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Abstract: Microplastics (MPs) production and degradation are becoming a global concern. 
They accumulate across diverse environments, animals, and human tissues, closely linking 
to emerging environmental health impacts. In the Brazilian population, no evidence yet 
of accumulation in pregnant women’s placenta or umbilical cord. In this pilot cross-
sectional, observational study, we analyzed the presence, size, and composition of MPs 
isolated from placentas (n=10) and umbilical cords (n=10) from Maceio pregnant women. 
Under a plastic-controlled protocol, samples were digested with 10% KOH solution, 
glass-filtered, and retained particles were then analyzed by Raman spectroscopy. A total 
of 229 MPs were identified across all samples, including 110 in placental tissues and 119 
in umbilical cord tissues. The predominant polymers were polyethylene (PE), polyamide 
(PA), polyethylene vinyl acetate (PEVA), polyurethane (PU), and polypropylene (PP). Our 
results demonstrated for the first time the accumulation of MPs in the placentas and 
umbilical cords of Brazilian pregnant women. This accumulation suggests that pregnant 
women in Maceio, Brazil, are likely experiencing microplastic (MP) exposure similar to 
global trends, emphasizing the importance of studying the mechanisms that facilitate 
the transport of MPs and related chemicals across the placental barrier. 
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INTRODUCTION
In 2022, global plastic production reached an 
astonishing 400.2 million tons (Europe 2023), 
with a substantial portion of plastic waste 
remaining unrecycled worldwide (Croxatto Vega 
et al. 2021, Europe 2023). This rising production, 
coupled with inadequate waste management, 
is a primary contributor to plastic pollution, 
resulting in serious environmental effects and 
potentially affecting human health. Microplastics 
(MPs) are defined as plastic particles of 1 µm and 
5 mm that can originate from direct industrial 
production (primary MPs) or the breakdown of 
larger plastic items, secondary MPs (Andrady 

2017). Secondary MPs are generated when plastic 
waste is exposed to UV light, heat and abrasion 
and is fragmented into smaller particles which 
can now accumulate across diverse organisms, 
including humans (Corradini et al. 2019, Medina 
Faull et al. 2024, Weber & Bigalke 2022, Huerta 
Lwanga et al. 2017, Alma et al. 2023, Curl et al. 
2024, Bayo et al. 2021, Beriot et al. 2021, Kim et 
al. 2023, Lee et al. 2023). With their pervasive 
presence, MPs have become ubiquitous in the 
environment (Zolotova et al. 2022, Azeem et al. 
2021), underscoring the urgent need for extensive 
research and effective management strategies 
to minimize their impact on ecosystems and 
human health. The primary pathways for human 
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exposure include inhalation, ingestion (such 
as seafood and processed foods), and use of 
cosmetics (containing microbeads) and textiles 
(releasing microfibers) (Matavos-Aramyan 2024, 
Thompson et al. 2024). While recent data shows 
an increase in MP exposure, comprehensive 
analysis of their accumulation, cellular and 
molecular effects, and health risks is still 
needed. Numerous studies have detected MPs 
in human samples, showing elimination from 
the body via urine or stool (Pironti et al. 2022, 
Hasanah et al. 2024, Braun et al. 2021, Liu et al. 
2023a). Nevertheless, not all MPs are eliminated, 
some of them bioaccumulating in various 
tissues or organs (Jenner et al. 2022, Horvatits et 
al. 2022, Cetin et al. 2023, Guo et al. 2024, Amato-
Lourenco et al. 2024, Zhao et al. 2023) and bodily 
fluids (Abbasi & Turner 2021, Huang et al. 2022, 
Sartorelli et al. 2020, Leslie et al. 2022, Ragusa 
et al. 2022b, Montano et al. 2023). In the female 
reproductive system, MPs were found in ovarian 
ectopic cysts and Fallopian tubes (Dong et al. 
2024), endometrium (Sun et al. 2024a), amniotic 
fluid (Halfar et al. 2023), ovarian follicular fluid 
(Montano et al. 2024), umbilical cord blood (Sun 
et al. 2024b), and the placenta (Ragusa et al. 
2021) (Supplementary Material - Figure S1).

Regarding the placenta, populational studies 
have been published in countries such as Italy 
(Ragusa et al. 2021), Germany (Braun et al. 2021), 
Czechia (Halfar et al. 2023), China (Liu et al. 2022, 
2023b, Sun et al. 2024b), Iran (Amereh et al. 2022), 
USA (Weingrill et al. 2023, Garcia et al. 2024), and 
Canada (Zurub et al. 2024), where a correlation 
between the country, geographical factors, and 
the presence of MPs, including size and polymer 
types have been observed. However, there are no 
reports of MP accumulation in Brazil nor Latin-
American pregnant women. Herein, we aimed to 
investigate the presence of MPs in placentas and 
umbilical cords from Brazilian pregnancies from 

the State of Alagoas, providing the first evidence 
of MPs accumulation in such population. 

MATERIALS AND METHODS
Sample collection
This pilot study is a cross-sectional, descriptive 
observational investigation focusing on term 
placentas and umbilical cords from the same 
participants. The study cohort comprised 10 
participants blindly and randomly selected 
from a bigger study comprising 65 participants 
(average age: 26.7 ± 5.1 years; 38.3 ± 1.1 weeks of 
gestation). They were provided with informed 
consent terms and underwent either cesarean 
section or vaginal delivery. Ethical approval 
for research involving human subjects was 
obtained from the Ethics Committee (CAAE 
58129422.3.0000.5013). Sampling was conducted 
at Hospital Universitário Professor Alberto 
Antunes (HUPAA) of the Federal University of 
Alagoas (UFAL) between June and October of 
2023. Exclusion criteria included autoimmune 
and genetic conditions, as well as maternal 
age under 18 years old. All the procedures 
were performed using plastic-free protocols, as 
previously published by our group (Weingrill et 
al. 2023).

Collection and digestion of the samples 
After delivery, placental and umbilical cord 
tissues were placed in glass containers with 
stainless steel lids before being transported 
to the research laboratory for processing. 
Each placental tissue sample was dissected 
from the amniochorionic membrane and the 
basal decidua, and weighed to achieve 50 g. 
Subsequently, the samples were thoroughly 
rinsed with glass-filtered Milli-Q water and 
immediately immersed in a lidded glass bottle 
containing glass-filtered 10% KOH solution (1:9; 
w/v), for one week at room temperature to ensure 
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complete digestion of all the organic tissue 
matter (Weingrill et al. 2023). After digestion, 
samples were filtered through glass fiber filters 
with 1.6 μm pores (Whatman GF/A, Sigma-Aldrich, 
St. Louis, MO, USA), washed with glass-filtered PBS 
and Milli-Q water to remove KOH, air dried, and 
stored in small metal containers for subsequent 
Micro-Raman spectroscopy analysis. For each 
batch of samples, different control (blank) filters 
were prepared: two exposed to Milli-Q and PBS 
used to rinse the samples, one exposed only to 
the KOH solution, and a dry control exposed to 
air and storage in the same conditions.

Analysis of microplastics by Micro-Raman 
spectroscopy 
Filtered particles were first photographed 
by optical microscopy using a 100 x objective 
(Olympus IR, USA). Selected particles were then 
submitted to spectral acquisition using Raman 
spectroscopy (XploRA Raman spectrometer; 
a  spectral range of 200–3200 cm−1, 532 nm 
laser diode, 600 lines per mm grating, Horiba, 
Japan). To standardize the area to be analyzed, 
a 4 cm² square was used, and each particle’s 
Raman spectra were acquired in 10 cycles of 
5 seconds each. Finally, spectral analysis and 
particle characterization were conducted using 
the KnowItAll software (Wiley Science Solutions, 
Hoboken, NJ, USA), along with the SLOPP/SLOPPe 
free microplastic libraries.

Statistical Analysis 
The results were tabulated, and data analysis 
was performed using GraphPad Prism (version 
7.0; GraphPadSoftware, Inc. Boston, MA, USA). To 
determine the normal distribution of all data, 
the Shapiro–Wilk test was performed. Mann-
Whitney test was used for MPs size comparison 
between organs. Paired t-test was used for the 
analysis of the concentration of MPs in 50 g of 
tissue. One-way ANOVA with Bonferroni was 

performed to compare differences in polymer 
types and sizes. All the statistical analyses were 
performed with p < 0.05 considered statistically 
significant.

RESULTS
Demographics of pregnant women in Alagoas
Term placentas and umbilical cords were 
obtained from a cohort of 10 pregnant women, 
with overall characteristics described in Table I. 
All the participants are part of underrepresented 
minority communities and have clinical records 
of one or more pregnancies. The delivery 
methods included both vaginal and cesarean 
sections and fetal clinical data revealed an 
average birth weight of 3,210 ± 0,642 g (mean 
± SEM), with no fetal malformations. All infants 
had APGAR scores ranging between 8 and 9 at 
both 1 and 5 minutes. 

Microplastic Accumulation in placental and 
umbilical cord tissue
All the analyzed placenta (n=10) and umbilical 
cord (n=10) had microplastic particles detected, 
totaling 229 MPs particles. Of those, 110 were 
found in placental tissues, and 119 in umbilical 
cord tissues. MPs size in placental tissue was 11.98 
± 0.85 μm (mean ± SEM), with a range of 2.22 to 
48.74 μm, while in umbilical cords, MPs size was 
13.26 ± 0.8 μm (mean ± SEM), with a range of 1.64 
to 52.6 μm (Figure 1a). No statistical differences 
have been found in MPs size comparing 
placentas and umbilical cords (p = 0.0965). 
Regarding the concentration in the tissues, we 
have not found statistical differences among the 
groups (p = 0.0617; Figure 1b), where placentas 
had 13.75 ± 1.44 MPs/50g of tissue, and umbilical 
cords had 26.67 ± 7.404 MPs/50g tissue. When 
analyzed individually, 8 out of 10 participants 
showed a higher concentration of MPs per 50 g 
in umbilical cord tissue compared to placental 
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tissue (Figure 1c). This finding raises a significant 
concern, indicating that MPs are likely crossing 
the placenta and reaching the developing 
fetus during pregnancy. Notably, of all control 
samples, only 13 MPs were detected in two air-
exposed controls. These MPs were identified 
as polyvinyl sulfonic acid (PVSA), polyethylene 
co-propylene (PE-co-PP), polyamide (PA), 
polyethylene (PE), polyethylene vinyl acetate 
(PEVA), and polyurethane (PU). Importantly, most 
of these MPs did not match those identified in 
the corresponding analyzed samples, and those 
that did were excluded from further analysis. 
These findings suggest that the MPs observed 
in the controls likely originated from airborne 
sources during sample handling, emphasizing 
the importance of including controls, as even 
minimal MP contamination can result from air 
deposition despite strict plastic-free protocols.

Characterization of the microplastic polymer 
composition by Micro-Raman Spectroscopy
Microplastic particles had their polymer 
composition and associated chemicals 
characterized by Micro-Raman spectroscopy. In 
placental tissue, from the 110 MPs identified, 
polyethylene was the most frequent (29 PE-
MPs, 26.36%), followed by polyurethane (19 PU-
MPs; 17.27%), polyamide (17 PA-MPs; 15.45%), 
polyethylene vinyl acetate (13 PEVA-MPs; 
11.82%), polypropylene (13 PP-MPs; 11.82%), and 
polystyrene (8 PS-MPs; 7.27%). Small frequencies 
were found for polyester (PES), polysulfone 
(PSU), and polyvinyl methyl ether (PVME), only 
in 2 MPs each (1.82%), while polycarbonate (PC), 
polymethyl methacrylate (PMMA), and mixtures 
of PS-co-polyvinyl chloride (PVC), PE with 
polyvinyl phosphate (PVP), and polypropylene 

Table I. Demographics and clinical data of pregnant women from Maceio, Brazil.

Sample 
number

Age 
(years)

Level of 
education

Gestational 
time (weeks 

and days)

Previous 
pregnancies 

(deliveries and 
abortions)

Delivery 
type

Maternal 
conditions 

and pregnancy 
complications

Maternal 
BMI

Fetal 
sex

Fetal 
weight 

(g)

Placental 
weight (g)

Estimation 
of the total 
amount of 
placental 

MPs (based 
on MPs/50 g 

tissue)

1 20
Elementary 

school
38w5d 2 (D2+A0) Vaginal

Urinary tract 
infection

30 Female 3,430 783 293.62 MPs

2 28
Elementary 

school
40w1d 2 (D2+A0) C-section

Urinary tract 
infection

25.5 Female 3,812 673 84.12 MPs

3 24 High school 38w6d 2 (D1+A0) Vaginal None 19.8 Male 2,850 427 138.77 MPs

4 30
Elementary 

school
39w 2 (D0+A2) Vaginal None 29 Male 3,120 616 231 MPs

5 21
Elementary 

school
39w2d 0 (D0+A0) Vaginal None 31.6 Female 3,236 533 159.9 MPs

6 28
Elementary 

school
38w 3 (D2+A1) C-section None 20.5 Male 2,538 309 100.42 MPs

7 25
Elementary 

school
38w 1 (D1+A0) Vaginal

Urinary tract 
infection

28.9 Female 3,220 555 166.5 MPs

8 36
College 

education
34w4d 2 (D1+A1) C-section

Gestational 
diabetes

37.9 Male 3,306 611 106.92 MPs

9 32
Elementary 

school
40w1d 1 (D1+A0) C-section

Chronic arterial 
hypertension

31.6 Male 3,414 518 77.7 MPs

10 23
Elementary 

school
39w6d 2 (D2+A0) Vaginal

Iron deficiency 
anemia

20.5 Female 3,260 698 209.4 MPs
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with polyethylene (PP with PE) were found only 
in 1 MP each (0.91%) (Figure 2a).

In addition, umbilical cord tissue had 
a similar polymer distribution when compared 
with the placental group, with small changes 
in their frequencies. Of the 119 MPs found in 
umbilical cords, the most frequent polymer 
remained the PE (37 MPs; 31.09%), followed by 
PA (30 MPs; 25.21%), PEVA (16 MPs; 13.44%), PP (10 
MPs; 8.4%), PU (8 MPs; 6.72%), PES (6 MPs; 5.04%), 
and PP with PE mixtures (4 MPs; 3.36%). Lower 
frequencies were observed for PS, PE with PVP, 
and PC, with 2 MPs each (1.68%); and PSU, and 
PVC with 1 MP each (0.84%) (Figure 2a).

The next step was to analyze if there were 
differences regarding polymer types and MPs 
size, with no statistical changes being found (p = 
0.278) (Figure 2b). Further analysis was performed 
to identify differences in MPs color and shape 
(Table SI). A higher prevalence of irregular MPs 
was observed in comparison to spherical MPs 
(p < 0.001, Figure 3a). No other morphologies 
were detected, and no changes were observed 
comparing the MP number of a particular 
morphology between placentas and umbilical 
cords (Figure 3a). Regarding MPs color, they were 
majorly transparent MPs (174; 76%), followed by 
white (23 MPs; 10.04%), brown, (10 MPs; 4.37%), 

red (10 MPs; 4.37%), yellow (8 MPs; 3.5%), grey (7 
MPs; 3.06%), black (2 MPs; 0.87%), and blue (1 MP; 
0.44%) (Figure 3b). Nonetheless, it is important 
to highlight that several transparent MPs had a 
faint color or just a small colored part, but we 
characterized all of them as transparent since 
these colors were not as visible for us to identify 
without any doubt their true color. Also, some 
chemical additives were found to be associated 
with 84 of the MPs characterized (36.68%), with 
the most common being methyl formcel (11 MPs; 
4.8%), and polymethacrylic acid (6 MPs; 2.62%), 
while others were found in less than 5 MPs (full 
list in Table SI). Additionally, the most frequent 
MPs found in our samples of placentas (PE, 
PA, and PU) and umbilical cords (PE, PEVA, and 
PA) are shown in photomicrography with their 
respective Raman spectra (Figure 4).

DISCUSSION
Microplastics are prevalent environmental 
pollutants, varying in size, polymer makeup, 
and cytotoxicity that may contain, absorb and 
transport harmful chemicals like bisphenols 
and phthalates (Osman et al. 2023). While recent 
reports have demonstrated the presence of MPs 
in placental tissue across various populations, 

Figure 1. Size and concentration of MPs accumulated in placentas and umbilical cords. (a) Whisker-box plot 
showing the maximum length (μm) of the MPs from samples. Mann-Whitney test, mean ± SEM. (b) Number of 
MP particles in each of the 50 g of placenta or umbilical cord samples, Paired t test, mean ± SEM. (c) Correlation 
between the number of MPs in each of the samples from the same participants.
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the present study is the first to report MP 
accumulation in placentas of pregnant women 
in Brazil. Additionally, our study is the first to 
match placental and umbilical cord tissues, 
investigating the ability of MPs to cross the 
placental barrier and accumulate in the 
umbilical cord. Although the small number 
of participants is a current limitation, several 
studies investigating the MPs accumulation 
in human tissues, had a similar or even lower 
number of participants (Braun et al. 2021, 
Weingrill et al. 2023, Ragusa et al. 2021, Garcia 
et al. 2024). This can be explained by the time-
consuming and laborious process of identifying 

MP particles by Micro-Raman spectroscopy. 
Nevertheless, Raman spectroscopy remains one 
of the most detailed techniques to characterize 
MPs polymer composition and their associated 
chemicals, supported by its high spatial 
resolution (down to 1.0 μm), extensive spectral 
coverage, sensitivity to non-polar functional 
groups, as well as being non-intrusive and 
requiring small sample amounts with minimal 
preparation (Araujo et al. 2018, Ribeiro-Claro et 
al. 2017, Mariano et al. 2021, Shim et al. 2017).

Moreover, the investigation of the levels 
of MPs accumulation in placentas and 
umbilical cords in Latin America are essential 

Figure 2. Polymer 
identification by Micro-
Raman spectroscopy. (a) 
Polymers frequency in 
placentas and umbilical 
cords: Polyethylene 
(PE), polyamide (PA), 
polyethylene vinyl acetate 
(PEVA), polyurethane 
(PU), polypropylene (PP), 
polystyrene (PS), polyester 
(PES), polyethylene-
co-polypropylene (PE 
with PP); polysulfone 
(PSU); polyethylene 
and polyethylene and 
polyvinyl (PE with PVP); 
polycarbonate (PC), 
Polyvinyl Methyl Ether 
(PVME); Polymethyl 
Methacrylate (PMMA); 
polyvinyl chloride (PVC); 
Polystyrene-co-polyvinyl 
chloride (PS with PVC). (b) 
Polymers size comparison. 
One-way ANOVA with 
Bonferroni, mean ± SEM.
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to understand the regional contamination of 
its countries, such as Brazil. Brazil hast vast 
coastal areas, agricultural areas, the continued 
development of industrial parks, and the lack 
of appropriate waste management, which 
could be potential risks to MPs contamination 
(Oceana 2024). Published studies on placental 
MPs were produced in socio-demographically 
distinct populations, with different diet habits 
and exposure levels to pollutants, although all 
localized in the North Hemisphere (Weingrill 
et al. 2023, Garcia et al. 2024, Zurub et al. 2024, 
Ragusa et al. 2022a, Amereh et al. 2022, Halfar et 
al. 2023, Braun et al. 2021, Liu et al. 2023a, Zhu 
et al. 2023, Sun et al. 2024b, Zuri et al. 2023). As 
such, we have assessed the MP accumulation in 
ten pregnant women from Maceio, the capital 
of the Alagoas state in Brazil, which has a 
lower human development index (HDI), and a 
significant amount of underrepresented minority 
communities. Localized near the Equator line, 
on the Northeast Atlantic coast of Brazil, Maceio 
has a rich seafarer culture, where fish, mussels, 
and crabs, are commonly consumed by the 
population (Santos et al. 2023). Maceio struggles 
with environmental pollution, as 75% of the 
waste found in coastal areas is of plastic origin 
(Andrades et al. 2020). Environmental studies 
have also detected concerning levels of heavy 

metal pollution in local waters and farmed 
mussels, with similar concentrations found in 
the blood of nearby residents (Santos et al. 
2021). A study of dietary habits in Maceio showed 
significantly higher consumption of ultra-
processed foods compared to natural products 
(Almeida et al. 2024). This trend has population 
health implications, as ultra-processed foods 
are often faster, cheaper, and more accessible 
to underrepresented communities (de Medeiros 
et al. 2024). Interestingly, packaging from ultra-
processed foods was the most common waste 
type found in a large-scale study of plastic 
waste along Brazil’s coasts (Andrades et al. 
2020). Furthermore, due to insufficiently treated 
tap water, many residents rely on bottled water, 
often transported on bikes, motorcycles, or open 
trucks. This exposes the containers to intense 
UV radiation, which accelerates the release of 
MPs and chemical additives into the water (Hou 
et al. 2021).

These factors likely contribute to the 
high levels of MP exposure among Maceio’s 
population, as reflected in our findings: all 
examined placentas and umbilical cords 
contained significant amounts of MPs. In 
Hawai’i, USA, 60% of placentas sampled in 2006 
contained MPs, whereas 100% of those sampled 
in 2021 did, highlighting the increase in placental 

Figure 3. Microplastics shape and color. (A) Structural differences among MPs in placentas and umbilical cords 
show a higher number of irregular MPs in comparison to spherical MPs, Two-way ANOVA with Bonferroni, mean ± 
SEM, p < 0.001. (B) Frequency of colored MPs.
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exposure alongside rising global plastic 
production and pollution (Weingrill et al. 2023, 
Thompson et al. 2024). Among the 2021 samples 
from Hawai’i, MP particle sizes ranged from 1 to 
44 μm, with an average size of 5.14 μm (Weingrill 
et al. 2023), comparable to an Italian study 
reporting MPs between 5 and 10 μm (Ragusa et 

al. 2021, Amereh et al. 2022). Other research has 
identified larger MPs, between 20 and 50 μm 
(Halfar et al. 2023, Liu et al. 2023a, b), with some 
studies detecting MPs over 50 μm (Braun et al. 
2021, Zurub et al. 2024, Zhu et al. 2023, Halfar 
et al. 2023). It is essential to interpret these 
comparisons cautiously, as different methods 

Figure 4. Micro-Raman Spectral analysis of selected MPs from placentas and umbilical cords (A) Polyethylene with 
Plurafac- A-39 Prill (9th MP from the placenta of participant number 3). (B) Polyamide (4th MP from the placenta 
of participant number 8). (C) Polyurethane (9th MP from the placenta of participant number 1). (D) Polyethylene 
(19th MP from the umbilical cord of participant number 9). (E) Polyethylene vinyl acetate (5th MP from the 
umbilical cord of participant number 6). (F) Polyamide (3rd MP from the umbilical cord of participant number 2). All 
photomicrography’s were acquired at 100 × objective (Olympus PlanFL N 100x/0.95).
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were employed to characterize and measure 
MPs, and no standardized methodology currently 
exists. Regarding concentration, we observed an 
average of 13.75 MPs per 50 g of placental tissue 
and 26.67 MPs per 50 g of umbilical cord tissue. 
While umbilical cord data cannot be compared 
to other studies due to the novelty of this finding, 
the detection of MPs in umbilical cord tissue 
provides new insights and complements existing 
evidence of MP presence in amniotic fluid and 
meconium (Liu et al. 2023a, Braun et al. 2021, 
Halfar et al. 2023). This information strengthens 
the hypothesis that fetuses are exposed to MPs 
and associated chemicals during pregnancy.

In terms of MPs concentration in placental 
tissue, several data points allow for comparison. 
This report found a similar concentration of 
MPs in placentas from Maceió’s population 
compared to placentas collected in 2021 from a 
Hawaiian cohort (Weingrill et al. 2023), aligning 
with studies reporting concentrations between 
0 and 18 MPs/g of placenta (Ragusa et al. 
2021, Liu et al. 2023a, Zhu et al. 2023). Only one 
study has reported an average of 126.8 μg of 
MPs per gram of placenta (Garcia et al. 2024), 
which utilized a different analytical method and 
sample processing approach. The analysis of 
MP polymer composition revealed a wide range 
of polymers, with polyethylene (PE) being the 
most abundant in both placentas and umbilical 
cords. This finding is consistent with studies 
worldwide that also report high levels of PE in 
several tissues, including placenta (Amereh et 
al. 2022, Braun et al. 2021, Ragusa et al. 2022a, 
Amato-Lourenco et al. 2024, Roslan et al. 2024). 
The high concentrations of PE, commonly used 
in packaging materials, plastic bags, and films, 
highlights the urgent need for regulations on 
its use, improved waste management, and 
alternative materials. In addition to PE, we 
frequently identified PA, PEVA, and PU in both 
organs. These polymers are also widely reported 

in existing placental studies (Sun et al. 2024b, 
Weingrill et al. 2023, Garcia et al. 2024, Liu et al. 
2023a, b), with PA mainly used in textiles and 
industrial membrane filters (Lara et al. 2021), 
PEVA in laundry products and textiles (Rolsky 
& Kelkar 2021), and PU in foams, adhesives, 
and textiles (Akindoyo et al. 2016, Kemona & 
Piotrowska 2020). Interestingly, these polymers 
also known to be primary sources of MPs in 
fresh and ocean waters (Galafassi et al. 2019). 
Noteworthy, other polymers such as PP, PES, 
PVC, PET, and PS also appear as prevalent MPs 
in different populations (Weingrill et al. 2023, 
Garcia et al. 2024, Amereh et al. 2022, Ragusa et 
al. 2021, Braun et al. 2021, Halfar et al. 2023).

Umbilical cord information is scarcer, as 
only one other study has analyzed this tissue. 
Sun et al. (2024b) showed the presence of MPs 
in ten from twelve samples of umbilical cords, 
where these tissues presented the higher 
concentration of MPs/g of tissue in comparison 
to umbilical cord vein blood, placenta, 
amniochorionic membrane, amniotic fluid, and 
maternal blood. Regarding polymers, they were 
mostly PA, followed by far from PU and acrylates, 
while PE contamination was rather small (Sun et 
al. 2024b).

Such differences in polymers frequency 
could represent a reflection of the local geo-
demographics and environmental exposure 
to these pollutants that are differentially 
accumulating across each population. Alongside 
the polymers, we detected several chemical 
compounds commonly linked to polymer 
production, although most of them were 
restricted to only few MPs. Moreover, we have 
a limitation on characterizing such chemical 
products due to weathering, and lack of available 
libraries. Overcome such limitation is important 
in the field, as Groh et al. (2019), identified over 
4,000 potentially harmful chemicals associated 
with plastic packaging alone with these numbers 
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growing faster than toxicity studies can keep 
pace.

Furthermore, our results add to other 
studies on umbilical cords, amniotic fluid 
and membranes, and meconium, to indicate 
that MPs are probably passing through the 
placental barrier somehow, indicating fetal 
bioaccumulation. In the placenta, endocytosis 
of nanoplastics is not new. Grafmueller et al. 
(2015) described in an ex vivo human placental 
perfusion model the bidirectional transfer of 
such particles up to 300 nm, which tended to 
accumulate inside the syncytiotrophoblast but 
also translocated from maternal to fetal size 
and vice versa. Although nanoplastics are in 
the nano size, MPs up to 10 μm were recently 
shown to be internalized by Bewo cells (Dusza 
et al. 2023). Ragusa et al. (2022a) also showed 
MP-like particles ranging from 2.1 to 18.5 µm 
inside placental chorionic villi. The MP-like 
particles had morphology (irregularity in the 
shapes, borders, and surfaces) and chemical 
composition (appearance as compact carbon 
microparticles) comparable to those of the MPs. 
Nevertheless, despite the growing evidence 
on MPs internalization in placenta and several 
organs, the mechanistic involved in such 
internalization is still unveiled.

CONCLUSIONS
This study highlights a concerning accumulation 
of MPs in placentas from a vulnerable and 
underrepresented population cohort in Alagoas, 
Brazil. As the first study of its kind conducted 
in Latin America, these findings underscore 
the urgent need for further comparative 
research across diverse populations within 
this vulnerable region. Importantly, our results 
strengthen the hypothesis that MPs can cross 
the placental barrier, suggesting fetal exposure 
to both polymer particles and associated 

chemical additives during critical stages of in 
utero development. Although the precise health 
implications of such early-life exposure remain 
unclear, the detection of MPs in both placental 
and umbilical cord tissues raises significant 
concerns about potential risks to fetal health 
and subsequent developmental outcomes. 
Given the growing body of evidence from in vitro 
and in vivo studies linking MP exposure to health 
risks, our findings emphasize the necessity of 
urgent investigation into the long-term maternal 
and fetal health consequences of prenatal MP 
exposure, as well as developmental outcomes 
following birth. This research is particularly 
crucial for communities of lower socioeconomic 
status, who may face greater environmental 
exposure and thus higher potential health risks.
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