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A B S T R A C T

This study presents the first definitive confirmation of microplastic presence in the human stomach, based on 
samples from 26 cadavers. 97 microplastic particles were extracted from stomach contents, across all 26 in
dividuals, revealing a universal prevalence of microplastics in the cadavers. Morphological analysis of the 
extracted particles unveiled distinct shapes, with fibers constituting the majority (52.04 %), followed by frag
ments (39.80 %) and films (8.16 %). The average quantity of microplastics per individual was calculated to be 
9.4 ± 10.4 particles, with an estimated daily intake of microplastics at 32.2 particles per day. These figures are 
lower than estimates derived from both daily microplastic consumption alone and notably, those calculated from 
stool analyses. Our study also suggests that the breakdown or transformation of microplastics cannot be ruled out 
during their passage through the digestive tract. Although the number of microplastics in stomach contents 
reported in this study was even lower than the daily microplastic intake rates reported in the literature, it 
provides conclusive evidence for the presence of microplastics in the human stomach and provides important 
preliminary data in terms of the risks that may arise for human health.

1. Introduction

The escalating production demand and subsequent environmental 
leakage make plastic pollution a paramount global issue, directly 
impacting human health as well. By the end of 2019, global plastic 
production was close to 10 billion tons [1]. Of this total, roughly 10 % 
underwent recycling, and 14 % underwent incineration, leaving the 
remaining 76 % in landfills, dumps, or dispersed in the natural envi
ronment [2]. A staggering 22 % of all plastics produced globally is 
estimated to be mismanaged, contributing to environmental leakage [1].

While a significant quantity of plastics is intentionally produced as 
microplastics for various sectors, the inevitable breakdown of macro
plastics into microplastics or nanoplastics is a growing concern. Micro
plastics (MPs) are defined as plastic particles with sizes ranging from 
1 µm to 5 mm [3]. Nanoplastics is used for plastic particles at the 
nanometer dimension, covering 1–1000 nm (i.e. = <1 µm). Considering 
a specific weight of 1, the 22 million tons of plastics, previously calcu
lated and reported to have leaked into the environment for the sole year 

of 2019 [1], results in a staggering outcome—approximately 5×10^26 
micro-particles when hypothetically broken down to a size of 100 µm in 
diameter, posing a significant impact on the world’s ecosystems and 
eventually to human. To put this into perspective, it is noteworthy that 
the estimated number of individual live insects at any given time is 
significantly lower, approximately only 10×10^18 [4].

Whether in the form of macro-, micro-, or nanoplastics, these ma
terials can inadvertently be ingested by a large number of aquatic or 
terrestrial animals. Consequently, they have been discovered in the 
stomach contents of a diverse array of terrestrial and aquatic organisms, 
ranging from earthworms and birds to zooplankton, fish, shellfish, tur
tles, dolphins, and whales [5–9].

Micro- or nano plastics also traverse the food web, reaching higher 
organisms, including humans. Therefore, plastic pollution is recognized 
not only as a significant environmental threat but also as a critical 
concern for human health. Recently, heightened attention has been 
directed towards the matter of human exposure to microplastics, driven 
by mounting concerns about its potential risks. The measurement of 
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toxic chemicals in the human body, verification of exposure levels, and 
the implementation of public health protection measures are crucial. 
However, conducting a risk assessment for micro/nanoplastics is chal
lenging due to the scarcity of data on both toxicological hazards and 
human exposure [10–12].

The exposure of humans to plastics, particularly those less than 
10 µm in size, has become a prominent concern in this context. Studies 
conducted to date have primarily assessed human exposure to micro
plastics through inhalation [13], ingestion, and dermal contact [14]. 
Human exposure levels to microplastics vary according to age, sex, diet, 
and lifestyle [15].

Among these routes, ingestion, particularly through the consumption 
of food, stands out as a prevalent pathway for human exposure to 
microplastics. Numerous reports have highlighted the presence of 
microplastics in a wide variety of food items [16]. The research findings 
suggest a pervasive presence of microplastics across a diverse range of 
human-consumed food, beverage items, and plastic food packaging 
[15]. Notable examples include table salts [17], meat products [18], 
sushi seaweed (nori) [19], rice [20], vegetables, and fruits [21], mussels 
[22], fish [6,23], and various beverage products [24].

When inhaled, microplastics, depending on their size, may permeate 
various organs or tissues by entering the bloodstream through the lungs. 
Similarly, plastic particles taken up in the intestine could also be 
transported throughout the body via the bloodstream. The translocation 
of microplastics through either intestinal absorption or epidermal 
infiltration, and nanoplastics through blood circulation, has been 
extensively documented in fish [25,26]. Hence, the growing number of 
studies revealing the presence of plastic particles in various human or
gans is not surprising. The widespread presence of microplastics has 
been detected in human blood [12] lungs [27], saliva [28], sputum [29], 
placenta [30], stool [31–33], liver [34], and urine [35].

The World Health Organization [13] underscores the imperative for 
enhanced estimations regarding the exposure of the general population 
to micro/nanoplastics and its co-pollutants through both inhalation and 
dietary pathways. This data is crucial for understanding the relationship 
between the human exposure dose of microplastics and their toxic bio
logical effects. The toxic effects of microplastics mainly depend on the 
physicochemical properties of the particle, the co-existence of organic 
pollutants, heavy metals that are adsorbed by the particles, and exposed 
cell types. Potential toxicity mechanism of microplastics includes 
oxidative stress due to increased intracellular reactive oxygen species 
(ROS), induced inflammatory response, and disruption of the energy 
homeostasis and metabolism which could lead to cytotoxicity, geno
toxicity, metabolic disorders, and even carcinogenicity [15,36,37].

Recent studies have demonstrated adverse health effects due to the 
presence of micro/nanoplastics in humans. The study conducted by Yan 
et al. presents findings that indicate a positive correlation between the 
severity of inflammatory bowel disease (IBD) and the concentration of 
faecal microplastics [33]. Laboratory tests have demonstrated that 
microplastics can induce harm to human cells, triggering allergic re
actions and even cell death [38]. Nanoplastics have been found to 
interact with the brain’s naturally occurring protein; α-synuclein and 
resulting in alterations associated with both Parkinson’s disease and 
certain forms of dementia [39]. A potential link between colorectal 
cancer and microplastic exposure levels has been proposed, based on the 
analysis of both tumoral colon tissues (TCT) and non-tumoral colon 
tissues (N-TCT) from patients diagnosed with colorectal adenocarci
noma [40].

Although micro/nano plastics have been identified in various human 
tissues, organs, fluids (such as blood and milk), and faeces excretion, to 
our best knowledge, no studies have specifically detected microplastics 
within human stomach content despite the human gastrointestinal sys
tem the primary target of toxic effects of ingested microplastics [37]. 
While numerous studies have demonstrated the presence of micro
plastics in a diverse range of food and beverages, their existence and 
behaviour in the highly acidic (pH = 1.5–2) environment of the human 

stomach remain unexplored, constituting the primary objectives of the 
current study.

2. Material and methods

2.1. Sample collection

In this study, microplastic samples were procured from the stomachs 
of 26 cadavers, with individuals having empty stomachs or gastroin
testinal injuries systematically excluded from the study. Details per
taining to the cadavers used for microplastic sampling from the stomach 
are summarized in Table 1. Authorization for microplastic sampling 
from the cadavers’ stomachs was granted by the Scientific Research 
Committee of the Presidency of the Forensic Medicine Institute of 
Istanbul, Turkiye.

Before sample collection, metal equipment was rinsed with distilled 
water and pre-filtered acetone. Chemically resistant, amber-coloured 
glass laboratory bottles (100 mL) with aluminium screw caps were 
also rinsed twice with pre-filtered acetone. After drying, empty bottles, 
screw caps, and metal equipment’s were covered with aluminium foil 

Table 1 
Cadaver information used for microplastic sampling extracted from the stomach.

Cadaver 
Code

Sex Age 
(y)

BMI 
(kg/ 
cm2)

Cause of 
death*

Toxicology* PMI 
(min)

1 M 60 29 CAD Cardiac 
medications

1140

2 M 63 16 Methanol 
intox.

Methanol 150

3 M 30 24 Hanging Ethanol, Meth, 
MDMA

600

4 M 65 36 CAD Cardiac 
medications

105

5 F 24 24 Hanging Antidepressants 910
6 F 50 38 CAD Ethanol 815
7 F 58 23 CAD Antidiabetics 105
8 M 37 23 Gunshot 

wound
NONE 200

9 M 41 21 Hanging NSAID 400
10 F 72 46 CAD Antidiabetics 672
11 M 39 23 CAD Cardiac 

medications
210

12 F 68 26 CA Cardiac 
medications, 
Ethanol

1260

13 M 32 24 Traffic 
accident

NONE 235

14 M 24 25 Drug 
intoxication

MDMA 240

15 M 54 17 Pneumonia Antiepileptics 365
16 M 58 30 Traffic 

accident
Cardiac 
medications

215

17 M 57 29 CAD Cardiac 
medications

630

18 M 37 21 Hanging Antipsychotics 510
19 M 58 27 CAD Cardiac 

medications
190

20 M 61 29 Fall from 
height

Antidepressants 710

21 M 26 23 Hanging Ethanol, 
antidepressants

725

22 M 45 20 Fall from 
height

Antidepressants 1050

23 M 53 23 CAD NONE 404
24 M 18 27 CAD NONE 750
25 M 45 34 CAD NONE 485
26 F 43 24 Pneumonia NSAID 825

* PMI: Postmortem Interval (time of death); M: Male; F: Female; CAD: Coro
nary artery disease; CA: Endometrial cancer; BMI: Body mass index; Toxico
logical examination results of the cases: Meth: Methamphetamine; NSAID: Non- 
steroidal anti-inflammatory drugs; MDMA: 3,4-metilenedioksi- N- 
metilamfetamin.
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until the sampling.
During the autopsy, the stomach was removed and dissected from the 

pylorus. A 50 mL of stomach-duodenum content from each case was 
transferred into a separate, amber-coloured glass bottle, uniquely coded 
with a numeric identifier. The bottle was covered with a new layer of 
aluminium foil before sealing with a screw cap.

All sampling procedures were meticulously executed within a 
Biosafety Level Two (BSL-2) autopsy laboratory, featuring state-of-the- 
art HEPA filters and a dedicated aeration system. The sampling was 
carried out by the autopsy team, using personal protective equipment 
(PPE).

2.2. Stomach content digestion and filtration

Microplastics extraction from the samples was carried out by the 
methodology employed by Gündogdu and Kösker [41]. In detail, the 
sample from each individual was placed in a pre-cleaned beaker and the 
beakers were then covered with aluminium foils against airborne 
contamination. For the digestion of organic material, a solution of 30 % 
KOH: NaClO was used. This solution was a mixture of 700 mL of 
microfiltered water, 150 mL of saturated KOH solution (1.120 g/L), and 
150 mL of NaClO containing 14 % active chlorine [41]. Afterwards, 
250 mL of the solution was added to each beaker containing the sample. 
The beakers were then covered with aluminium foil and kept on a hot 
plate at 50 ◦C for one week until the organic material was fully digested. 
After completely dissolving the organic materials, the solution was 
transferred to a separation funnel and 500 mL (5 M 1.6 g/mL density) 
NaI solution was added to the samples. After waiting for one day for the 
density separation, all settled material was removed and the supernatant 
was transferred to a separate sterile beaker and filtered through a GF/C 
filter paper with a pore size of 0.45 µm. Finally, the filter papers were put 
in clean Petri dishes for microscopic and spectroscopic analysis.

2.3. Chemical characterization of particles using μ-Raman analysis

MP-like particles on the filter paper were initially counted under a 
microscope and all counted particles were analysed for chemical 
composition using a Renishaw InVia Qontor confocal Raman micro
scopy system (Renishaw Plc, New Mills, Wotton-under-Edge Glouces
tershire, UK) with 532 nm and 785 nm lasers. The particles were 
examined under a Leica microscope at 50x magnification. Two cumu
lative readings were taken with a spectral range between 300 and 3200, 
an exposure of 10 seconds, and grating settings varying from 600 l/mm 
to 1200 l/mm. The obtained spectra were compared to those in the ST- 
Japan microplastics library. The ratio of MP-positive results from 
polymer identification to the total presence of microplastics was used as 
a correction factor.

2.4. Quality assurance and contamination control measures

To ensure the prevention of potential contamination during the 
study, all equipment underwent a rigorous cleaning process involving 
three washes with MilliQ distilled water, followed by pre-filtered 
acetone before usage. The cleaned equipment was stored in a closed 
cabinet (Class-4, Esco Technologies Inc.) throughout the study. To 
eliminate the possibility of contamination, solutions, and solvents used 
in the analytical processes were filtered through GF/C Whatman filter 
paper with a pore size of 0.45 µm, utilising a vacuum pump from Mil
lipore. All analyses were conducted inside an enclosed laminar flow 
cabinet, and sample containers were consistently covered with 
aluminium foil during waiting periods. Work surfaces were thoroughly 
cleaned with acetone before and after each use. Microscopic examina
tion was carried out using a microscope (SZX16, Olympus Co.), placed in 
a closed cabinet. All analyses were conducted while wearing cotton 
laboratory clothing.

All procedures employed in the actual sampling were also applied to 

a dummy sample set. To ascertain if there was any microplastic 
contamination from the surgical environment, the same method used for 
stomach contents was performed on dummy samples in four replicates. 
To simulate laboratory contamination, a dummy sample set (n = 3) was 
produced, as recommended by Dawson et al. [42]. Ultrapure water 
(water for injection, using Aqua-Nova distillation unit, Sweden) was 
added to pre-cleaned sterile sample bottles, and the stomach content 
sampling process was imitated. The filter papers were then also analysed 
by µ-Raman and the spectral profiles of the particles were investigated.

2.5. Statistical analysis

In this study, the normality of microplastic counts was assessed using 
the Shapiro-Wilk test, a widely accepted method for evaluating con
formity to a normal distribution. Subsequently, to explore potential 
differences between males and females, the Mann-Whitney U test was 
employed. This non-parametric test is particularly suitable for 
comparing two independent groups, making it robust even in cases 
where the assumption of normality is not met. The statistical analyses 
were conducted using the Scipy stats module in Python, providing a 
comprehensive approach to both distributional assessment and group 
comparison.

3. Results

3.1. Demographic composition of cadavers

The study comprised 20 male (76.9 %) and 6 female (23.1 %) in
dividuals. The median age was 46.8 years ranging from 18 to 72 years. 
Among the participants, 14 individuals (53.8 %) had normal weights 
(body mass index (BMI) ranging from 18.5 to 24.9), while 12 individuals 
(46.2 %) were classified as obese (BMI ⩾ 30).

Autopsies were performed within a timeframe of 105 minutes to 
1140 minutes after the death, with a mean duration of 534.6 minutes. 
The causes of death varied, with atherosclerotic coronary artery disease 
identified in 11 individuals (42.3 %), hanging in 5 individuals (19.2 %), 
major trauma in 4 individuals (15.4 %), and infection and cancer each 
accounting for 3 individuals (11.5 %). Additionally, drug abuse was 
reported in 2 individuals (7.6 %), and firearm injury in 1 individual 
(3.8 %) respectively.

Post-mortem toxicological analysis revealed the presence of antihy
pertensive and antidiabetic drugs in 9 individuals (34.6 %), and anti
depressant drugs in 6 individuals (23.1 %). There was no chemical 
detected in 5 individuals (19.2 %). (Table 1).

3.2. Quality assurance and contamination control measures

In the microscopic analysis of control samples from the surgical 
environment examined, 14 particles (3.5 particles/replicate) with a size 
of 60–300 microns were detected. However, despite utilizing Raman 
analysis, no specific spectrum could be obtained from any of these 
particle’s indicative of synthetic polymers. Consequently, it can be 
concluded that there is no apparent contamination from the surgical 
environment in this study.

In evaluating potential contamination from the microplastics labo
ratory, three control samples were scrutinized under a microscope. The 
findings indicated that there were 7, 2, and 4 particles detected in each 
respective sample, with an average length of 254 ± 125.2 µm (Table 2). 
We subjected all the particles to Raman analysis, revealing that only a 
total of three transparent fibers in the three Petri dishes exhibited peaks 
characteristic of cellulose, with no other synthetic plastic polymers 
detected. Additionally, a hot needle test was conducted on the particles, 
and they did not exhibit any plastic-like behaviour, such as shrinkage or 
melting when exposed to heat.
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3.3. Particle characterization of microplastics via μ-Raman

A comprehensive Raman analysis was performed on 36 microplastic- 
like particles (out of 97 total), constituting 37 % of all particles (Fig. 1). 
This analysis led to the identification of 8 synthetic polymers and cel
lulose. Predominantly detected particles included Polyethylene (PE, 
30.5 %), Polypropylene (PP, 13.9 %), Polymethyl methacrylate (PMMA, 
13.9 %), Nylon-6 (Polyamide, 11.1 %), Polyethylene terephthalate 
(PET)/Polyester (11.1 %). Notably, cellulose, representing only 2.8 % of 
the particles was the sole microplastic in our contamination tests. 
Consequently, no adjustments were made to the average value, as such 
deductions would have had a negligible impact on the overall result.

3.4. Microplastics found in the stomachs

A total of 97 microplastic particles were extracted from the stomach 
contents of all 26 individuals (Fig. 2). Remarkably, microplastics were 
identified in the stomachs of all 26 cadavers. The observed range of 
microplastics in each sample varied from 1 to 14 particles. When 
assessing the overall gastric content, the total number of microplastics 
ranged from 1 to 39 particles per individual. The calculated average 
quantity of microplastics per individual was determined to be 9.4 ± 10.4 
particles (Table 3).

The Shapiro-Wilk normality test value of 0.76 (P < 0.05) indicated 
that the data is non-parametrically distributed. Correlation analyses 
revealed no significant trends between the quantity of microplastics in 
the stomach and body mass index (BMI, r2 = 00002), age (r2 = 0.02), or 
post-mortem interval (PMI, r2 = 0.05). However, while no statistical 
gender-based differences were evident in the Man-Whitney U analyses 

(46.5, P < 0.05), the average count of microplastics in females (7.1 ±
6.9 particles, n = 6) was approximately 30 % higher than that observed 
in males (10.2 ± 10.3, n = 20).

3.5. Morphology and length distributions of microplastics extracted

The morphology analysis of the extracted particles revealed distinct 
shapes, with fiber comprising the majority (52.04 %), followed by 
fragment (39.80 %), and film (8.16 %) (Table 3). Additionally, upon 
examining the colour pattern exhibited by the particles, it was discerned 
that there were 8 different colour variations. Notably, the prevailing 
colours were blue (38.8 %), black (24.5 %), transparent (11.2 %) and 
red (11.2 %).

The length of the extracted microplastics was found to be 802.1 ±
858.6 µm on average, with a minimum size of 51.53 µm and a maximum 
size of 4789.1 µm. After examining the different shapes, it was found 
that the fibers were 1196.6 ± 907.1 µm, the films were 635.6 ±
310.8 µm and the fragments were 330.4 ± 261.4 µm. For all micro
plastic types, there is an apparent skewness (i.e. the lack of symmetry) 
and kurtosis towards the left as seen for the total values in Fig. 3.

4. Discussion

This study utilizing samples from 26 cadavers marks the first 
confirmation of microplastics’ presence in the human stomach, aligning 
with expectations. Recent studies have already shown that microplastics 
were observed almost in all stool samples; for example, Schwabl et al. 
(2019) found microplastics in the faeces of all eight healthy volunteers 
aged 33–65 years from Europe and Asia [31]. Zhang et al. found in faecal 
samples 23 (95.8 %) participants out of twenty-four participants tested 
positive for microplastics 18–25 years were recruited from Beijing, 
China [32]. Similarly, Yan et al. found microplastics in the faeces of all 
102 individuals from Nanjing, China [33]. In our study, despite the 
consistent identification of microplastics in all individuals, the average 
count of 9.4 particles per individual revealed a broad range of values 
between 1 and 39 particles per individual and associated a notable 
standard deviation of 10.4. This is also not surprising as there was a high 
heterogeneity among the individuals in terms of age, gender, body mass 
index (BMI), health conditions, as well as the causes of death and 
post-mortem intervals (PMI) from which stomach samples were derived.

The transit time of food through the stomach varies based on factors 
such as the type and quantity of nourishment. Liquids typically exit the 
stomach more rapidly, while solid foods tend to have a longer residence 
time. As reported by Lee et al., the transit time of solid food in the human 
digestive system is characterised by the following intervals: gastric 
emptying (2–5 h), small bowel transit (2–6 h), colonic transit (10–59 h), 

Table 2 
Details of particles obtained from dummy sample analysis to measure laboratory 
contamination.

Dummy sample 
number

Shape Colour Size 
(µm)

Raman 
result

Sample− 1 Fragment Black 65,00 No peak
Fiber Transparent 120,00 Cellulose
Fiber Transparent 368,00 Cellulose
Fiber Transparent 274,00 Cellulose
Fiber Brown 94,00 No peak
Fiber Black 254,00 No peak
Fragment Black 169,00 No peak

Sample− 2 Fragment Green 74,00 No peak
Fiber Black 157,00 No peak

Sample− 3 Fiber Black 829,00 No peak
Fragment Cream 467,00 No peak
Fiber Black 148,00 No peak
Fiber Transparent 58,00 No peak

Fig. 1. Percentage distribution of polymer types identified by Raman analysis, encompassing 39 MP-like particles out of a total of 97 microplastics extracted 
from cadavers.
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and whole gut transit (10–73 h) [43]. Given a presumed transit time of 
an average of 3.5 h and a feeding period of 12 hours for humans, the 
estimated average daily intake of microplastics could be calculated as 
approximately 9.4 microplastic particles multiplied by the ratio of the 
feeding period to the gastric transit time, resulting in an approximate 
value of 32.2 microplastic particles per day.

Regrettably, there is no existing study for a direct comparison with 
our observed values. However, indirect comparisons could be possible.

In a comprehensive evaluation, Cox et al. analysed 26 published 
studies on human microplastic uptake through consumption, encom
passing over 3600 processed samples and accounting for approximately 
15 % of Americans’ caloric intake [44]. Their estimation, including 
microplastics less than 50 µm, suggests that daily microplastic con
sumption varies from 107 to 142 particles, depending on age and sex. 
Notably, our finding of 32.2 microplastics per individual per day, for 
microplastics >50 µm, is considerably lower than the indirect estima
tions calculated by Cox et al. [44]. It is noteworthy to mention that Cox 
et al. proposed even higher values (247 microplastics daily) for in
dividuals who exclusively rely on bottled water to meet their recom
mended water intake [44].

On one hand, the detection of a high number of microplastics (me
dian value of 41 particles/10 mL) in human sputum, ranging between 20 
and 500 µm in size, confirms a significant exposure of the human 
digestive system to these pollutants [29]. On the other hand, several 
studies have documented the presence of microplastics in the spool of 
healthy individuals. Schwabl et al. reported an average concentration of 
9.4 items/g, [31] and Zhang et al. reported 8.9 particles/g wet weight in 
human faeces [32]. Yan et al. recorded an average of 28.0 particles/g 
dry weight of stool for healthy individuals and 41.8 particles/g dry 
weight of stool for patients with IBD [33]. Considering that more than 
70 % of stool is composed of water, Yan et al. value for healthy in
dividuals in terms of wet weight (8.4 items/g wet weight) is likely to 
align within a similar range as the results of the previous two studies 
[33].

It is important to emphasize that the concentration of microplastics 
detected in faeces in these studies is not a direct equivalent to their 
concentration in the stomach, as reported in this study. On average, 
individuals expel around 30 millilitres of stool for every five kilograms 
of body weight per day [45]. For an individual weighing approximately 
70 kg, this results in roughly half a kilogram of faeces daily. Considering 
the microplastic particles values found by Schwabl et al., Zhang et al. 
and Yan et al., the total amount of microplastics in the stool of healthy 
individuals with an average weight of 70 kg would be approximately 
range between 7 ×500 = 3500–9.4 ×500 = 4700 microplastics in the 
entire stool per day [31–33]. These values significantly exceed both our 
daily value calculated from the stomach content and estimations based 
on daily consumption.

One potential reason for the higher values calculated through con
sumption or observed in faeces could be the minimum size of micro
plastics studied between our study and the literature. In our study, the 
size range of microplastics was 51.5–4789.1 µm. While the size ranges in 

Fig. 2. Photos showing various types and shapes of microplastics extracted from the stomachs of cadavers. a) film and fragment, b) fragment, c) film, d) fiber, e) 
fiber, and f) fiber.

Table 3 
The number of different types of microplastics (MPs) extracted from cadaver 
stomachs.

Cadaver 
Code

Total 
Gastric 
Content 
(mL)

Type of MPs Total 
number 
of MPs in 
the 
sample

Total 
number 
of MPs in 
each 
cadaver

Fiber Film Fragment

1 100 9 0 5 14 28
2 100 3 0 1 4 8
3 100 0 0 1 1 2
4 100 0 0 2 2 4
5 150 2 0 0 2 6
6 50 0 0 2 2 2
7 250 0 0 2 2 10
8 100 1 1 0 2 4
9 100 2 0 1 3 6
10 50 1 0 0 1 1
11 200 0 0 1 1 4
12 75 12 0 1 13 19.5
13 100 1 0 0 1 2
14 75 1 0 0 1 1.5
15 100 1 0 0 1 2
16 300 1 1 1 3 18
17 500 0 0 3 3 30
18 150 9 2 2 13 39
19 50 3 0 2 5 5
20 75 1 0 2 3 4.5
21 50 2 1 9 12 12
22 100 0 0 1 1 2
23 50 0 0 1 1 1
24 150 0 1 1 2 6
25 400 0 2 1 3 24
26 200 1 0 0 1 4
Total 3675 50 8 39 97 245.5
Average 141.3 1.9 0.3 1.5 3.7 9.4
SD 111.3 3.1 0.6 1.9 4.2 10.4
Median ​ ​ ​ ​ 2 4.8
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studies reviewed by Cox et al. could vary considerably, some reported 
sizes as low as 10 µm, which is much smaller than our minimum size 
[44]. Zhang et al. reported a size range of 20–800 µm, encompassing 
relatively smaller microplastics in faeces [32]. Schwabl et al. identified 
faecal microplastic particles within the size range of 50–500 µm in their 
study [31]. Yan et al. reported a detected size range of 1.7–393.8 μm for 
microplastics in faeces from both healthy and IBD participants [33]. 
They noted that in both groups, over 97.5 % of microplastics were 
smaller than 300 μm, with about half being less than 50 μm in the faeces. 
Since we could not successfully analyse microplastics less than 50 µm in 
size, our concentration values may be substantially underestimated. 
Qian et al. recent study provides a compelling example supporting this 
suggestion [46]. They have very recently demonstrated that the actual 
concentrations of micro/nanoplastics in regular bottled water are two to 
three orders of magnitude higher (reaching an average of 24000 parti
cles per liter) than previously reported results, which primarily focused 
on large microplastics at the level of 105 particles per liter. The pro
nounced skewness (i.e. the lack of symmetry) value of 1.58 and left 
kurtosis (heavy-tailed distribution having more outliers) value of 1.56, 
prominently favouring smaller sizes in our frequency distribution (refer 
to Fig. 3), is indicative of the abundance of smaller-sized microplastics in 
the human stomach in this study.

Furthermore, it is important to consider the prospect of decomposi
tion or fragmentation of microplastics throughout their transit within 
the human digestive system, potentially contributing to an increased 
prevalence of faecal matter. The absence of larger particles (>800 µm) 
in the studies mentioned above is noteworthy, especially when con
trasted with our findings, which revealed the presence of fibers 
measuring up to almost 5 mm. Such disparities may hint at a process 
involving chemical and/or mechanical breakdown of fibers, resulting in 
elevated levels of microplastics in stool samples. Adding to this, the 
stomach presents a highly acidic environment with a pH range of 
1.5–3.5, primarily attributed to the presence of hydrochloric acid. 
Notably, a few studies have demonstrated the degradation of various 
forms of fibers in high hydrochloric acid environments, especially under 
elevated temperatures [47,48].

The potential breakdown of microplastics into smaller particles rai
ses concerns about heightened risks, as they could have a higher possi
bility be absorbed along the intestinal tract, facilitating their entry into 

the circulatory system and various organs within the human body.
The study highlights that the observation of microplastics in the 

highly acidic environment of cadavers, as depicted in Fig. 2, does not 
conclusively indicate their degradation. Considering this, the authors 
recommend a more comprehensive approach to the analysis by advo
cating for the quantification of microplastics, along with an examination 
of their size distribution, throughout the entire digestive system—from 
the mouth to the anus. This proposed investigation could provide a more 
thorough understanding of whether microplastics undergo breakdown 
or transformation during their passage through the digestive tract.

Upon entry into the body through ingestion, the fate of foreign 
substances hinges on their ability to traverse biological barriers and 
distribute within the organism. Studies in mice indicate that certain 
particles can be transported to the liver via the circulatory system, 
recirculated through bile to the small intestine, and ultimately excreted 
in faeces [49]. According to WHO, data suggest that microparticles 
(>150 μm) are less likely to be absorbed, with absorption increasing as 
particle size decreases, particularly through oral exposure [13]. Nano
particles (<1 μm), including the nano-sized fraction, are deemed more 
likely to be absorbed, though the characterization and quantification of 
uptake remain limited.

The gastrointestinal tract poses significant physiological barriers to 
particle absorption and systemic bioavailability. Mucus, a selectively 
permeable hydrogel known as mucin, serves as a crucial physical barrier 
against particle diffusion across epithelial tissues. Lai et al. demon
strated the rapid penetration of large polymer nanoparticles up to 
500 nm through physiological human cervicovaginal mucus [50]. In 
addition to mucus, other sites of particle uptake, contingent on size, 
include enterocytes, intestinal macrophages, the epithelium of Peyer’s 
patches, and the villus tips [51].

Yoo et al. propose an upper limit for endocytosis at around 500 nm, 
while particles exceeding this size are absorbed by intestinal macro
phages [52]. Uptake of particles exceeding 1 μm is primarily attributed 
to specialize "microfold cells" in Peyer’s patches [44,51,53]. Trans
location and absorption of microparticles measuring less than 10 μm 
across microfold cells have been observed, involving active phagocytic 
transport from the gut lumen. These particles then migrate to the blood 
via mesentery nodes and the thoracic lymph duct [54]. Additionally, 
larger microplastics can undergo translocation through villous uptake, a 

Fig. 3. The length frequency distribution of the 96 microplastics extracted from the cadavers.
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process known as "persorption" [55]. This passive absorption occurs for 
microparticles ranging from 5 to 150 μm, traversing the intestinal mu
cosa through gaps resulting from mechanical kneading of the 
single-layered intestinal epithelium. Volkheimer’s experiments, con
ducted in both animals and humans, demonstrated the detection of 
starch particles up to 130 μm in diameter in the bloodstream following 
ingestion [56,57].

Cox et al. highlight the limited understanding of the effects of 
consuming microplastics on human health [44]. Once microplastics 
enter the gastrointestinal tract, there is the potential for the release of 
constituent monomers, additives, and absorbed toxins, posing a spec
trum of physiological risks, ranging from oxidative stress to potential 
carcinogenic behaviour [58].

Li et al. proposes that as microplastics traverse the gastrointestinal 
tract, their interaction with the physiological processes of the body, 
particularly in the colon and rectum, may compromise the effectiveness 
of the protective colonic mucus layer, consequently elevating the risk of 
colorectal cancer [59]. Aligning with this hypothesis, Cetin et al. con
ducted a ground-breaking study that explored the presence of micro
plastics in both tumoral colon tissues (TCT) and non-tumoral colon 
tissues (N-TCT) of patients diagnosed with colorectal adenocarcinoma 
[40]. Notably, colon tissue (C group) samples from individuals without 
colorectal cancer were examined for the first time in this context. The 
findings revealed a significantly higher number of microplastics 
extracted from the TCT group compared to both the N-TCT and C 
groups. Cetin et al. study identified three specific microplastic polymers; 
polyethylene (PE), polymethyl methacrylate (otherwise known as 
acrylic glass, PMMA), and nylon (polyamide) in the spectra of the 
extracted microplastics [40].

Consistent with the findings of Cetin et al. our study also revealed the 
dominance of these three polymers, along with polypropylene, in the 
analysed samples [40]. Notably, the total number of polymers identified 
in our study, nine in total, was fewer than that reported by Yan et al., 
who identified 15 types of microplastics in faeces. In their study, poly
ethylene terephthalate constituted 22.3–34.0 %, and polyamide 
comprised 8.9–12.4 % of the detected microplastics [33]. Similarly, 
Zhang et al. noted the presence of eight types of microplastics in faeces, 
with polypropylene (PP) being the most abundant, followed by poly
ethylene terephthalate (PET), polystyrene (PS), PE, polyvinyl chloride 
(PVC), polycarbonate (PC), polyamide (PA), and polyurethane (PU) 
[32].

Interestingly, Yan et al. observed primary shapes such as sheets for 
polyethylene terephthalate and fibers for polyamide [33]. In contrast, 
our study found that fibers constituted more than half of the micro
plastics, followed by fragments, which aligns with findings from various 
Turkish environmental samples. For instance, Güven et al. reported 
70 % fiber content in marine fish samples [6], while Gündogdu found 
70 % fiber content in Turkish table salts [17], and Tutaroglu et al. re
ported 61.7 % fiber content in solid Spirulina products [60].

Furthermore, the prevailing blue colour (38.8 %) observed in this 
study was also dominant in Turkish environmental samples. Aydın et al. 
reported that in 25 studies conducted on various Turkish environmental 
samples, the most reported microplastic colour was blue [16].

The pervasive presence of microplastic particles across diverse 
environmental elements such as air, water, soil, organisms, food, and 
beverages underscore the extensive exposure of humans which may 
cause different toxic effects on specific organ systems. Despite being in 
the nascent stages, studies on microplastic-induced toxic effects in 
humans are becoming increasingly crucial, given the continual surge in 
plastics production. This upward trajectory suggests a probable escala
tion in the levels of microplastics and nanoplastics in human tissues and 
vital organs over time. The accumulation of knowledge on the levels and 
effects of microplastics and nanoplastics in various human tissues is 
crucial for understanding the significance of these contaminants for 
human health.
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