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Abstract Objective: This study investigated the number and size of microplastics (MPs) found in foods prepared by chopping
on commercially available and widely used plastic cutting boards. It was revealed that when plastic cutting boards
are used for chopping, they introduce MPs into foods in quantities that pose a health risk and contribute to the
rapid increase in MPs in environmental pollution.

Material and Methods: The kitchen chopping process was simulated as the cutting of the meat with 100 knife strokes
on white (low-density polyethylene) and pink plastic (a mixture of several plastics) cutting boards. Chopped food was
dissolved in 10% potassium hydroxide (KOH) solution. The samples were filtered using a vacuum filtration system
with 1.6 μm pore size glass fiber filters and left in Nile red for 10 min. Incorporating a 470 nm LED light, images were
taken using a camera at ISO 100 with an orange filter. For the automatic quantification and characterization of the
shape and size of the fluorescent MPs, ImageJ software (the Microplastics Visual Analysis Tool MP-VAT 2.0) was used.

Results: A total of 7413 MP pieces of fiber, fragment, and particle types, along with their respective diameters, were
identified as a result of the experiments. This means that for every stroke of the knife made on the plastic cutting
board, 12 pieces of MP are released into the food. When these pieces were classified by size, it was determined that
pieces in the “50-110 μm” size range, considered potentially hazardous to health, constituted 44.3% of the total MPs.
The total area of the 7413 MPs particles obtained from the experiment was calculated to be 225359 μm².

Conclusion: Our study has shown that foods prepared on plastic cutting boards contain microplastics in sizes that
pose a risk to human health. Furthermore, cutting on plastic cutting boards increases the amount of MPS particles,
which never decompose in nature, thus endangering the environment. The best way to protect both human health
and the environment is to identify the source of the problem and take action to stop the use of plastic cutting boards.
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Introduction
The primary reason for plastics being present in many
areas of our lives is their wide range of applications and
their high resistance to deterioration. Despite their high
resistance, when exposed to factors such as UV radiation
from sunlight, physical abrasion, the oxidative effect of
the atmosphere, and the hydrolytic property of seawater,
they can become brittle and break down into smaller
pieces, dispersing into the environment when they reach
the end of their lifespan or are turned into waste (Moore,
2008; Rainieri & Barranco, 2019; Tirkey & Upadhyay, 2021).
It is also known that although plastics break down into
various sizes of small particles or monomers due to
external factors, none of the commonly used synthetic
polymers can be biologically degraded, and as a result,
they accumulate in the natural environment rather than
decompose (Barnes et al., 2009; Geyer et al., 2017). Plastic
particles ranging from 1 μm to 5 mm in size are considered
to be microplastics (MPs). Detecting and identifying these
MPs, which are found in nature and even in food, can
be quite challenging. To overcome these challenges and
identify MPs, many methods have been developed (Besley
et al., 2017; Lopes et al., 2022; Lusher et al., 2017; Scopetani
et al., 2020). Increasing research has shown that MPs can
be found in various areas such as oceans, lakes, rivers,
fish, aquatic and terrestrial invertebrates, and soil (Çullu
et al. 2021; Ivleva et al., 2017; Pongon & Owen 2020; Xie et
al., 2023; Zheng et al., 2023). It is stated that in Europe, a
30% recycling target is aimed at plastic packaging (Plastics
Europe, 2023). The existence of efforts and plans for the
control and management of large-sized plastics through
recycling methods is promising. However, it is difficult
to hold the same hope for MPs that are already found
in soil, oceans, rivers, all habitats, and even in human
feces (Arthur et al., 2009: Andrady, 2017: Yadav et al.,
2022). Old and used MPs that accumulate in nature can
absorb organic pollutants and heavy metals. This situa-
tion increases the harm to living organisms (Dong et al.,
2020; Gao et al., 2019; Koelmans et al., 2013; Liu et al., 2019;
Wagner et al., 2018; Zhou et al., 2018).

The presence of MPs, especially in human feces, is evi-
dence of the ingestion of MPs for various reasons. In a
study evaluating approximately 15% of the calorie intake
of Americans, the annual consumption of MPs by an aver-
age person is estimated to range from 39,000 to 52,000
particles, depending on age and gender (Cox et al., 2019).

When inhalation is included in these estimates, the num-
ber of particles intakes rises to around 74,000 and 121,000
(Cox et al., 2019). What could be the sources of MPs that
we do not want in our bodies but ingest through various
means? The presence of so many MPs in feces indicates
that we not only obtain MPs from the air but also from our
food. If there is a possibility of MPs being present in every
food, from ready-made meals to the food we prepare in
the kitchen, finding out how MPs are incorporated into our
food and which processes introduce plastic into our food
would be the first step in solving the problem.

MPs were found in food products such as meat, chicken,
and fish that were cut using plastic cutting boards com-
monly used in food retail businesses (De-la-Torre, 2019:
Habib et al., 2021; 2022). In some studies, it has been
demonstrated that chopping on plastic cutting boards
results in the contamination of food with plastic using
a plastic cutting board in a laboratory setting. Mixing of
the MPs with the food was achieved, and unlike previous
studies, we quantified the numbers, sizes, types, and
areas covered by the MPs introduced into the food during
the chopping process. The objectives of this study were:
i) to determine the number and characteristics of MPs
that mix with the food when the chopping process is
performed using a plastic cutting board and to identify
the percentage of fragments that pose a health risk; ii) to
calculate the numbers, types, and sizes of MPs introduced
into the food, drawing attention not only to their poten-
tial threats to human health but also to the dimensions
of environmental pollution. This study was conducted to
determine the effects of the MPs produced using cutting
boards on human health according to their size and to
reveal their harm to environmental health due to their
numerical abundance and increased surface area.

Material and Methods
Samples

In homes, restaurants, and supermarket butcher sections,
food is mostly cut on a plastic cutting board. This exper-
iment was conducted to observe the MPs loaded onto
the food during the chopping process on plastic cutting
boards in terms of their number, shape, size, and area
during the food preparation stage. Two different types of
plastic cutting boards sold in supermarkets were used
in the experiment. The white plastic cutting board (Low
Density Polyethylene =LDPE), size: 285×190×9 mm), one
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of the two different plastic cutting boards, is a product
commonly used in households, as well as in businesses
such as butcher shops, supermarkets, delicatessens, and
restaurants. The pink (a mixture of PVC, PP, PE, PET, PS,
CPE plastics) plastic cutting board (size: 345×245×2 mm),
on the other hand, is a product sold for use in household
kitchens, owing to its thin build.

During the experiment, codes WB-1, WB-2, and WB-3 were
used for the white cutting board, and codes PB-1, PB-2,
and PB-3 were used for the pink cutting board. A knife
with a wooden handle was used for the chopping process.
The bench where the study was conducted was cleaned
with cotton cloths suitable for MP research before the
experiment. Nitrile gloves and cotton aprons were worn
during chopping. All materials used in the experiment
were provided in metal and glass. During the experiment
preparation phase, all items to be used, such as 250 cc
beakers, Petri dishes, forceps, measuring spoons, glass
pipettes, distilled water bottles, and paint bottles, were
washed with pre-filtered pure water and alcohol, wrapped
in aluminum foil, and made ready for the experiment. A
control group was prepared to determine if any contami-
nation was present. An ethanol added petri dish was left
in the laboratory open during each cutting procedure to
identify potential environmental contamination. After the
cutting process was completed, filtration and Nile Red
staining were also applied to the ethanol in the petri
dish. After examining the control group, only two MP (one
fragment, one particle) were detected in the control petri
dish.

Extraction of the MP

While selecting the foods to be used in the experiment, ef-
forts were made to identify a food that would completely
dissolve without leaving any organic residue. Through
preliminary trials, it was observed that a small amount of
lamb muscle yielded the best results; hence, lamb meat
was chosen for the experiment. Considering the conven-
tional process of food preparation, the cutting of the meat
was simulated with 100 knife strokes. In the experiment
coded as WB-1: 2.18 grams of meat were cut, in WB-2:
1.84 grams, and in WB-3: 1.58 grams; in PB-1: 1.80 grams,
in PB-2: 2.38 grams, and in PB-3: 1.87 grams. The chopped
meats were each placed in separate beakers, filled with a
pre-prepared and filtered 10% potassium hydroxide (KOH)
solution, sealed with aluminum foil, and left in an oven
at 50°C for 24 h until completely dissolved (Prata et al.,

2021). The samples were filtered using a vacuum filtration
system with GF-A (1.6 μm pore size glass fiber, 47 diameter)
filters. After the filtration process, they were washed with
hot water, soaked in 10 ml of acetone for 5 min, and then a
sufficient amount of Nile red prepared in ethanol (0.1 mg/
ml) was added to cover 1 cc of filter paper. The samples,
left in Nile red for 10 min, were washed again with 10 ml of
acetone and placed in a Petri dish, covered with another
Petri dish, and left to dry in a dark environment (Meyers
et al., 2022). After the filtration stage of all the samples,
the equipment used was cleaned with hot water, soap, and
filtered pure water before proceeding to the next filtration
process. Upon completion of the filtration and staining
processes for all experiments, a total of six Petri dishes
experimental results were obtained. To observe the glares
on the dried filter papers, a wooden box painted black
on the inside was designed, incorporating a 470 nm LED
light, and images were taken using a Pentax K-7 camera
at ISO 100 with an orange filter (Prata et al., 2019). Next,
the images (Figure 1) were used in the program ImageJ. For
the automatic quantification and characterization of the
shape and size of the fluorescent MPs, the Microplastics
Visual Analysis Tool MP-VAT 2.0 macro was used. Further-
more, using circularity (varying from 0 for elongated
shapes to 1 for perfect circles), categories such as fiber
(0.0–0.3), fragments (0.3–0.6), and particles (0.6–1.0) were
roughly defined. The program also given the largest and
smallest dimensions of the particle, presented as Feret
(Prata et al., 2019; 2020). In the images, pieces that were
larger with unusual glare were checked for plasticity with
a hot soldering iron, and only one sample (Figure 1: PB-3)
was found to consist of fat. Only the x and y axes were
found in image-j and were removed from the size calcu-
lations. Data file created by the ImageJ- program Tool
MP-VAT 2.0 macro Analysis, Excel was used to evaluate the
analysis results on some parameters such as Feret, min
Ferret and Area.

Raman Spectroscopy

The types of plastic cutting boards were determined
using Raman spectroscopy. A custom-built micro-Raman
system was used to excite the samples with a 532-nm CW
laser (Novanta Photonics gem 532) and collect the signal
from the samples, via a 100X NIR objective (NA=0.7). The
excitation laser beam is focused to a spot of ~0.8 μm in
diameter on the sample placed on an XYZ piezo stage. The
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Figure 1
Filters in which the fluorescent reflection of the MPs obtained because of the experiment is visible.

same objective collects emissions. The 1800 g/mm grating
provided a spectral resolution of ≈0.6 cm⁻¹.

Results
Raman spectroscopy results

Raman spectroscopy is a useful tool to provide both
chemical and structural information about the materials,

as well as the identification of substances through their
characteristic Raman ‘fingerprint’ (Sarcan et al., 2014;
2023). The plastic types of the white and pink cutting
boards were analyzed using Raman spectroscopy. The
Raman spectra of the boards are given in Figure 2.

Compared to that of the white cutting board, strong
fluorescence on the spectrum of the pink board was ob-
served under the characteristic vibrations because of the
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Figure 2
Raman spectra of the white and pink board, plastic types: PVC (polyvinyl chloride), PP (polypropylene), PE (polyethylene), PET (polyeth&
ylene terephthalate), PS (polystyrene), CPE (chlorinated polyethylene) LDPE (low density polyethylene).

Table 1
Observed and valid Raman shifts for the pink board and comparison with the possible microplastics from the literature.

This study (cm-1) From literature (cm-1) Assignment Microplastic Reference

686 690 stretching vibration mode of C–Cl PVC Ludwig et al., 2018

811 808-811 rocking vibration mode of CH₂ group PP Yang et al., 2012

844 841-845 rocking vibration mode of CH₂ group PP Yang et al., 2012

1091 1096 a ring vibration mode PET Tong et al., 2016

1460 1458 CH₃ asymmetric bending vibration mode PP Andreassen, 1999

1580 1583 skeletal stretch mode PS Vieira et al., 2023

2800-3000 2800-3000 multi-mode vibrations band PP-LDPE-CPE Feng et al., 2023

presence of the additional paint in the pink board. The
observed characteristic vibration modes are marked and
given in Table 1 and Table 2 for the pink and white cutting
boards, respectively. The possible related materials were
identified by comparing them with those of the possible
MP literature given in Tables 1 and 2. It revealed that the
white cutting board was made of low-density polyethyl-
ene (LDPE), while the pink cutting board was found to be
a mixture of several plastics (Figure 1). The variation in the
types of plastics used for chopping food implies diversity
in the types of plastics entering the human body.

Plastic cutting board experiment results

Experiments were conducted to reveal the amount and
size of the MP mixed into the food cut on a plastic cutting
board. The MPs obtained from the meat cut on the plastic
surface were counted in the Image-J computer program.

Their distributions were determined based on the fiber,
fragment, and particle types, along with their respective
diameters and areas. As a result of the experiment, it was
found that there is an average probability of ± 1235.5 MPs
(Min-Max: 175–2193) being mixed into the food sample cut
with 100 knife strokes on the plastic surface. The numer-
ical distribution and detailed values of the MP counts
based on fiber, fragment, and particle types from the con-
ducted experiments are shown in Table 3.

According to the results obtained, in all repetitions of the
experiments, the numbers of fibers (range: 5-160 pieces)
were lower compared to fragments (range: 19-439) and
particles (range: 151-1594), and the numbers of particles
were higher compared to other types (Figure 3). Because
of the cutting of food on the plastic surface, it has been
determined that the food is most contaminated with par-
ticle-type MPs.
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Table 2
Observed and valid Raman shifts for the white board and comparison with the possible microplastics from the literature.

This study (cm-1) From literature (cm-1) Assignment Microplastic Reference

1062 1062 C-C asymmetric stretching vibration mode LDPE Nava et al., 2021

1128 1129 C-C symmetric stretching LDPE Nava et al., 2021

1295 1295 twisting and wagging vibration mode of the CH2 LDPE Nava et al., 2021

1440 1440 twisting and wagging vibration mode of the CH2 LDPE Feng et al., 2023

1460 1460 bending vibration modes of the CH2 bonds LDPE Feng et al., 2023

2847 2846 CH2 symmetric stretching vibration mode LDPE Feng et al., 2023

2880 2881 CH2 asymmetric

stretching vibration mode

LDPE Feng et al., 2023

Table 3
Fiber, fragment, and particles white cutting board (WB.1&3) and pink cutting board (PB.1&3) obtained from the photographs taken from
the test plates using the software.

WB-1 PB-1

Max Feret (μm) Area (μm²) Max Feret (μm) Area (μm²)

n Range Mean ±SD Range Mean ±SD n Range Mean ±SD Range Mean ±SD

Fibers 160 133-2115 465±404 4 −1684 105±242 19 175-3102 1024±1017 5-2230 425±621

Fragments 439 68-1250 185±130 1-710 16±49 74 69-1210 214±215 1-437 29±76

Particles 1594 53-2330 143±136 1- 2273 16±74 357 54-753 159±126 1-308 18±36

Total 2193 47967 450 16673

WB-2 PB-2

n Max Feret (μm) Area (μm²) n Max Feret (μm) Area (μm²)

Range Mean ±SD Range Mean ±SD Range Mean ±SD Range Mean ±SD

Fibers 38 147-3878 824±950 4-3839 318±792 107 127-5231 575±764 3-3095 154±436

Fragments 181 69-2554 326±383 1-710 16±49 346 72-1378 238±227 2-649 35±90

Particles 732 55-2659 199±240 1-2425 42±169 1370 56-1374 156±147 1-815 20±53

Total 951 59690 1823 56617

WB-3 PB-3

n Max Feret (μm) Area (μm²) n Max Feret (μm) Area (μm²)

Range Mean±SD Range Mean±SD Range Mean ±SD Range Mean ±SD

Fibers 124 303-4371 611±0,448 43-2321 160±249 5 533-3529 1436±1207 82-2,560 700±1062

Fragments 355 131-0,608 233±68 9-42 18±9 19 140-2779 622±606 5-1681 168±387

Particles 1342 55-280 97±37 1-9 3±2 151 88-1043 278±201 3-0491 49±78

Total 1821 30373 175 14039

The number of MP pieces as well as the sizes of these MPs
that may be mixed with the food are important. Among
the obtained size values, "Feret" values were considered
as the limiting dimension that restricts entry into tissues.
Accordingly, when categorized according to the largest
diameter, no MP pieces were encountered in the 1-50 μm
range in the samples. The found MPs pieces were observed
to be larger than 50 μm. In the range of 50-110 μm, a
maximum of 922 pieces (in WB-1) were counted (Table 4).

Figure 3
Fiber, fragment, and particle numbers of MPs, obtained in the
experiment.
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Table 4
Number of MP pieces obtained in the experiment according to
their sizes and percentage.

Size (μm) WB.1 WB.2 WB.3 PB.1 PB.2 PB.3 Total Total %

50-110 922 380 908 200 855 25 3290 44.3

110-150 436 130 310 71 280 22 1249 16.8

>150 835 441 603 179 688 128 2874 38.7

Total 2193 951 1821 450 1823 175 7413 100

Figure 4
Percentage distribution of MPs according to the piece size.

This number exceeds 40% of the total 2193 MP pieces
obtained only in WB-1. However, proportionally evaluated,
it is observed that approximately 50% of the total MP
pieces count in WB-3 falls within the 50-110 μm range. In
the 110-150 μm range, Min: 22 and Max: 436 MP pieces were
counted. For > 150 μm, there are at least 128 and at most
835 pieces (Figure 4).

The area information of the obtained MPs was also con-
sidered in the results of our experiment. Results of six
repeated experiments, we identified 7413 pieces of MPs.
This number is the number of MP fragments resulting
from 600 knife blows. According to this, 12 pieces were
revealed for each knife stroke. We observe that the total
area of these pieces, 225359 μm², does not proportionally
increase with the increase in the number of pieces. In
WB-1, we see that an area of 47967 μm² is divided into 2193
pieces, while in WB-2, a larger area (59690 μm²) is divided
into fewer pieces (951) (Table 3).

Discussion
This study identified plastic cutting boards as a significant
source of MPs contaminating our food. According to the
results, when food preparation is done on a plastic cutting
board, there is a possibility of 12 MPs being mixed into
the food with each knife stroke. Although the experiment

was conducted using lamb, there is a risk of MP contami-
nation in any food cut on a plastic surface. Understanding
the extent of this contamination is crucial for informing
consumer choices. The number of MPs resulting from our
study may be different from those of previous studies
(Habib et al. 2021; 2022) The reason for the different
dimensions and numbers of parts in the experiment is at-
tributed to the cutting force and angle applied during the
chopping process (Luo et al., 2022). The important result
of the study is that the use of a plastic surface during the
chopping process contaminates the consumed product
with a considerable number of MPs during food prepara-
tion. MPs mixed into food have been expressed in terms of
particle size or grams in some previous studies (Udovicki
et al., 2022). Our purpose in this study is to investigate the
size of MPs mixed into food to reveal the risk to human
health while also highlighting how the resulting particle
count accelerates the MP load.

Cox et al. (2019) reported the numerical value of the MPs
found in human feces. Due to their chemical properties,
plastics taken into the digestive system are expected to
be excreted without being digested (Lu et al., 2019). How-
ever, the size of the MPs may change the situation. MPs
larger than 150 μm exhibit no absorption, whereas those
smaller than 150 μm show absorption in the lymphatic
system. Specifically, MPs equal to 110 μm are absorbed
in the portal vein, and particles equal to or smaller than
20 μm gain access to organs (Lusher, 2017; Yuan et al.,
2022). According to the experimental results, it is observed
that at least 28% and up to 66% of the MPs mixed into
our food are MPs pieces smaller than 150 μm. When MPs
of such small sizes reach the stomach during digestion,
they can encounter digestive enzymes and stomach acid,
causing their weak bonds to break down and potentially
penetrate cells, shrinking to sizes smaller than 50 μm.
Pollutants that damage mucosal cells and disrupt their
defense barriers often cause gastrointestinal diseases.
When MPs reach the intestines, they provide a surface
area for various bacteria to colonize, and films can even
form on plastic surfaces (Lu et al., 2019: Tamargo et al.,
2022). This disrupts the intestinal microecology, damages
the mucosa, and increases inflammatory processes (Wang
et al., 2025).

In a study conducted on the feces of a human community
living in coastal areas, where the majority of their diet
consists of fish, it was reported that they encountered
various types of plastics, with the highest prevalence of
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high-density polyethylene (HDPE), polystyrene (PS), and
low-density polyethylene (LDPE) plastic types (Luqman et
al., 2021). According to the results of our experiment, the
type of MPs in feces is expected to vary based on the
plastic content of the cutting board used by individuals.
In our study, it was determined that the plastic cutting
boards were LDPE and mixed (PP, PVC, PS, PET) types. The
use of plastic cutting boards or the performance of cutting
on plastic surfaces leads to a significant amount and
different types of MPs entering human food that cannot
be ignored. Performing the chopping process on plastic
surfaces poses a threat not only to human health but also
to the environment. These MPs, created by breaking down
a whole into smaller pieces by humans, are secondary
plastics.

In terms of environmental pollution, the numbers, areas
covered, accumulation rates, and ratios of MPs are con-
sidered. Natural factors such as sunlight (UV), salt water,
and temperature variations (seasons) weaken the bonds
of plastic polymers, causing them to break into smaller
pieces (Moore, 2008; Tirkey & Upadhyay, 2021). While it
takes years for a plastic whole to break into smaller pieces
in nature, individuals performing chopping processes on
plastic surfaces can accelerate this process to a few
minutes. In our study, it was found that one person can
generates during food preparation an average of 1235.5
pieces/day (total area/600 knife blows=375.59 μm²/day)
of MPs whit using plastic cutting board in a day. If at
least a million people worldwide perform this process, it
would result in the creation of 1,235,500,000 pieces/day
and 37559000 μm²/day of plastic load. The rate at which
plastics disintegrate into MPs and the surface area the
broken pieces can reach was highlighted by calculating
based on just one million people to draw attention and
create awareness. Although the exact number is unknown,
the number of businesses and households using plastic
cutting boards is certainly well beyond a million world-
wide. By using plastic cutting boards, we not only cause
MPs to enter our food but also affect other living things
by accelerating the accumulation of MPs in nature. The
reason why we draw attention to the number of MPs and
their surface area is that when MPs enter natural environ-
ments such as sea, lake or soil in nature, they have the
potential to affect the bacterial population of the envi-
ronment in which they are found in terms of quality and
quantity (Wang et al., 2023) More studies are needed on

the relationships between MP and bacterial community in
terms of both human and environmental problems.

Conclusions
This study highlights the potential risks of plastic cutting
board use to both human health and environmental
pollution. Raising public awareness about the potential
harm plastic cutting boards can cause to food and the
environment is the first step toward reducing the harm
they can cause both to themselves and to the environ-
ment. It is important to remember that the cheapest and
easiest way is to take precautions before problems arise
or escalate. Therefore, legislators should consider devel-
oping food safety protocols regarding food contact with
plastic surfaces in the food sector and restricting the use
of plastic cutting boards. Alternative cutting surfaces such
as glass, bamboo, and porcelain should be developed and
expanded to replace plastic cutting boards, and public
awareness should be raised on these issues. Furthermore,
further research is needed on MPs and their effects on
human health.
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