the former than the latter.
Moreover, it may be necessary to take extra precautions
when using FTIR to ensure that the sample is transparent
to infrared light. It is also possible to investigate opaque
materials with minimal preparation using Raman spec-
troscopy.8%°%)

8. Methods of evaluating MPs in large human popula-
tions

1) Proxy markers of human MP exposure

According to Li et al*® epidemiological studies are an
effective way to assess and correlate the effects of MP
exposure in humans. However, only a few epidemiolo-
gical studies have focused on MP exposure and human
health. The need for a comprehensive and in-depth data
collection process makes it difficult to study MP exposure
in large populations. However, the use of proxy markers
can solve this problem by offering indirect measurements
that can indicate MP exposure with poorer resolution
but better feasibility for large-scale investigations. In
the context of human MP exposure, proxy markers may
include the following.

(1) Biomarkers for measuring MPs exposure

Biomarkers used as proxy markers to study human
exposure to MPs include certain chemicals or particles
detected in biological samples, such as blood or urine,
that are associated with MP exposure.5>1°%19 [t is worth
noting that urine samples can produce more meaningful
results than blood samples. Hence, urine biomarkers
are preferred.°>1%9 According to Menzel et al.,'* a good
biomarker should have a suitable half-life, be stable, not
be affected by conditions during collection or storage,
and be measurable using noninvasive or minimally in-
vasive methods. For example, elevated levels of bisphenol
A, a common plastic additive, have been used as a proxy
marker for plastic exposure.®>1°? Analytical methods
such as mass spectrometry and chromatography can be
employed to identify these biomarkers; despite some limi-

tations in specificity, they still provide valuable insights.
83,108-110)

(2) Environmental indicators for measuring MPs ex
posure

Proxy markers classified as environmental indicators
include measuring MP levels in environmental matrices,
such as water, soil, air, and food, to infer human expo-

sure to MPs.?? For instance, to measure MP levels in
environmental matrices, such as water, it is recommend-
ed that approximately 300-500 groundwater samples be
collected from each sampling site and sent to a laboratory
for analysis.>® It is worth noting that MP levels in food
can be measured indirectly by quantifying the MP levels
of the soil where the food is grown, as MPs in the soil
eventually enter crops during harvesting. Soil samples
as small as 15.0 g were collected to infer the MP levels in
the soil environmental matrix.’® Other studies reported
that human exposure to MPs in an environmental matrix
can be evaluated through modeling."*!"? For example,
the presence of MPs in drinking water sources can
serve as an indicator of their potential ingestion by the
population.'319

(3) Behavioral indicators for quantifying MPs exposure

KA Surveys that capture dietary habits, the use of plastic
products, and residences in MP-polluted areas can help
estimate human MP exposure levels.">"® For example,
Kai et al."” requested that each participant complete a
5-min questionnaire about their eating and drinking
habits, living habits, and working situations from the
previous year to measure the level of human exposure to
MPs.

In the study by Zhang et al!"® each participant was
given questionnaires to track their food and water intake
every 24 hours over 1-2 weeks to assess their MP exposure
levels. Such behavioral data, when linked to MP exposure,
could provide a practical data collection approach for
large epidemiological studies.

Overall, the integration of proxy markers in epidemiolo-
gical research offers a practical, cost-effective, and feasi-
ble approach to assessing MP exposure across large
populations. This methodology both enhances feasibility
and provides a more comprehensive understanding and
monitoring of MP exposure in human health studies.

Conclusion and future perspectives

Owing to the heavy reliance on plastics for daily life, MP
occurrence rates in children are constantly increasing.
This study investigated the frequency of MP exposure in
infants, toddlers, and adolescents. Food, air quality, and
use of plastic devices are possible causes of MP exposure
in children. However, this study demonstrated that the
incidence of MPs in children varied among age groups.
For example, the main sources of MP exposure are milk
in infants, plastic toys in toddlers, and seafood in teens. In
all age groups, the most common sources of MP exposure
were water and air. This study examined how MP ex
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posure in newborns, children, and teens could damage
cellular components (such as mitochondria), leading to
health problems (including liver damage and cancer).
This study also showed that, to evaluate MP quantity in
children with the goal of promoting pediatric well-being,
human specimens should be frequently obtained from
volunteers with permission from relevant authorities. The
samples were then subjected to the Fenton process and
stored in glass jars. Finally, although this study adds to
the field's understanding of the subject, further research
is required to address the gaps in our understanding of
pediatric well-being and MP pollution in children. The
following future studies are required:

(1) Long-term health effects of MP exposure in children
are not well understood. Further research is required to
assess the cumulative effects over time.

(2) Further research is required to ensure that MPs in
infants, toddlers, and teens are measured holistically
from various sources including hospitals and post-hos:
pital indoor care facilities, textiles, disposable diapers,
wet baby wipes, and personal care products. It would be
interesting for research to demonstrate the extent to
which these sources affect children's bodies. We were
unable to find any relevant studies published to date.

(3) Studies on the long-term health effects of MP ex
posure in children remain in their infancy. Further
investigations are required to fully understand the toxi-
city and inflammation associated with MP ingestion.

(4) To the best of our knowledge, no studies to date have
examined the mitigation of MP in children. Future stud-
ies on this subject will be fascinating and aid our under-
standing of MP exposure in young people.

(5) Several studies have demonstrated that polyether-
sulfone and polyphenylsulfone are the most prevalent
forms of MPs in the environment. To the best of our
knowledge, the effects of polyethersulfone and poly-
phenylsulfone on the human body should be examined as
most studies to date have evaluated the effects of MPs on
the body using polyphenylsulfone only.

(6) To our knowledge, the field of carcinogenesis is the
most sophisticated method for evaluating the effects of
substances on human health. It is important to note that
the International Agency for Research on Cancer bases
its evidence framework in this area of carcinogenesis
on 3 main pillars: (i) human epidemiologic evidence, (ii)
animal experimental evidence, and (iii) cellular research

mechanisms. However, epidemiological data are scarce,
and the majority of research to date, based on animal and
cell experiments, supports the idea that MP exposure may
be dangerous. Further research is required to address this
knowledge gap.

(7) Marfella et al." recently showed that MPs can induce
vascular damage, a major mechanism of cardiovascular
disease in elderly individuals. Therefore, further studies
are required to verify whether this is applicable to
children.
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