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Abstract

Although microplastics (MPs) in solid organic waste have been intensively studied, the
presence of MPs in organic fertilizer and their potential as new emerging pollution to
environment because of their use in agriculture has not been explained completely.
Therefore, the identification and quantification of MPs in commercially available com-
post is important. This study aimed to estimate the quantity of MPs in commercial
composts. The characteristics of MPs (shape, color, size, and type of polymers) were
identified. This study found that MPs in commercial compost samples were found,
reaching up to 160 particles/200 g of compost with various colors (blue, black, red, yel-
low, and white). The identified MPs had various sizes (0.1-1 mm) and shapes (81.8%
fragment, 16.2% fiber, and 2% filament). The findings of this study are very important
and significant to inform community and policymakers regarding the presence of MPs
in commercial compost, hence, their intensive use in agriculture must be controlled and

careful.

KEYWORDS
compost, environmental pollution, microplastics, organic fertilizers

Previous studies reported that MPs were detected in many com-

post products, including municipal biowaste compost (Prosenc et al.,

Microplastics (MPs) are tiny plastic particles less than 5 mm (0.2 in.)
in diameter (Sathish et al., 2022). MPs are one of the main contribu-
tors to environmental pollution (Bao et al, 2022). Due to their very
small size, MPs can easily be carried by water and wind (Aini et al.,
2022); thus, they can massively spread in environments such as wet-
lands, lakes, seas, and soil (Deng et al., 2023; Nirmala et al, 2023).
The emergence of MPs has received considerable critical attention
(Alimi et al, 2022). In farming soils, the presence of MPs is associated
with the use of organic fertilizers (Zhang, Li, et al., 2022). MPs were
found in conventional agricultural land (Piehl et al., 2018), resulting
from the application of compost made from organic trash, livestock
manure, and biosolids (Hernandez-Arenas et al., 2021). Annual use of
compost reaching up to 4.07 million tons in agriculture and horticul-
ture in Germany is estimated to contribute 817 tons of MPs (Blanke,
2020).

2021), solid organic waste and organic compost (Zhou et al., 202 3), and
rural domestic waste (RDW) compost (Gui etal, 2021). Moreaver, total
amount of MPs in the composting field located in northeastern Spain
was 10— 30 particles/g at five sampling sites (Edo et al., 2022). In addi-
tion, 6433 + 751 particles/kg M Ps of green compost were found in the
organic wastes of Kaunas and Alytus regional waste management cen-
tersin Lithuania (Sholokhova et al., 2022). Another research indicated
that the long-term implementation of compost on maize fields in China
contaminated 3.63 x 109 to 4.99 x 109 particles/ha (Zhang, Wang,
et al., 2022), whereas maize is usually used as a food source for human
consumption. These studies show that MPs strongly negatively affect
the agricultural environment. Thus, MPs in agricultural and compost
environments become interesting and important to inspect.

The properties of MPs in organic fertilizers are mostly influenced
by their feedstocks (Rynk et al., 2022; Tang, 2023). The production

Environ Qual Manage. 2024;1-10.
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of fertilizers, which mostly involves aerobic composting and anaero-
bic digesting, significantly impacts the enrichment of MPs (Zhang, Li,
et al., 2022). In several aerobic decomposition studies, the addition of
plastics resulted in fragmentation, which was linked to a substantial
increase in particle number (Andrady et al., 2022; Chamas et al,, 2020;
Dimassi et al., 2022; Liao & Chen, 2021). Furthermore, MPs can gener-
ate strong free radical reactions in the highly oxidizing environment of
aerobic decomposition (Xing et al., 2022). Hydrolysis is added during
anaerobic fermenting, resulting in the brittleness and fragmentation
of plastics; however, the resultant plastic fragments do not completely
vanish (Hale et al., 2022). The presence of MPs in the compost has the
potential to cause soil contamination (Vithanage et al, 2021). Previ-
ously, MPs were reported in compost from various countries, such as
southeastern Mexico and southern China (Pironti et al., 2021). It was
revealed that it is possible that MPs can be consumed by humans at
the same time as the consumption of agricultural products (Zhou et al,,
2023). MPs can infiltrate the human body via inhalation and consump-
tion of food and beverages. Consuming food contaminated with MPs
can cause various immune system-related issues, including immuno-
suppression, immune activation, and aberrant inflammatory responses.
In addition, it can cause stress, reproductive toxicity, and developmen-
tal problems (Wu et al., 2022). Consequently, additional research is
required to investigate the potential effects of MPs on the environment
and human health through more rigorous clinical investigations.
Enhancing soil fertility may be achieved using organic fertilizers,
as opposed to chemical fertilizers, due to their higher organic carbon,
nitrogen, and phosphorus content. Organic fertilizers are generally
composed of animal dung or bacterial wastes, which are abundant in
organic materials and plant nutrients, hence contributing to improved
soil guality (Schwinghammer et al., 2020). However, these feedstocks
frequently contain MPs (Rynk et al, 2022) and MPs experience a
sequence of conditioning, breakdown, and processing steps that typi-
cally concentrate and enrich them in the final products. But threshold
wvalues for plastics are frequently absent, particularly for MPs concen-

trations in organic fertilizer (Braun et al., 2021).

Enhancing soil fertility may be
achieved using organic
fertilizers, as opposed to
chemical fertilizers, due to
their higher organic carbon,
nitrogen, and phosphorus
content

Insufficient data is describing the composition and distribution of MPs
in organic fertilizers, limiting our understanding of the contributions

of these fertilizers to soil pollution. In addition, the use of these fer-

tilizers varies significantly across provinces based on their unigue
environmental and economic conditions. There is an imperative need
for additional research to characterize the MPs in organic fertilizers
and control MPs contamination on farmlands. Thus, this study aimed
to estimate the abundance of MPs in compost. The findings of this
study are crucial to inform community and policy makers regarding the
presence of MPs in commercial compost. Therefore, intensive use of

compost cantaining MPs in agriculture must be minimized.

There is an imperative need
for additional research to
characterize the MPs in
organic fertilizers and control
MPs contamination on
farmlands.

2 | MATERIALS AND METHODS

21 | Materials

The compost used in this study was purchased from a local agricul-
tural store (Stand Flamboyan, Pamekasan City, East Java province,
Indonesia), and the compost brand was Kompos Organik. Chemi-
cal, 30% hydrogen peroxide (H,O;) (UN2014), was purchased from
Kimia Farma company (Pamekasan City, East Java province, Indonesia).
Classification of compost with multiple raw materials with a com-
plex compaosition (a mixture of manure and agricultural waste) often
contains additional ingredients.

Stainless with a mesh size of 5 mm is used tofirst filter compost sam-
ples by removing leaves, roots, and other larger debris to facilitate the
extraction of MPs. Filter stainless, 300 mesh for second stage filtration
used to be carried out after the sample is centrifuged for the identifica-
tion stage. Distilled water is used to rinse the sample after it has been
placed in a strong acid solution. This research also uses glass equip-
ment, including glass beakers, measuring flasks, pipettes, glass bottles,
vials bottles, glass stirrers, Petri dishes, and mortar. It also uses alu-
minum foil for containers in drying ovens and covers for glassware.
Some label paper is also needed for sample indication. A strong acid
solution, H; O3, breaks down and releases organic matter from the MPs
samples (Aini et al, 2023; Putrietal,, 2023).

Stainless with a mesh size of
5 mmi is used to first filter
compost samples by removing
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leaves, roots, and other larger
debris to facilitate the
extraction of MPs. A strong
acid solution, H,0O», breaks
down and releases organic
matter from the MPs samples

2.2 | Sampling method

The instrument used to collect the 50 g sample compost was a glass
beaker with a diameter of 9 cm, and then first filtered using a stain-
less with a mesh size of 5 mm and second filtered using a stainless
with a mesh of 300. Four multiple raw materials (same brand) used in
this study were taken, namely sample 1 (C1), sample 2 (C2), sample 3
(C3), and sample 4 (C4). This brand of compost was chosen because
it is often used by farmers, which is very crucial since MPs have the
potential to contaminate the soil and be absorbed by roots. Another
selection criterion is the availability of compost which can be easily
purchased. The remained materials on the filter were mixed with 30%
H,03 solution and dried at room temperature for 1 h. The solution
of HyO; was used to degrade any organic residue so that targeted
MPs could be freely from organic residue before observing by using
a microscope. The method applied for MPs extraction from the com-
post sample was an adjustment of the method for extracting MPs
from organic-rich environmental matrices (Zhang, Li, et al., 2022). The
physicochemical properties of the organic fertilizers were similar to
those of organic-rich soil and livestock manure, so the dried and sieved
organic fertilizer samples were subjected to sequential flow separation
and density flotation extraction for the identification of MPs (Corradini
etal., 2021).

The method applied for MPs
extraction from the compost
sample was an adjustment of
the method for extracting
MPs from organic-rich
environmental matrices. The
physicochemical properties of
the organic fertilizers were
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similar to those of
organic-rich soil and livestock
manure

23 | MPs identification

Rinse water from a stainless filter, 300 mesh is lowered into a Petri
dish, for MPs identification. The microscope with 40x magnification
used in this study was Trinocular Digital Ways Dw-tc-y Black Edition,
Kaisi Rotation LED Lamp K-DO56 for microscope, and 51-megapixel
microscope camera connected to Samsung Smart TV 32. Under the
microscope, the sample was counted while its shape, size, and color
were carefully observed. Following, the MPs samples were analyzed
using fourier transform infrared spectroscopy (FTIR) Thermo Scientific
Nicolet i510 to characterize a type of polymer. The selection of the
FTIR was made due toits simplicity as amethod for identifying the type
of polymer by examination of its vibrational spectrum, which exhibits
distinctive characteristics for each polymer type (Xu etal., 2019).

3 | RESULTS AND DISCUSSION

3.1 | Number of MPs

The presence of MPs and their characteristics observed in this study is
presented in Exhibit 1. The total number of MPs found was 160 parti-
cles while incompost. It is noted that the MPsin C1,C2, C3, and C4 the
MPs found were 58 particles/50 g, 48 particles /50 g, 41 particles/50 g,
and 13 particles/50 g, respectively. Surprisingly, the number of MPs in
the C1 compost was found to be the highest compared to the others.
It is important to first understand the raw materials for composting to
determine MP contamination in the compost.

It is important to first
understand the raw materials
for composting to determine
MP contamination in the
compost.

The findings of this study support previous works that also observed
the presence of MPs in compost produced by using different materials,
which are municipal biowaste compost (Prosenc et al., 2021), munici-
pal organic waste, and garden and greenhouse waste (van Schothorst

et al, 2021). The average contaminations of MPs in compost were
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EXHIBIT1 The presence of microplastics (MPs) in compost.

Sample Shape Number of MPs
Cc1 Fragment (52) 58
Fiber (&)
c2 Fragment (31) 48
Fiber (14)
Filament (3)
C3 Fragment (35) 41
Fiber (&)
C4 Fragment (13) 13

Color Size (mm)
Blue, black, red, white, and vellow 0.1-1
Black, red, and white 0.1-1
Black, red, yellow 0.1-1
Red, yellow 0.06-0.6

EXHIBIT 2 Comparison of the characteristics of microplastics (MPs) in compost in Indonesia and other countries.

Sampling Number/weight Size (mm) Shape Polymer Reference
Compost, Indonesia 13-58/50g 0.1-1 Fragment, fiber, Polyethylene terephthalate (PET) Present study
and filament
Compost, Spain 5-20/g <5 Fragmentand Polyethylene, polystyrene, polyester, (Edoet al., 2022)
polypropylene, and polyvinyl
chloride
Compost, China 2400 + 358/kg 0.05-5 Fiber, film Polyester, polypropylene, and (Guietal,2021)
polyethylene
Compost, China 2-34/50g - Fiber and Polypropylene and polyethylene (Wu etal., 2021)
fragment
Compost, China 1500-6615/kg 0.5-1 Fragment, fiber, Polypropylene, polyethylene, and (Zhangetal, 2023)

2800 + 616 particles kg~! and 1253 + 561 particles kg1 of com-
post for municipal organic waste and from garden and greenhouse
waste, respectively. An alternative study also reported that MPs were
identified in chicken manure , sludge , and domestic waste composts
with the number of particles of 14,720 + 2448, 8600 + 1428, and
11,640 + 3565 particles kg1, respectively (Zhang, Wang et al., 2022).

3.2 | Size of MPs

Sizes of MPs particles found in this study are shown in Exhibit 1. The
current study found that identified MPs in compost have various sizes
ranging from 0.06 to 1 mm. At C1, C2, and C3 MPs sizes measure
around 0.1-1 mm, meanwhile, at C4, the sizes are 0.06-0.6 mm. It
is witnessed that the bigger MPs are found at C1, C2, and C3, com-
pared to C4. It is noted that smaller MPs have higher toxicity because
they can easily be absorbed by the roots, impacting the inhibited
nutrient uptake, reducing biomass, and contaminating fruit (Roy et al.,
2022).

Exhibit 2 presents a comparison with other prior efforts. The size
of MPs observed in the previous investigation conducted on compost
exhibited a range covering from 0.1 to 5 mm. For instance, in the
study conducted in Spain (Edo et al., 2022), MP sizes are not larger

than 5 mm, while in China, the sizes are 0.05 to 5 mm (Gui et al.,

polyethylene terephthalate

2021), and 0.5-1 mm (Zhang et al., 2023). The latest findings on MPs
contamination originating from compost and its subsequent use in
soil brought attention to the possible consequences of micropollutant
transfer from compost (Le et al, 2023). Specifically, MPs accumula-
tion in soils has been shown to have an impact on three key markers
of soil health, namely, soil microbiological, chemical, and physical char-
acteristics (Chia et al., 2022; Zhang, Wang et al., 2022). Therefore, the
high-risk M Ps sizes for the plant, especially for the root, photosynthetic

pigments, and biomass are below 3 um.

3.3 | Shape of MPs

The identification of MPs shapes obtained from compost is provided
in Exhibit 3. Generally, there are three shapes of MPs, fragment, fiber,
and filament. In compost, 8 1.8% of fragments, 16.2% of fiber, and 2% of
filament were found. Similarly, several previous studies have reported
that fragments and fibers are the predominant MPs morphologies in
agricultural soil, thereby introducing this form of MPs into arable soil
(Liu et al., 2018) and indicating that organic fertilizers contributed
to the contamination of farmland soils with MPs (Yu, Song et al,
2021).

Previous work reported that the fiber shape of MPs was observed
in municipal solid waste compost (Edo et al.,, 2022) and RDW compost
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EXHIBIT 3 Microplastics (MPs) shapes of (a) fiber and blue, (b) fragment and yellow, (c) fiber and black, and (d) filament and white-red. [Color

figure can be viewed at wileyonlinelibrary.com]

(Gui et al., 2021). The fragment shape of MPs particles was also found
in livestock and poultry manure compost (Wu et al., 202 1). It indicated
that fiber and fragment shapes are easy to find in compost. Mostly, in
composting, fragment shape was generated by the breakdown of larger
pieces of MPs. Plastic fragmentation from larger size to smaller size,
MPs, can occur in aerobic and anaerobic composting processes and
other processes depending on environmental conditions (Zafiu et al.,
2023). However, most of the MPs in organic fertilizers consisted of
finer particles. Plastics are extremely difficult to degrade, and the pro-
duction cycle of organic fertilizers (40 days) is frequently inadeguate.
Thus, MPs fragmentation during the production of organic fertilizer
may be as significant as projected, and 0.1— 1 mm plastic dominated the
samples.

MPs in compost had various shapes due to the different sources of
plastic waste that contributed to compost production. The shape of
MPs in compost was influenced by the mechanical crushing, anaero-
bic, and aerobic processes involved in composting (Premarathna et al,,
2023). The dominant shapes of MPs in compost samples were found to
be fragments, fibers, and films (Sholokhova et al., 2022). These shapes
were likely derived from plastic bags, packaging materials, and other
plastic waste that entered the composting process (Vithanage et al.,
2021). The presence of different shapes of MPs in compost highlighted
the diverse types of plastic waste that were being processed and the
potential for these MPs to contaminate the soil when the compost was
used as a fertilizer (Schwinghammer et al., 2020).

34 | Color of MPs

Red was the most dominant color of the MPs found in compost, that is,
30, 29, and 8 particles, respectively, in C2, C3, and C4. In C1, the most
dominantis yellowwith 38 particles detected while in C3 is yellow with
16 MPs particles second dominant. The color of MPs found in the pre-
wvious study was white and blue (Yu, Zhang et al.,, 2021). In China, Yang,
Kang et al. (202 2) witnessed MPs in transparent and white. Meanwhile,
white, blue, and red were the colors of MPs found in Indonesia (Aini
et al.,, 2023; Putri et al., 2023). Also in Brazil, the colors of MPs were
transparent, red, and blue (Dantas Filho et al., 2023).

Color mayalso represent the presence of MPs in compost. Considering
that plastics can degrade under environments with rich organic matter
presented in Exhibit 3, MPs were categorized into five primary hues:
red, yellow, blue, black, and white. These color categories were gen-
erally compatible with those reported by a wide number of research
(Bertoldietal, 2021; Grbic et al., 2020). Considering that plastics read-
ily age in high organic matter conditions (Xiao et al, 2021). Yu, Zhang
et al. (2021) also reported white MPs were the most prevalent in sam-
ples of fertilized soil, followed by blue MPs. The color of MPs may
indicate their origin and the presence of contaminants, their colors can
transform because of degradation and residence time in the terres-
trial (Campanale et al,, 2023). For example, white MPs are abundant
in agriculture and orchards, which frequently require organic fertiliz-
ers (Chai et al., 2020). Furthermore, the color of MPs is closely related




ISWAHYUDI 1 AL

‘L WiLEY

Te
|
|
[

3

e wEEe |

EXHIBIT 4 Fourier transform infrared spectroscopy (FTIR)
spectra for microplastics (MPs) detected in C1, C2,C3, and C4
(identified as polyethylene terephthalate for all). [Color figure can be
viewed at wileyonlinelibrary.com]

to the contaminants on their surface. For example, black MPs are
frequently associated with higher quantities of organic contaminants
(Crawford & Quinn, 2017) than other MPs colors. Clear MPs had sig-
nificant effects on the environment. It posed a threat to the ecological
balance, water environment, food sustainability, and safety, ultimately
impacting human health (Oleksiuk et al., 202 3).

Materials such as anthraquinone, which could be produced quickly,
had color intensity, and were transparent, were used to create yel-
low. Anthraguinones were frequently used in polymers including
polypropylene (PP), polystyrene (PS), low-density polyethylene (LDPE),
high-density polyethylene (HDPE), polymethyl methacrylate/acrylic,
polycarbonate, polybutylene terephthalate, and polyethylene tereph-
thalate (PET). In addition to yellow MPs, red MPs were found.
Anthraguinone, which had medium to high color intensity and trans-
parency, wasthe most common red pigment. This pigment was typically
incorporated into PS, PP, LDPE, and HDPE polymers. Triphenyl-
methane, azo, anthraguinone, perylene, and indigoid were interesting
and widely used categories of dyes, which were also the main focus of
the study by (Fleischmann et al., 20 15) because these compounds had

a broad range of applications.

3.5 | Polymer type

The chemical components and arrangement of macromolecules deter-
mine the physical characteristics of polymeric materials. Numerous
spectroscopic techniques are currently available to examine these
properties, and FTIR-spectroscopy is one of the most popular tech-
nigues due to its versatility in determining composition; conseguently,
the polymer type can be determined by comparing the FTIR spectra of
the polymer to the library data. Exhibit 4 shows the FTIR spectra of all
compost-analyzed MPs.

It is interesting to note that the FTIR spectra for MPs from compost
at local agriculture stores (see Exhibits 4 and 5) have similar charac-
teristics. For samples C1, C2, C3, and C4 (see Exhibit 4), a peak in
wavenumber 3316 cm™1, 1636 em~!, and 1033 em~1; 3336 cm 1,
1636 cm~1, and 1031 cm~1; 3288 cm~1, 1636 ecm~1, and 1033 cm~;
and 3284 cm~1, 2119 cm™!, and 1031 cm~?! are related OH group
(hydroxyl), stretching of C = O of carboxylic acid group, terephthalate
group (OOCC4H4-COQ), methylene group, and vibrations of the ester
C-O bond, respectively, and they are the typical characteristics of PET
(Kankanige & Babel, 2020; Mei et al., 2022; Pereira et al., 2017; Putri
et al,2023).

Exhibit 4 demonstrates the polymer composition of MPs inthe com-
post from a local agricultural store. This study found that there is one
type of polymer, namely PET. PET is the most often used polymeric
polyester. PET polymers are extensively used in the manufacture of
textiles, clothes, and wool (Islam et al., 2020). It was hypothesized that
the PET inthe compost came from village household garbage (Gui et al.,
2021). PET is a clear polymer with excellent mechanical qualities and
dimensional stability under varied loads (Wang et al., 2018). Moreower,
PET offers excellent gas barrier gualities and chemical resistance. PET
isa material with good physical qualities and recycling capability (Asen-
sioet al., 2020). It accounts for about 18% of all polymers manufactured
globally. More than 60% of its output is for synthetic fibers and bot-
tles, which accounts for around 30% of the worldwide demand for PET
(Padhan et al., 2013).

3.6 | Possible impacts of MPs on compost for
human health

Generally, MPs entered the human body concluded three main routes,
namely—ingestion (via food and water), inhalation (indoor and outdoor
air), skin contact (via personal care products, dust, and textiles), and
dermal contact (Blackburn & Green, 2022; Prata et al., 2020). Human
contact with MPs could cause physical and chemical toxic effects. The
type of particle and individual susceptibility might have influenced the
adverse effects. Their physical effects might have had varying impacts,
including increased inflammatory response, oxidative stress, cellular
damage, and size-related toxicity (Prata & Dias-Pereira, 2023). There-
fore, this section was organized based on the health effects caused by
MPs incompost.

The acceptance of MPs in plants has been detected and plastic
particles are especially absorbed on root hairs (Azeemetal., 202 1). Fur-
thermore, MPs can observe on terrestrial plant surfaces, be absorbed,
and transported by plants, and accumulate in the edible parts of plants,
leading to the possibility of enhancement and transmission through
the food chain and threatening human health (Li et al, 2020; Wang
et al, 2022). However, the fundamental mechanism remains unclear.
To calculate the impact of MP on humans, measurements were made
of particles that might have entered the body through agricultural food
according to the scenario described by Mor et al. (2021). This model
probabilistically simulated MPs concentrations in the gut, body tissue,
and feces, allowing validation against empirical data. From the find-

ings of Aydin et al. (2023) in detecting MP in most consumed fruits
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EXHIBITS5 Comparison ofthe Fourier transform infrared spectroscopy (FTIR) data in compost and other studies.

Polymer

Polyethylene terephthalate (PET)

WILEY 12

Reference

Present study

PET (Pereira etal., 2017)

PET {Putriet al,, 2023)

PET (Kankanige & Babel,
2020)

PET (Mei etal, 2022)

Sampling Wave number (cm-1)

Compost, Indonesia 3.315 1.636 1.033
3.288 1.636 1.033

PET Composites, Brazil 3.323 1.713 1.089

Salt, Indonesia 3.352 2915 1.692
3.336 2.915 1.643

Bottled water, Thailand  2.982 2.906 1.285

Teafilter bags, China 2.885 2.852 1.295

and vegetables from Turkey, total 210 particles (29 + 1.6 particle
g~1) MPs found in eight fruits and vegetables samples. If the main
route of exposure to humans was through food consumption, then
the estimated intake was 39,000—52,000 plastic particles/person/year
(Mercogliano et al., 2020). Meanwhile, the average intake level of
MPs (1-5000 um) was 553-883 particles/capita/day (Nor et al,
2021). While definitive evidence linking MPs consumption to human
health was lacking, studies suggested that MPs could have provoked
immune and stress responses, induced reproductive and develop-
mental toxicity, and increased the risk of chronic inflammation and
neoplasia (Yang, Man et al., 2022). Further research was needed to fully
understand the potential implications of MPs in compost on human
health.

4 | CONCLUSION

The objective of this was to estimate the number and characteristics
of MPs in compost. The results indicated that the total number of MPs
was 160 particles/200 g in compost. This study found that MPs were
identified in compost with the colors of red (43.75%), yellow (38.13%),
black (8.75%), white (8.75%), and blue (0.62%). The size MPs ranged
from 0.06 to 1 mm and the shape of MPs was dominated by fragments
(81.87 %), fiber (15.36%), and filament (1.88%). FTIR analysis clarified
that the types of polymers were PET. In general, this study has suc-
cessfully identified the presence of MPs, and findings of this study are
significant particularly to improve community awareness about MPs
present in compost. Future research must be performed to develop a

simple MPs removal in compost.
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Abstract

Although microplastics (MPs} in solid organic waste have been imensively studied, the
presence of MPs Inorganic fertillzer ad thelr potential as new emerging polition ta
environment bacause of thelr use in agnicuiture has not been explaiead completely.
Theretore, the identification and quantification of MPs in commercially avallable com-
post s important. This study amed to estimate the quantity of MPs in commercial
compasts. The characteristics of MPs (shape. color, size, and type of pofymers) were
identified This study found that MPs in commerdial compost samples were found,
reaching up to 160 par tickes/200 g of compost with varsows colars (biue, black, red yet-
low, and whitel. The klentifled MPs had varlous slzes (0.1-1 mem) and shapes (818%
fragment, 16.2% fiber, and 2% flament), The findings of this study are very important
and signdicant to intorm community and policymakers regarding the presence of MPs
n commercialcompost, hence, their intensive use in agricuituee must be controledand

carefuld

KEYWORDS

1 | INTRODUCTION

Micreplastics IMPs| are tiny plastic particles less than & men (0.2 in)
in ciameter (Sathish et &l 202210 MPs ane one of the main contribu
tors to environmental pallution @ao et b 2022| Due 1o thelr very
arail size, MPs can casiy be carried by water and wird (Ainl et al,
2022% tun they cim reely spread in e b as vt
kands, lakes, seas, and soil (Deng et al, 2023 Nirmata et ak, 2023},
The emergence of MPs has recelved corsderable oritical attention
(&l et al. 20221 In farming soils. the presence of MPs is associated
with the use of organic lertlilzers (Zharg, L, et al, 2022} MPs were
found In comertional agricdtural land |Pehl et &, 200H], resutting
from the application of compost made from orgardc trash, lvestock
manure, and bicsoilds [Hernandez-Amnas et &, 2021). Aol use of
compont resching up o 407 milion teew in agnedture and hoarting
ture in Germaovy |s esaimated 1 contribute B17 tans of MPg (Blanke
2000,

corgost, envicanmers ot poluton micropiastics, organic fertikeers

Provious studes reported that MiPs werse detected in many com-
(Prosenc et al,
2024, solid crganic waste and o anic compest (Zhou et al, 202 3, and
s domeestc waste |[ROW) compost [Gul etal, 202 1) Moreover, tota
amaunt of MPg in the composting fkeld kcated in northesstern Spain
was 10- 30 particlesq at fhve sampling sites (Edo & al, 2022). In addi-
tion, 6433 4 751 perticke sk MPs of green compust werefound in the
orgarec wastes of Kauras and Alytus reponal waste managoment cen-
ters i Lithuania (Sholokhova et &, 2622). Another research Indcated
that the lnng-term wole ment athon of compoast on naize fidds imChina
contaminated 363 x 105 to 499 x 109 particles/ha (Zhang. Warg,
et al, 2022), wheress maize s usually used as 2 food source for human
consumption These shudies show that MPs strongly negatively alfect
the agricultur 3 ervironment. Thus, MPs in agncultural and compost
snvFonmerst beccme intsredog ard mpartant toirsgect

The properties of MPs in organkc fertilizers are mostly Influerced
by thesr feedstocks [Ryrk et al, 2022 Tang, 2023). The production

pout products ding Funicipal b ™

,-mu-m-m by und ined sy

e 202 WikiyPuriedestillC | 1
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of fertilfizery, which mosthy involves serobic composting and anaero-
bic digesting, signiicantly impacts the enichment of MPs (Zhang, L4
et b, 2022) I wevernl aerobic decomposition studies, the addition of
plastics resutod In tragmentation, which was linked to 2 substantia
e reass in partitie number (Ardrachy ot al, 2022 Crames et al, 2020
Dimmsi et &, 2001 Liso & Chen, 2021} Furthermore, MPs can gerer-
ate strong free radiGal reactions in the ghly cxiciing emdronment of
aerobic decompostion (lrg e al. 2022), Hydrolysis is added during
anaerobic fermenting resulting n the brittleness and fragmentaticn
of plastics. L the iesuitant pliotic frag du rot canpletel
wanish [Hale L2022 The presence of MPs in the compost hims the
potential to cause soil contamination (Vithanage et al, 2021) Prew-
oundy, MPy wrre reporied in compost from varions courdries, ach m
soudbwastern Mexico ard southern China (Prorti et o, 202 1) it wn
revedked that it is possible tha MPs can be consumod by huimans &
the same time @ the conssmption of agrioutural products (Zhou et al.
20231 MPs can indltrat e the human body wa inhalation and conaump-
tian of food and beverapes. Conuuming food cortaminaind with M
can case various immune syt es-refated issues, inchading imewno-
SUPONESSION IMMUnEe A LVAtion, and DerTan NNIMmatory responses
In addition, # con o stress, reproduact e toicity, and developmen-
tal probless (Wu et al, 2022, Consequently, additiornal research &
regured to irantigat e the potetial efoc by of MP1on thearnironewnt
and buman health through moes rigorous dinical investigatioes.

Enhancing sail fertilty may be adieved wsing organc fertilizers,
as opposed to chemical fertiiers. due to their higher organic arbon
retrogen, and phosphoris ontent. Organke fortioers e generally
componed of animal dung or becterid wastes which arc abundant in
organc materials and plant nuirients, hence comtributing to imorowed
<ol quality (Schwenghamemier ef al, 2020} However, these heedstocks
freoumntly cordan MPy [Ryek ot 3l 2027] and MPs mepenence §
sequence of conditioning. breakdowr, and processing steps that type
Cally corcertrate axd entich them in the firal peoducts. St tveshold
walue for plostics are frequenty stment. particulady for MPs concen-
trations in organic fertibzer (Braun et al, 2021

Enhancing soil fertility may be
achieved using organic
fertilizers, as opposed to
chemical fertilizers, due to
their higher organic carbon,
nitrogen, and phosphorus
content

Insufficient dota s describiog the composition and distribution of MR

i orgaric fertilioes, limting cur understandieg of the wntributions
of these fertilizers to sol polluthon In addiion the use of these ter-

lilieers varies sign¥icontly across provinces based on dweir unique
nvircnmental and economic conditions. There Is an Imperative need
lor additioral research to characterize the MPs in orgaric fertibzers
and control MPs contamination on farmbncs. This, this study aimed
[ ¢ e aburd of MPs in e Thee firdirgs of thin
study pre crucial tordurmeammunity and poiicy makers regarding the
presence of MPs in commescial compost. Theretore intensive use of
comeont oorr mrsng MPs in agricutture must be memimiced

There is an imperative need
for additional research to
characterize the MPs in
organic fertilizers and control
MPs contamination on
farmlands.

2 | MATERIALS AND METHODS
21 | Materials

The compost wsed In this study was purchased fram 3 local agricud
turd store (Stand Flambovan, Pamekasan City East lava provinee,
donesial and the compost brand wos Kompos Crgarsk. Cremi-
tad, 30 Prpdrogen peroice [H,0,| (UN2DL4), was purthased from
KimiaF arma compurry [ Pamekasan City, East lsvaprownce, Indunesa|
Ciassification of compost with multiple raw materisis with 2 com-
phex compontbon (3 midure af marure and agricuMurs waste) often
contalns acddtional ingredents.

Stanless witha mesh sise of 5 mm lsused ta first liker compost sam-
ples by removing leaves, roots, and other larger debris to facilitate the
etraction of MPs. Filter stainkess, 300 mesh for second stage fivration
i to be carmed cut pfter the sample s cortrifuped for the identifica-
ton stage. Dist Bed water s used to rinse the samgle after it he been
placed in a strong acid sohution This research dso wses glass equip-
ment, including glass beabers, mesuring Rasks, pipettes, gloss botties,
sids bottles, glass stirrers, Petrl dishes. and morta. It ako uses alu
minum foil for containers in dryieg owers and covers for glassware.
Some label paper s ®so neaded for sample indicstion. A strorg aod
sclution, Hy 0y, breaks down and releases organic matter from the MPs
samples (Mrv et al, 2023 Putrietal, 2020

Stainless with a mesh size of
5 mm is used to first filter
compost samples by removing
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leaves, roots, and other larger
debris to facilitate the
extraction of MPs. A strong
acid solution, H,0, breaks
down and releases organic
matter from the MPs samples

22 | Sampling method

The istrument used to collect the S0 g sample compost wns o gl
beaker with a dameter of % cm and then first filtered wsing 3 stainr
bess with a mesh size of 5 e and second flltered using a stainkess
with a meskiod 300, Four mudticle raw materiab (same brared) usedd in
this saudy were taken, namely sanple 1 (C1) samgle 2 (C2), sample 3
(€3, and sewgle 4 (CEL T Erand of wae ch -

it is oiten wed by formers. which is very crucial snoe MPy have the
potentis to contaminate the soil and be absorbed by roots. Another
selecton criterion is the avalablity of compost which can be sasily
purchased. The rerained matedals on the fiter were ovised with 305
Hy Oy solubion and dried i reom teepersture for 1k The sclution
of H;0; was used to degrade any crganic residioe so that terpeted
MPs could be frecy from organic reddue before observing by using
a mucrnsropn. The method apelied for MPs extraction from the com-
post sample was a0 adpstmedt of the method e extractiog MPy
from af ganicvich ervdnonmenta mavices (Zhang, Ui, et 4., 20221 The
physicochemical properties of the crparic fertilizers were similsr to
1hose of organic-rich saill and IMestock manure, so e dried andskeved
ceganc furkze bjncted ta k2l fow L
and density fiotation extraction for the iderific ation of MPs (Corradin
etal, 1)

The method applied for MPs
extraction from the compost
sample was an adjustment of
the method for extracting
MPs from organic-rich
environmental matrices. The
physicochemical properties of
the organic fertilizers were

WiLEy 12
similar to those of

organic-rich soil and livestock
manure

23 | MPs identification

Rinse water from & stalnless fiter, 300 mesn |s lowered into a Petrl
dsh, for MPs idendfication. The microscope with 40x magreScation
waed In thes shucky was Trinonular Dightad Was Dwete-y Black Edtion,
Kalsi Rotation LED Lame X-D0S& for microscope, and 51-megapsel
mecroscope (amera connected to Samasurg Smort TV 3. Uncer the
microarope, the sample was counted while [ts shape, shze, and calor
were Grefully obeerved Following the MPs samples were analyzed
werg murier trarctorm indrared spectroscopy FTIR] Thermo Scientific
Nicolet iSI0 to charactertze a type of polyner. The selection of the
FTIR was made due to its smoilcty a5 amethod for identifing the Type
of polymer by examination of it vibrational spectrum. which eshibits
destingtive characteristics bor ach polymer type (Xu et al, 2015

3 | RESULTS AND DISCUSSION
31 | Number of MPs

The presence of MPs and their characteristics observed in this saudy is
presented i Exhibit 1. The total number of MP% found was 160 partl-
thes whibe In compost 1t ksnoted that the MPsin C1,C2.C3 and Cd the
MPs found were 58 partickes/ S0 g, 48 partiches /50 g 41 partickes/50 g,
and 13 pantiche/50 g resped ey Supisingly, the ruesber of MPyin
the C1 compost was found to be the hghest compared to the others.
1t ks important to first understand the aw materials for comeosting to
detormine MP contaminason nthe compost

It is important to first
understand the raw materials
for composting to determine

MP contamination in the
compost.

The Hincings of this study support presious works 1hat abo observed
the presence of MPs in compost produced bry using $ferent materials,
which are mursciped biowmste compost (Prosenc et al, 202 1), munic-
pal crgaric wasin, 3red garden and groerdase wacte (van Sohahorst
et A, 2021) The sverage cortami w of MPy in compont were
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EXHIBIT1 The presence of micropiastics IMPs) in

compost.

ey

Fragrem (22
Fibar (&)
Fragrem (31
Flowr14)
Filament |3
Fragrem 05
Fiowr (&)
Fragrem {13

c1

41

Slue, blach, red whits, e pellow

Back, red and white

Biack, red yelow

EXHIBITZ Covparsonof the cheracleristics of mi

13-58/30¢

Compost, Indomea Fragnent. fiber,  Folpethviene terephthalate FET) Prasot udy
nd Slamant
Conguit, Spin 5200 <5 Fragment and Pohrottwtens, polestyeone poyecter,  (Edoet i, 2037
fiber pedypicqviens, ad polyvinyt
chiorle
Conrpost, China 2400 4 3580 a05-5 Fibser, Fubpester. polviropsienc axd m!l.m:ll
wn_-iwl_-
Coengost. Ching 2340509 - Fibor and Folyprogykne snd poyetiylure (sl 2001
Iragmend
Conpost, China 1500 6615M%g 25-1 Fi Lfiber, ol & sty bane and hangetal, 20231

2B00 + 61 particles kg ! and 1253 & 541 particles kg~ of coer
post for municipal organic waste and from garden and greenhouse
waste, respectivedy. An alternative study also reported that MPs were
idant ifed i cdhvchen manure , dudge | ewd dumestic wasis campusts
with #e number of particies of 14,720 = 2448, B600 = 1428, ard
11,540 = 3565 partickes kg -, respectively [Zhang, Warg et 3l 2022},

3.2 | Size of MPs

Sizes af MPs partiches found in this saudy are shown in Exbibit 1. The
current sturky foured that ident ifed M in commpont Fuve yarious arm
rangng fram 006 to 1 mm. At CL, C2, and C3 MPs s2es measure
around O.1-1 mm, ewarwhile. at C4, the s2es are 0.06-05 mm It
& witnessed that $he bigger MPs are found at C1, C2, and C3, comr
paredto C4 B | noted that smaler MPs have higher toaty Because
they 1 eniy be abwrbed by U roots, impating the nfsbited
rutrient uptake, reducing blomass, and contamérating frudt (Roy et al,
2002}

Exhbkt 2 presents o comparison with other prioe efforts. The sice
of MIPs oterved In the greviows investigation corducted on compost
exhibited 4 range covernng from 0.1 Lo 5 mes For instance, i the
study conducted in Spain (Edo et al, 2022). MP gaes are not larger
than 5 mem while In China. the S2es are D05 to 5 mm (Gul ot al.

ﬂ;l-"olﬂﬂ teriphthadany

2025), and DS-1 mem (Zhang et 3£, 202730 The latest findings on MPs
contaminaticn originating from compast and Its subseauent use In
sl brought attention to the possible conseguences of micropoliutant
rander from compost (s et of, 2027, Specificaly, MPy scosmade
ton in sols has been shown o Rave an Impact an three key mackers
of soit heakth, namesy. soil microbiclogical, chemical and physical char-
scterintios (Chin et 8, 2072 Thare. Warg ot al, 2027]. Theredorwe, the
high-risk MPs slaes for theglant especially for the root, photosynthetc
Mgmeots, and blomass are below 3 gm

313 | Shape of MPs

The identiflcation of MPs shapes obtained from compost b provided
i Exhbit 3 Gererally, there are three shages of Mg, fragment fiber,
and flament. In compost, B LE% of fragments. 16.2% of Niber, and 2% of
(Famemt were fourl, Sl arly, soverd previows studa heve reported
that fragmeris anc fibers are the predominant MPs morpholog les in
agricukurai soil, thereby introdudng this form of MPs into arable sol
Liu et &, 20181 and Indicating that orgarse frtlizeny cont ibuted
10 the contamination of farmland solls with MPs [Yu Sorg et &,
024,

Previous work reported that the fiber shape of MPs was observed
In muncipal solid waste compest |[Edoet al. 2022) and RDW compaost
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figure can be viewsd ot wileyorbnedibrarycom|

(Gui et @, 2021} The fragmerd shape of MP3 pertcies win also fours
in |vestock and poultry marwre compost IV et f, 202 0 0t indicated
that fher md fragment shapes are easy to fnd Incompost. Mosthg In
composting fragrrerd shupe ws geneeated by the breslocimwn of Lrger
peeces of MPS Plastic fragmertation from larger size to smaller siee
MPs Can otour inaerobic and sraerobic composting processes ard
other procmses depending on environmesvsl corditiorn (Zafin et al,
) Howesver, most of the MPs in organic ferslizers corsied of
finer particlo Mastics are sxtremeby difficut to degrade and the pro-

cuction cythe of orgarsc fertifizers (40 days| is frequerdly madequate
Thus, MPs Iragmetation during the production of organic Pertilizer
may beas sigrvlicant o pojected, and0 1- 1mm plastic comiruted the
wyrrples

MPa in compost had veriows shspes due to the differemt souroes of
plastic woste that contrbuted to compost production. The shape of
MPs in comoost weas indluenced by the mechanical crussng. ansero-
be, el merobic prooesses invelved in composting (Premarmbea et al
20201 The domirart shapes of MPs in compost samples evre found to

b ragmens, Aters, ond flms CSholobhove et o, 3022). These shapes
were likely derived from pbistic bags packaging materials, s gaher
plastic waste that entered the composting process -.'Wl‘lmap_'!.
2071) The presence of d@vrect shapes of MPs in coemoont higHlgbred
the diverse types of plastic winte that were being processed and the
potemtia for these MPs to contamenste the sall when thecompost v
wried g9 @ fert Biper (Schwerghammer et al, 20200

Microplasticos (MPs) shapesof () Sher andbiue, (bl fragment and yellow, Ic) fiber andbiack, and {0 flament and white-red [Collor

34 | Color of MPs

Red was the most domsrant color of the MPs found in compond, that is,
30, 29, s Bparticles, respmctivmly, inC2 C1 and C4 InC 1, the mast
dormenaed is yellowweth 38 porticles detectedwhile in C3 o yllow with
16 MFs particies second donmbnant. The color of M Ps fourd in the pre-
vious study was whie and blue [Yo, Zhegetal, 20010 inChira Yarg
Kang et ol [ 202 2) witrwes sed MPs in trarspacent andwhite, Mesrwisle,
white, Blue. and red were the calors of MPs found in Indoresa [Ars
dad.l : Putrl et 2l 20231 Also in Brazi, the colors of MPy were
trareparent, red, andbioe |Dantas Filho et al. 2027}

Codor may ko represent e presenceof MPs incompost. Considering
that plastics can de grade under ewironment with rich orgonic metter
presented in Exhiba 3, MPs were categuncal into Sve primary hues,
red, yeliow, Blue, Black and wiite. These color talepories were gen-
eratty compabible with those reported by o wide mumber of resesrch
ertoidietal, 2077 Gebed ot pb X020 Correderirg that plashics read-
by age in high organic matter conditions [Ximo et al. 20211 Yu, Zhang
et al. [2021) a0 reportec white MPs mere Ihe most prevalent in <am
pes of fertiliced 108, followed by blue MPy. The color of MPs may
rchcals their origin and the presence of contamirants, ther colers can
irarnform bacaune of degradstion e resaleres lime in the terree-
trind (Compuanale et 3l, 20270 For mumple. white MPs e sbundant
N agriculbure and archargs, which requently requre organkc fertilis-
ers |Chai et &, 20201, Furthermaore, the color of MPs s tlosely reated
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EXHIBIT 4 Fourer transferm infrared spectroscopsy IFTIR|
spectra for microplastics IMPyJdetected m C1 CIICS ancd C4
(idertfied m pobyet hylere teresivthalate foralll. Figure con be
wiewed 3 wieyonlneibeary.com|

1o the conksssrums on thar surtace. For euergle, Badk MPy are
freguently asoclaed with higher quanbties of onganic ortaminants
(Cramford & Quirn, 2017) than other MPs colors. Clear MPs had sig-
rificant efects on the environment. It posed a threot to e scologics
balarce, water emvironment, food st arabiity, and safety, ult mately
v tirgg Fume heabhiOlcoiuk et ol 2003

Materialy such s athragquinore, which coudd be produced quickly
had color intensity, and were transparont, were used o creste yelb
lewe Arvibracpannnes were used i polyeess irciuding
polyprogyiene |PPL polystyene(PSl, potyettrlene LDPEL
Figh-density palyeihyiene (HOPE|. colviettnyl methacryliteGorplic
polytarbonste, polviutylene terephthalmte, and polvethyiene tereph-
thalae (FET). In additln to yellow MPs, red MPs were found
Ardhraguineews, which hud medium to high calor ntawty and trane-
parency, was the most c dpig This pigment was typically
incorporated o PS, PP, LOPE, and HOPE palymers. Trighenyl
methane, am. anthragunone, peryiene. o indigoid were imteresting
and widety imed catepories of dyes, which were 2iso the main foous of
the study by (Fleischmarn ot . 2015) because these compounds had
abroad range of apphcstiors.

35 | Polymer type

The chemeal comp ard arrarge of matromoieodes deter-
mine the physical characteristics of polymenc materiak Numerows
spectrstopic techescues are currently avaniable to examine these
properties, and FTIR-spectroscopy is one of the mast popular teche
néQues Oue 10 IS wersatilty In cetermning composTion; conmeguently
the polymer type cn be determined by comparing the FTIR spectra of
he pilymer to the library data. Exhibit £ shows the FTIR spectra of 3l
compont-arnayred MPs.

It s imteresting tn note that the FTIR spectra for MPs from compost
at loca agriosture stores (see Exhibits 4 and 5) have similar charac
teristics. For samples C1. C2. €3, and C4 [see Exbibit 4L a prok in
wavenumber 3316 cm™ 1435 am~! and 1033 om Y 333 om 7Y,
1436 e !, and 1031 em}; 3288 em Y, 1434 ew !, and 3033 e
wd 3284 em~t, 2119 cm, and 1051 ow ! are related OFH group
Frpdrocg), stretching of C = O of carbarylic acid group, terephthaiate
proup DOCC M, -CO0), met ylere group, sd wibratiors of the ester
C-0bond, respectivedy and they are the typical charactenstics of PET
Manhanige & Babe, 2020 Mei et al, 2022; Pervira et d 2017, Putn
et al, 2023)

Exhibit £ gemonstrates the polyaser compasition ol MPs inthe com-
ot frnm a local mricubural store, This stucly fnund that there js ane
type of pobymer, ramely PET. PET is the most often used polymeric
poiyesier. PET polymers are exlershely wed n e manadactre of
femtibes, chothes, and wool (Islamet al. 20200 H way hypothesiced that
the PET inthe compost came from village howsehald garbage (Gulet al.,
H021) PET in s clear polymar weth secsllant mecharicsl gasliting snd
dmensonal stability under varied loads Wang et o, 2018 Moreower,
PET offers escellert gas barmier quaities and chemecal resstance. FET
mamaterial with good physical quatities and recytfing coapubslity (Asen-
woot @, 20200 It accounts for about 18% of 2l podymers manutactured
globally, Mors than 0% of il output is for synthetic Sber e bot-
thes, which accounts for asround 30% of the worldwide demand for PET
Padran et al, X017

36 | Pessible impacts of MPs on compost for
human health

Gerwrally, M srtored the burran body corcluded theee main routes,

dy —irg! v food and 1 (ndoor and cutdoos
air], skin cordact [via penonal care products dust, and ey, and
fermal contoct [Blckburn & Geeen, 2022; Pratas ef o, 20200 Human
contact with MPs could rause phvysical and chemical toxk effects. The
type of partiche and individus swsoeptibibty might havw influsncosd the
slverse effects. Their physical effects reght have had varying imgects,
nduding Increased Infla ¥ respor Idathee stress, cellular
damage. andd sice-related toxdicity (Prats & Diss-Pereira, 0270 There
lare. this section wis orgarized bamed on the hesith effecty caused by
MPs incampost.

The scoeptance of MPs i plarts has been detected and plastic
particles are especially absorbedon roat hakrs (Azcem et al, 202 1) Fur-
thermare, MPs can obmerve on berrestrial plant sirtnces, be absorbed,
nd transported by pfants. and sccumulate inthe editie ports of plants,
heading 0 the possbiity of echancement and tradamision ough
the food chan and threatering human bealth (U ot al, 2020 Wang
et al, 2022). However, the fundamentad machaniss remains unchear.
To caludate e mmonct of MP on humans, memarements were made
of particles that might huwe entered the body through sgricuitural food
accordng to the scenario described by Nor et 2 |2021) This mode
probabistically simaated MPs pon in the gul, bodky lissiue,
nd Feres, allowing vabdation against empircad data Fraom the find-
g of Apdin ot ok [2027) in detecting MP in most comumad fruits

)
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EXHIBITS Comgarson otthe Fourler transtorm infrared spectroscopy IFTIR| data in compost and other studies.

Compont, Isdumnsa 1318

1z
PET Componites. Rragil - 3328
Sak. o i a 1353
1%

Botded mater, Thilaod 2582

Teafker bags, Chna 288

1434
1638

1915
inms

900

LH52

1033
1033

1492
1643

1295

and wepetables from Turkey totad 200 portickes (29 = 16 particle
£ 1) MPs found In eight frults and vegrtables swmpbos. |1 the main
route of exposure to hirmany was through tood cormumption, then
the estimated intabe was 39,000 52.000 plastic particles/personyenr
(Mercoghiano et a., 20200 Mearwhile, the avermpe intake level of
MPs [1-5000 um) wis 553-883 partideskapitadday Nor et al
20255 Whik definhtive evidence linking MPs consssgtion to human
health wrs lackirg. studes suggested that MPs tould have provoked
imeune and stress responses, induced reproductive sod develop
mertal tosicity, and ecreased the rid of chronie inflammation and
reoplasa [ Yarg, M et 8, 2022), Further ressarchwas reeded to fully
understand the poterstial of MPs in tompast on b
health,

4 | CONCLUSION

The cojective of this was 1o estimate the number and characterktics
of MPyin compost The results indicated that the total rumberof My
wt 360 portichke w200 g in compost This study fourd that MPs were
identifed incompost with the cotors of red |43 75%), vellow (35 13%1,
Black [B.75%) white [8.75%) pod bive [0.62%) The size MPy rarged
from 006 to 1 mm and the shaoe of MPs wis dominated by fragments
(BLET %], fber (15.36%] and Slamert (163%), FTIR analysis carfied
that the types of pokymmes were FET In general, thes study has suc
censfully identfied the presence of MPs, aod findings of this study are
wgnificant particulardy o improve comewrity awareoess about MPy

Patpsthpene serashthalsts PET] Prewent sbudy

PET Pereia etal, 2017)

PET Putri ot W 20270

PET ari aige G Babed,
000

PET et etal 20071
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