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ABSTRACT

INTRODUCTION: Microplastics may be present in food and drinks from various sources, exposing pregnant women to these particles. Con-
sumption of contaminated food can lead to the ingestion of microplastics by pregnant women, potentially causing adverse health effects on
the fetus. This study aims to investigate the presence of microplastics in the stools of pregnant women.

METHODS: The research was conducted in the Makassar City region of South Sulawesi, Indonesia. Thirty healthy pregnant women from 2
community health centers, Pattingalloang and Jumpandang Baru, participated in the study. Their stools were analyzed using Fourier Trans-
form Infrared (FTIR) microspectroscopy to detect the presence of microplastics.

RESULT: The analysis revealed the presence of a total of 359 microplastics in the participants’ stools, with particle counts ranging from 4 to
21 and sizes ranging from 0.2 to 4.9mm per 25g of stool. The polymers identified included Polyethylene Terephthalate (PET), Polyamide/
Nylon, Polyethylene Chlorinated, HDPE, and Ethylene Propylene. The amount of microplastics varied significantly among groups with differ-

ent levels of seafood consumption.

CONCLUSION: Indonesian pregnant women have been exposed to some microplastic polymers.
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Introduction
Microplastics (MPs) are present in all marine environments,
from the coastline and ocean surface to the depths, and are eas-
ily absorbed by small marine organisms such as fish and shell-
fish, potentially causing harm.! MPs are also widespread in both
freshwater and terrestrial ecosystems.?3 Large (macro) objects,
including bottles, wrappers, plastic straws, cartons, and cosmetic
products highly resistant to degradation, all contribute to their
ubiquitous presence.* Over 690 marine species have been
affected by microplastic contamination, which has been detected
in their digestive tracts and may also pose a risk to humans.>¢
Numerous studies have demonstrated that microplastics
enter the human body by crossing the food chain via food, bever-
ages,’ and air® through inhalation and ingestion.” Microplastics
have been monitored in various commodities, such as drinking
water, 1011 salt,12-16 and rice.l” Adverse effects can occur on
human health after consuming microplastic-contaminated foods
or beverages. There are 2 degraded plastic materials, microplastic
<5mm and nanoplastic <0.1 um. Micrometer-sized plastic is
more easily digested, while nanometer-sized particles can pass

through cell membranes.® Once microplastics are ingested, they
can be transported throughout various organ tissues and expelled
through pseudo-feces or collected in certain bodily tissues.
Accumulation of microplastics in body tissues can lead to many
detrimental effects on an organism’s health, such as infertility,
stunted growth, internal or external damage, and blockage of
body tracts.!

Pregnant women are a susceptible group to pollutants. Most
of what is recognized about the effects of MPs on the health of
pregnant women and fetal development is based on animal
studies. Various evidence of toxicity in animal models has been
observed. It was discovered that MPs interact with the produc-
tion of energy and lipid metabolism, thereby increasing oxida-
tive stress and neurotoxic reactions.’® Their presence in cell
cultures has been linked to toxic effects, including apoptosis,
inflammation, mitochondrial and lysosomal dysfunction, and
genotoxicity.’” Their interference with the immune system has
seemed detrimental, with genetic modifications to the expres-
sion of immune response-related genes. As evidenced by brain
abnormalities in the offspring of mice whose mothers were fed
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plastic microparticles,?® MPs can alter the phenotype and the
expression of genes and epigenetics in mice. The exposure to
MPs during the newborn period is associated with the onset of
several diseases in adulthood. Despite the limited amount of
studies on children’s exposure to MPs, it is evident that expo-
sure to MPs and other plastic additives during crucial develop-
mental periods leads to significant alterations in the digestive,
reproductive, central nervous, immune, and circulatory systems
of a kid.?!

Jeong et al?® demonstrated that maternal exposure to poly-
styrene nano plastics (ie, plastic fragments with a size of
100 nm) during pregnancy and lactation altered the neural cell
compositions and brain histology of offspring. Polystyrene
(PS) nanoparticles also activated molecular and functional
problems in neural cells cultured in vitro. Mice with abnormal
brain development induced by exposure to elevated levels of
polystyrene nanoplastics display gender-specific neurophysio-
logical and cognitive deficits. Adult offspring of female mice
exposed to polybrominated diphenyl ethers exhibit short- and
long-term deficits in social recognition, decreased sociability,
and elevated repetitive behavior.?? Exposure to 2 different
microplastic sizes in pregnant women increases the risk of met-
abolic disorders for the fetus.

In recent years, several studies have been conducted in vari-
ous countries to investigate the extent of microplastic contami-
nation in humans. These studies have provided valuable
insights into the prevalence of microplastics in different popu-
lations and the potential risks to human health associated with
exposure to these pollutants. Some warranted the presence of
microplastics in the human body through stool samples.?3
However, related studies from Indonesia are still limited?4-27
and all were conducted in the general population.

Susceptible groups, like pregnant women and children, are
an important target. Thus, this study aims to identify the exist-
ence of microplastics in the feces of pregnant women in
Indonesia. This study is the first study in Indonesia exploring
MPs in pregnant women; hence, it will provide new informa-
tion about chemical exposure to pregnant women.

Methods
Sample collection

For this study, 30 pregnant women from 2 community health
centers in Makassar—the Pattingalloang and Jumpandang
Baru Health Centers—were included voluntarily. They were
included with some inclusion criteria: pregnant mothers who
had visited the health centers and checked up there since the
beginning of their pregnancy and lived in Makassar city. The
women who had a medical indication (diarrhea) and felt dis-
gusting to get their stool were excluded from the study.

A glass bottle was distributed to each of them, and they
were asked to put around 25 mg of their morning stool in it.
The enumerators explain the approximate limit for the

number of stools required in the bottle to the respondents.
Those who had constipation might take their stool anytime.
Enumerators collected the stool-filled bottle within 2
to5 days. The pregnant women also were interviewed using a
questionnaire to get information on their characteristics. A
Food Frequency Questionnaire (FFQ) regarding seafood
consumption within the last year was applied to obtain their
consumption behavior.

Microplastic analysis

Feces extraction. Extraction was applied to the feces before
observing the microplastic. As much as 12.5ml 1% Phenol
solution (Merck, Germany) and 62.5 ml distilled water (Merck,
Germany) were mixed with the feces and stirred with a stir bar
and vortex. Phenol Solution was half the stool weight and
acted as an antibacterial. The mixtures were poured into a petri
dish covered with aluminum foil and incubated at 60°C for
48hours. After drying, the feces were crushed and put into a
200ml jar glass bottle.

Microplastic characterization using microscopy. The dry feces
were then dissolved with Kalium Hydroxide (KOH) (Merck,
Germany) 10% with a ratio of 1:3 and kept for 2weeks until
they fused and changed from solid to colloidal. The sample was
observed under a stereomicroscope (Euromex SB-1902, Arn-
hem, The Netherlands) with a magnification of 25x for bigger
particles and 45x for smaller particles. The microplastics were
separated using a pin and were classified according to their size,
shape, and color according to the GESAMP guidelines.?$%
Microplastics discovered were photographed, counted, and
measured using Image J.

Microplastic identification wusing FTIR. Some MPs were
selected based on the variations of color and shape and further
subjected to Fourier Transformed Infra-Red Spectroscope
(FT-IR Shimadzu Prestice-21, Japan) for plastics polymer
identification. The selected MPs were kept between the cover
glass and mixed with kalium bromide UV-sol (KBr) with a
ratio of 1:10, then crushed and compressed in stainless steel
dish (1 cm?) to produce a pellet. The pellet should be transpar-
ent. Pellets were then subjected to FT-IR, which emitted
infrared radiation that turned out as spectrum values or wave-
lengths number. Using the method described by Primpke
et al,3 the spectra were recorded in absorbance mode in the
range of 4000 to 400 cm™. Percentage values of polymer types
were obtained by grouping similar spectrums of all MPs sam-
ples processed. The Attenuated total reflectance (ATR) spectra
were processed online with Open Specy, an open-access soft-

ware produced by OFSHOME.3!

Quality assurance and control. Several procedures were imple-
mented to ensure the absence of contamination in the samples.
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Stool samples were taken using the aluminum spoon and glass
bottles with aluminum cover. In the laboratory, all materials
were covered with aluminum foil until used. Likewise, samples
were covered with aluminum foil before and after use. Each
equipment component was washed with distilled water prior to
utilization. Additionally, dust was eliminated from the visual
observation workstation of the MPs before the identification
process commenced. Blanks as control that the environment in
the laboratory was maintained and free from microplastic were
made. The blank uses a petri dish containing distilled water
and was placed in the laboratory during the analysis process.
Blanks were placed next to the work area during sample pro-
cessing to measure possible contamination from the surround-
ing environment.

No traces of microplastic were found in the sample blanks
of the airborne controls. Therefore, it is assumed that contami-
nation does not affect the observation of microplastics in the
stool samples.

Statistical analysis. The mean difference of MPs’amounts was
analyzed according to seafood consumption frequency, amount,
and type. We categorize seafood consumption into 2 groups:
frequently (more than 3x/week) and rarely (less than 3x/week).
Then, the seafood consumption amount is categorized into 3
groups based on the Food and Drug Administration (FDA)
recommendation on fish consumption for the pregnant group.32
including high >12 once/week, middle 8 to 12 once/week, and
low <8 once/week. The mean difference was analyzed using a
#-test for the variable within 2 groups, one-way ANOVA for
variables within 3 groups, and P-value <.05 is used for the sig-
nificant difference.

Ethical clearance. All respondents were involved voluntarily
after signing an informed consent form. The ethical clearance
was obtained from the Faculty of Public Health Ethics Com-
mission, Hasanuddin University, with Document Number

9068/UN4.14.1/TP.01.02/2022.

Results
Characteristics of respondents

Table 1 shows the characteristics of respondents and preg-
nancy. The majority of the respondents experienced elementary
school and having no job but as a housewife. Their income is
mostly under the Regional Minimum Wage (RMW). Most
pregnant women were in the second trimester of pregnancy,
having been pregnant more than once, and had normal Body
Mass Index (BMI). None of them was smoking. Half of them
consumed fast food once to twice a week.

Microplastics. 'The characteristics of the microplastics identi-
fied are presented in Table 2 and Figure 1. It was found 359
MP from all the stool samples, ranging in size from 200 to
4900 pm. Most of the microparticles were found in the stools

Table 1. Characteristics and pregnancy condition of pregnant women
(N=30).

VARIABLES RANGE VFIED) N (%)
Age 20-42 28.1 (6.8)
Education
No formal education 1(3.0)
Elementary school 13 (43.0)
High school 11 (37.0)
Higher level 5 (17.0)
Work
Not working 27 (90.0)
Working 3(10.0)
Income
Less than RMW" 26 (87)
More than RMW 4 (13)
Age of pregnancy
First trimester 11 (36.7)
Second trimester 17 (566.7)
Third trimester 2 (6.6)
Gravidity
Primigravida 7 (23.0)
Multigravida 23 (77.0)
BMI (N=30)
Underweight 8 (26.7)
Normal 13 (43.3)
Overweight 9 (30.0)
Smoking
Smoking 0(0)
Never 30 (100)
Fast food consumption
<once a week 8(26.7)
1to 2x a week 15 (50.0)
310 4x a week 4 (13.3)
5to 6x a week 1(3.3)
Every day 2(6.7)

*Regional minimum wave for Makassar City 2022.

of mothers in the pregnancy age of second trimester (10-21
pieces). The identified MPs in the stool samples were frag-
ments, films, and fibers. Most of the shapes are film (41.23%).
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Table 2. Microplastic characteristics in the feces of pregnant women.

VARIABLES MIN  MAX MEAN SD N (%)
Amount of MP per sample 4 21 11.9 4.7
Size (mm) 0.2 49

Type of polymer (N=10)

PET 2(20.0)
HDPE 2(20.0)
Polyamide 3(30.0)
Polyethylene chlorinated 2 (20.0)
Ethylene propylene 1(20.0)

2 Film 148 (41.23)
27 (90.0)
120 (33.43)
Fragment
28 (93.3)
Sipe3e = N=359 MPs
Fiber (25.39) ® N=30 stool samples
30 (100)

b purple [I]3 (0.84)
Green [J3 (0.84)
White |4 (1.11)
sue 13 (352)
slack |3 (0.89)
rovn N 3 77
Yellow J104 (28.97)
|97 (27.02)

Transparant

Figure 1. (a) The shape of MPs found in the pregnant women stools and
(b) the color of MPs in the pregnant women stools.

Most stool samples (76.7%) contained the 3 shapes of MPs,
and the remains were 2. Fibers were discovered in all samples.
Brown was the predominant color identified in the feces sam-
ples (36.77%), followed by yellow (28.77%) and transparent
(27.02%).

The samples of MPs in various colors and shapes are shown
in Figure 2, and the wavelengths are presented in Figure 3.

We characterized 10 MP samples out of the 359 plastics
found for the polymer. The 10 MPs were selected as represen-
tation of 10 variations of colors and shapes, such as film-brown,
line blue, fragment brown, etc. Polyethylene Terephthalate
(PET), Polyamide/Nylon, Polyethylene Chlorinated (PEC),
High-Density Polyethylene (HDPE) and Ethylene propylene
(EP) were present in those samples, and polyamide was the
most polymer.

Some factors related to MPs exposure is presented in
Table 3. Regular consumption of seafood was common
among the women (>75%), and almost half of the women
consumed a high amount of seafood. However, the majority
of them usually consumed small fish. Another risk factor for
MPs exposure is eating food from a plastic bowl poured with
hot water. However, two-thirds of them were rarely to do
this activity.

Discussion

MPs characteristic

Studies on MPs in stool are still rare. The previous study? has
provided evidence that microplastics were present in all human
stool samples, and the current study supports the result. While
the study identified a median of 20 microplastic pieces per
10g of fecal matter, the recent study detected a mean of 11.3
pieces per 25 g stool. Other studies in Indonesia® found the
existence of MPs in seven of eleven stool samples with a con-
centration of 6.94pg/g of feces (pg/g) to 16.6 pg/g. While
another study discovered MPs in six of eleven feces samples
ranging from 3.3 to 13.9 pg/g.2

The size of plastic particles is crucial in producing toxic
effects on various organisms. However, the magnitude of the
destruction that these particles can produce is greatly influ-
enced by the tissue structure and anatomy of each organ-
ism.3% The current study found the size of MPs discovered
from the stool ranged from 0.2 to 4.9 mm. A size of 0.2 is the
minimum MPs size that can be detected from microscopy,
while a size less than that can not be detected anymore,
although they were there.

The most abundant MPs colors discovered in the recent
study are brown, followed by yellow and transparent. The MPs
likely come from seafood consumed, contaminated by MPs
from the sea. Pigments are a source of numerous chemicals,
including certain metals. Discoloration (yellowing) and surface
erosion imply an extended exposure to the environment.
Yellowing is produced by quinone or semi-quinone compounds
forming from phenolic additives, such as benzotriazoles, by
photo-oxidative environmental degradation.?® The accumula-
tion of degradation products in the plastic matrix due to photo-
oxidation typically results in yellow or amber hues (yellowing
and tanning). Photo-oxidation typically causes changes in plas-
tic color, like a gradual shift toward lighter hues (discoloration
or bleaching)* Yellow and brown were also notably prevalent
in investigating the colors of marine plastic litter.>> Yellowing
and tanning are often observed in the most prevalent plastic
polymers, such as Polyethylene (PE), Polypropylene (PP),
Polystyrene (PS), PET, and Polyvinyl Chloride (PVC).343¢ The
extent of yellow or brown color is related to the number of
photo-oxidation products and, thus, the extent of weathering.3”
The oxidative process can act on the polymer (eg, PVC, PC,
PS) and the thermal stabilizers applied to the plastic resin.3*

The shape of plastic particles plays a crucial role in deter-
mining their toxic effects. Plastics can exist in fragments, fib-
ers/filaments/lines, pellets, beads/spheres, and films/sheets.
Plastic debris and microplastics have a similar appearance to
their primary materials. Fiber is used to manufacture nylon
rope and clothing. Some plastic objects contain considerable
amounts of certain extra chemicals for their intended applica-
tions. Hence, the chemical concentration based on the plastics’
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Figure 2. The sample shape of microplastics in the stool of the pregnant women ((a—c) Fiber, (d)Film, and (e and f) Fragment).

structure could indicate environmental exposure and chemical
dispersion through specific plastic objects or pollution sources.
Hundreds of different polymers and polymer mixes are made
commercially; nevertheless, 6 polymers dominate the market.
They account for around 80 % of total plastic manufacturing
and are likely a substantial component of the majority of
marine debris. The polymers are polyethylene (in HDPE and
Low-density Polyethene/LDPE variants) and PET. The fol-
lowing materials are polyurethane (PUR), PP, PS, and PVC.

The current study noticed polyamide or nylon in most of
the 10 analyzed samples. This polymer may come in the form
of fiber, film and plastic. Polyamide is applied in textile indus-
tries, household appliances, kitchen appliances, and food pack-
aging.3® Polyamide fibers primarily result from sewage from
washing clothes. Garments released >100 fibers and >180%
in each liter of washing machine effluent. Currently, synthetic
fibers are used mostly as a textile material, and the proportion
of polyamide found in marine habitats and sewage is 9%.%
When it comes to marine habitats, it pollutes the fish, go into
the food chain, and reaches humans. This polymer also comes
from plastic tea bags steeping at 95°C.3? Plastic tea bag is made
from nylon, degrading and fracturing when they get hold of
high-temperature water.* Thus, drinking tea bags likely
increases the risk of polyamide exposure.

Another plastic discovered in this study was PET. This plastic
material is used in drinking packaging, such as water or milk
bottles. Schymanski et al*! observed PET and Polysulfone (PES)
in the water of plastic bottles due to the application of these
materials for the bottles and the cap. Beverage cartons also
release MPs from the foils and the caps.*! The current result sug-
gested that the MP exposure of pregnant women was through
ingestion from the source of packed food, teabag, packaged bev-
erages, and seafood. All of the participants consume seafood.*43
The previous study also found PET in all 8 stool samples* and
1 of 6 samples.?* Supporting the current study, the prior study
also discovered among 15 types of MPs identified in feces, PET
(22.3%-34.0%) and polyamide (8.9%-12.4%) also being domi-
nant, and sheets as well as fibers as the primary shapes.*

HDPE is another polymer found. HDPE is a variation of
polyethylene, the most polymer usually found in the environ-
ment.* HDPE has a high degree of crystallinity tenacity due
to the chains being almost linear and having minimal branch-
ing.# HDPE and PE are commonly used to manufacture plas-
tic pharmaceutical bottles.*® Supporting the recent study,
HDPE was also found in 6 of 11 feces samples from a fisher-
man community in Surabaya, Indonesia.?* In that study, a
brand of toothpaste they used was also contaminated with
HDPE. Thus it became a possible source of HDPE.
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Table 3. Microplastic amount according to seafood consumption of

pregnant women.
VARIABLES MICROPLASTIC

AMOUNT

P-VALUE

N MEAN (SD)

Seafood consumption frequency

Frequently 23 (76.7) 5-21 12.7 (4.7) .092

Rarely 7(@33) 615 9.3 (3.8)

Seafood consumption amount

High 13(43.3)  10-21  16.0(3.2)  .00°
Middle 7(233) 1143  11.4(2.2)
Low 10(33.3)  5-10 6.9 (1.3)

Seafood type consumed

Big fish 5(16.7)  8-21 15.6 (5.3)  .14v
Small fish 18 (60.0)  5-21 10.9 (4.5)
Mollusk, shell 7 (23.3)  7-15 11.9 (3.7)

Using plastic bowl for food with hot water

Rarely 20 (66.7) 6-15 10.4 (3.2) .46P
Frequently 7 (23.3) 7-21 141 (5.4)
Everyday 3(10.0) 10-17 13.0 (3.6)

at-test.
®One-way Anova. Significantly different when P <.05.

Potential sources

Pregnant women might be exposed to MPs from many sources.
The occurrence of MPs in some potential sources around the
world has been reported in a review.33 First is seafood con-
sumption; as stated previously MPs exposure in humans pos-
sibly through the food chain, such as fish and other seafood.*->2
The current study found that the MPs’ amount in the stools
significantly differs according to the amount of seafood con-
sumption (Table 3). However, there was no difference in MPs
amount according to the seafood type and consumption fre-
quency. The previous study in the Paotere fish market in
Makassar, Indonesia, demonstrated microplastic-contained
debris in the gastrointestinal tract of 28% of 76 fish. The fishes
included silver-stripe round herring, mackerel, and shortfin
scads.>3 Other studies also observed the MPs in blood clams
(Anadara granosa) in the coastal areas around Makassar.>* Thus,
seafood consumption may contribute to the presence of MPs in
pregnant women’s stool.

Moreover, MPs have been found at high concentrations in
table salt from a variety of brands worldwide,”>>7 including
Indonesia.’®%8 They are also reported in high concentrations in
drinking water that could be derived from the bottles.1116:5%60An
average of 118 to 325 particles per liter of bottled water,*1¢1 for

a total of 90 000 microplastics annually contribute to the inges-
tion pathway with the assumption of all water intake comes
entirely from bottled sources.®? Using plastic food containers or
packaging might also contribute to this pathway. However, a
previous study in Indonesia did not observe a significant rela-
tionship between the frequency of ingesting products packed in
plastic and seafood, food and water consumption and micro-
plastics in the stool samples.?

Health implication

MPs exposure likely results in health effects on pregnant women.
The existence of MPs in the stool indicated that they had been
exposed to plastics. Smaller particles (nanoparticles) might stay
in the body and have negative effects. Mostly, the health effects
of MPs are still based on animal studies. PET may affect the
estrogen hormone as estrogenic contamination has been discov-
ered in PET water bottles.*>*3 MPs may induce different
human-derived cells. Exposure to PE and PS may affect the
nervous system by increasing Reactive Oxygen Species (ROS) in
cerebral human cells (T98G).333 PS nanoparticles (NPs) affect
the respiratory system by inducing cytotoxicity effects in a dose-
dependent manner in 2 human cell lines (Calu-3 epithelial cells
and THP-1 differentiated macrophages.3364

Furthermore, the digestive system can also be affected through
gene expression in gastric adenocarcinoma cells, which morpho-
logically cause inflammatory responses and alterations.33%> Study
in mice showed that exposure to PE resulted in a decrease in the
abundance of Firmicutes and an increase in the abundance of
Bacteroides in the gut microbiota.® Mice exposed to both 36 and
116 um PE microbeads orally experienced disruptions in their
stomach and caused histomorphological changes throughout the
entire digestive tract.®’” In addition, the average daily consump-
tion of 166 mg of PET has been found to impact both the com-
position and variability of human gut microbial populations.®8

For pregnant women, plastic exposure will affect the fetus.
MPs have accumulated in the syncytiotrophoblast of the pla-
centa. Syncytiotrophoblast responsible for nutrient transport
across the placental barrier. All polystyrene particles, despite
their capacity to pass the placental barrier or the direction of
perfusion, accumulated in the syncytiotrophoblast of the pla-
cental tissue. The syncytiotrophoblast regulates nanoparticle
transfer throughout the human placenta.®® Particles that are
compatible with MPs may play a role in activating pathological
traits like oxidative stress, apoptosis, and inflammation that are
indicative of metabolic disorders that lead to potential diseases
like obesity, diabetes, metabolic syndrome, and many others.”®

This study has explored whether MPs have exposed the
pregnant mother through the existence of MPs in the stool.
However, this study has some limitations. Only 10 MPs of 356
particles were observed to analyze the polymer type. Thus, it
might not represent all MPs, although they were chosen based
on their colors and shapes. The MPs observed using micro-
scopic resulted in a flaw in observing the smaller particles.



Environmental Health Insights

Conclusion

It is concluded that 10 microplastic polymers were discovered

in the stools of pregnant women. It might bring negative effect

on the development of the fetus. It is suggested that further

studies on the exposure source of the MPs and their effects on
their pregnancy and the baby are necessary.
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