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Determination of Microplastics in Rice Beetle, Sitophilus oryzae
(Coleoptera: Curculionidae)

ABSTRACT

This study was done to identify the presence of microplastics in rice beetles
and they are a major problem for the environment and human health in many different
ecosystems. The purpose of this study is to clarify if rice beetles, a common bug linked
to stored grains and a possible sign of food contamination, contain microplastics. A
comprehensive process for collecting and processing samples is part of the study
approach. Rice beetle samples was collected from local rice and stored in glass
containers. During the dissection procedure, special attention was taken to avoid
external contamination. Advanced analytical methods which is Fourier-transform
infrared spectroscopy (FTIR) was used to detect and quantify microplastics.
According to this study, rice beetles consume microplastics in their surroundings,
such as contaminated grain surfaces or packaging materials. Microplastics enter the
human food chain due to consumption such as plastic packaging, endangering
consumers' health. The types of microplastics found in the beetles were identified by
this study as polymethylpentene (PMP), ethylene-acrylic acid copolymer (EAA),
styrene butadiene copolymer (SBC), and ethylene propylene diene monomer
(EPDM). Given the widespread usage of these polymers in packing materials, the
materials and storage methods utilised in grain storage facilities are directly related
to the source of contamination. This study highlights the need for better storage
procedures and strategies to lower contamination by detecting the presence of
microplastics in grains that have been kept. Maintaining microplastic pollution-free
storage facilities can improve food supply safety and quality while safeguarding
consumer health.



Penentuan Mikroplastik dalam Kumbang Beras, Sitophilus oryzae
(Coleoptera: Curculionidae)

ABSTRAK

Kajian ini dilakukan untuk mengenal pasti kehadiran mikroplastik dalam
kumbang padi dan ia merupakan masalah utama bagi alam sekitar dan kesihatan
manusia dalam banyak ekosistem yang berbeza. Tujuan kajian ini adalah untuk
menjelaskan sama ada kumbang padi, pepijat biasa yang dikaitkan dengan bijirin
yang disimpan dan kemungkinan tanda pencemaran makanan, mengandungi
mikroplastik. Proses yang komprehensif untuk mengumpul dan memproses sampel
adalah sebahagian daripada pendekatan kajian. Sampel kumbang beras dikumpul
daripada beras tempatan dan disimpan dalam bekas kaca. Semasa prosedur
pembedahan, perhatian khusus telah diambil untuk mengelakkan pencemaran luaran.
Kaedah analisis lanjutan iaitu Fourier-transform infrared spectroscopy (FTIR) telah
digunakan untuk mengesan dan mengukur mikroplastik. Menurut kajian ini,
kumbang padi mengambil mikroplastik di persekitaran mereka, seperti permukaan
bijirin yang tercemar atau bahan pembungkus. Mikroplastik memasuki rantaian
makanan manusia kerana penggunaan seperti pembungkusan plastik,
membahayakan kesihatan pengguna. Jenis mikroplastik yang terdapat dalam
kumbang telah dikenal pasti oleh kajian ini sebagai polymethylpentene (PMP),
kopolimer asid etilena-akrilik (EAA), kopolimer stirena butadiena (SBC), dan
etilena propilena diena monomer (EPDM). Memandangkan penggunaan meluas
polimer ini dalam bahan pembungkusan, bahan dan kaedah penyimpanan yang
digunakan dalam kemudahan penyimpanan bijirin adalah berkaitan secara langsung
dengan sumber pencemaran. Kajian ini menyerlahkan keperluan untuk prosedur dan
strategi penyimpanan yang lebih baik untuk mengurangkan pencemaran dengan
mengesan kehadiran mikroplastik dalam bijirin yang telah disimpan. Mengekalkan
kemudahan penyimpanan bebas pencemaran mikroplastik boleh meningkatkan
keselamatan dan kualiti bekalan makanan sambil menjaga kesihatan pengguna.
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CHAPTER1

INTRODUCTION

1.1 Background of study

Microplastics are little plastic particles, often with a diameter of less than 5
millimeters. They can be produced on purpose at this tiny size for particular uses, such
in some cleaning or cosmetic goods, or they can be the consequence of bigger plastic
things breaking down because of mechanical action, weathering, and sunshine
(Zhihao et al., 2022).

The relationship between rice beetles (Sitophilus oryzae) and a main food
source makes them an interesting study subject. They are typically found in stored
grains. Given their propensity to infest rice and other grains that have been stored,
these insects might serve as a vector for the spread of pollutants up the food chain
(Sousa et al., 203). In order to assess the possible consequences of consuming
contaminated grains and address the wider ecological ramifications, it is imperative
to determine the level of microplastic contamination in rice beetles.

This study also fits to provide useful information by examining the presence
of microplastics in rice beetles that can be used for the purpose of reducing plastic
pollution in food chain and environmental settings. To sum up, the study's
motivation stems from the pressing need to comprehend and tackle the effects of
microplastic pollution in a significant insect species linked to a staple food supply.
In addition to advancing our knowledge of microplastics in terrestrial ecosystems,
this research has applications in the fields of environmental preservation and food

safety.



1.2 Problem Statement

The possible contamination of food chains and the threats that microplastics
bring to the environment and human health are the issues that the study on the
detection of microplastics in rice beetles attempts to address. Originating from the
break-down of bigger plastic products, microplastics have spread across many
ecosystems as contaminants. Microplastics have been well investigated in marine
habitats, but less is known about how they arise in terrestrial ecosystems (Thushari
et al., 2020), especially when they are present in the presence of agricultural species
likerice beetles.

It is well known that rice beetles (Sitophilus oryzae) infest these primary food
sources since they are frequently discovered in stored grains, particularly rice. There
is a worry that rice beetles might act as carriers of microplastics into the human food
chain due to their relationship with grains that humans eat. The main focus of the issue
statement is the requirement to determine the level of microplastic contamination in
rice beetles, identify the sources of these pollutants, and analyse the possible threats
to ecosystems and public health.

Additionally, a gap in our knowledge of the ecological effects of plastic
pollution is limited by the paucity of thorough data on microplastics in terrestrial
creatures, particularly those implicated in the food chain. Developing practical
methods to lessen the effects of microplastics on the environment and human health

is complicated by this information gap.



1.3 Objectives
I To determine the occurrence of microplastics within the rice beetle.

i To characterize the microplastics within the rice beetle.

1.4 Scope of Study

This study focused on rice beetle (Sitophilus oryzae). This investigation was
carried out in the laboratory. The rice beetle was sampled from glass rice container.
Microplastic characterisation was determined by using Fourier-transform infrared
spectroscopy (FTIR). FTIR is a powerful analytical technique used to identify and
analyze the chemical composition of substances based on their interaction with
infrared light.

The determination of microplastics in rice beetles involves a comprehensive
investigation aiming to understand the presence, sources, and potential impact of
microplastics in these insects. The scope of this study strictly follows the proposed
main objectives for this study, to ascertain if rice beetles contain microplastics and

to characterize the microplastics that are present.



1.5 Significant of Study

This study is to provide an initial baseline data of microplastic types found in
rice beetles. As a consequence, it will increase the knowledge of understanding the
origins and movements of microplastics in terrestrial settings. For the purpose of
creating focused initiatives to reduce plastic pollution, this knowledge is essential.
Henceforth, risk evaluations related to microplastic exposure can benefit from
research on microplastics in rice beetles. The results might direct the creation of
mitigating measures to lessen the effects of microplastics on the environment and
perhaps human health.

Environmental policy and management techniques can benefit from this study.
The information may be used by governmental bodies and environmental groups to
create plans for reducing microplastic contamination in agricultural environments. In
addition, the study raises people's awareness of how widespread microplastic
contamination is. Publicizing the results can help raise awareness among the general
public of the value of ethical waste management as well as the possible repercussions

of plastic contamination.



CHAPTER 2

LITERATURE REVIEW

2.1 Microplastics

Polymers, which are big molecules formed of repeating structural units, are
the raw materials used to create synthetic materials like plastic. Because of its cost-
effectiveness, durability, and adaptability, it has become an essential component of
modern living. Plastics come in a variety of forms, each having special qualities and
applications. Polystyrene, polypropylene, polyethylene, and polyvinyl chloride (PVC)
are examples of common kinds. Polymerization is the process by which
petrochemicals are usually converted into plastics. On the other hand, bio-based
polymers manufactured from renewable resources like cornflour or sugarcane have
been developed as a result of technological developments. Larger plastic items have
the ability to degrade over time into tiny particles known as microplastics (Hassan,
2017). These microscopic particles have the potential to endanger human health and
the environment. They may also find their way into the food chain.

Microplastics are tiny bits of garbage or detritus that are made of plastic and
are less than 5 mm (0.2 inch) in size. Primary and secondary microplastics are the two
different categories of microplastics. The classification of microplastics is different
for primary and secondary types (Browne et al., 2015). Primary microplastics are
directly produced within the micrometer measurement range, and they are likely to
flow from residential or commercial drainage systems and into wastewater treatment
channels. Laundry and washing machine discharges emit a large number of synthetic

fibers into wastewater. Secondary microplastics are created because of continued UV



light exposure, the weathering process, and physical abrasion, as well as meso-plastics
(> 5.0 mm) and macro-plastics (greater than a few centimetres) litter fragmentation
(Gall et al., 2015). In fact, plastic is a UV-sensitive material, and exposure to UV light
can produce oxidative processes that ultimately lead to deterioration, which shortens
plastic's outdoor life. Another important reason for secondary microplastic is
mechanical degradation, which happens when resistance forces that arise during
movement through the various habitats of the environment tear resistant material into

smaller particles (Li et al., 2018).
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Figure 2.1: Occurrence of microplastics

2.2 Effects of microplastics to ecosystem and living biota

Microplastics may affect many levels of biological organisation, ranging from
individual species to entire ecosystems, and can have a wide range of consequences
on ecosystems (Alimba & Faggio, 2019). Fish, plankton, and invertebrates are among
the aquatic creatures that frequently consume microplastics. When microplastics are
ingested and migrate up the food chain, a process known as bioaccumulation may
occur. As a result, predatory animals (including humans) may ingest more
microplastics (Alfaro-Nunez et al., 2021). Microplastics that are ingested can

physically hurt organisms by obstructing digestive systems, causing internal damage,
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or preventing them from eating and absorbing nutrients (Ma et al., 2020).
Microplastics have the ability to penetrate tissues and cells due to their tiny size, which
may result in cellular damage, potential to carry infections as vectors and have the
ability to attract pathogens, which might aid in their movement across ecosystems and
perhaps aid in the transmission of illnesses among living things (Lu K. et al., 2018).

Microplastics' impact on live biota (organisms) can differ according on the
kind of creature, the size and makeup of the microplastics, the length of exposure, and
the particular environmental circumstances (Aragaw, 2021). Plankton and bivalves
are examples of organisms that filter feed and can consume microplastics with their
food. This consumption may result in impaired food absorption, decreased feeding
efficiency, and bodily harm. By eating prey that has previously consumed
microplastics, predatory creatures may unintentionally consume these particles.
Higher trophic level creatures may accumulate larger amounts of microplastics as a
result, a process known as bioaccumulation. Microplastics that are ingested have the
potential to physically damage an organism's internal organs and digestive system.
Microplastics can infiltrate cells due to their tiny size, which raises the possibility of
oxidative stress, inflammation, and other physiological problems (De Sa et al., 2015).
According to some research, hormonal systems in organisms may be upset by
exposure to microplastics, which might have an impact on development and
reproduction (Guven et al., 2018). For animals with intricate life cycles and delicate
reproductive systems, this is especially worrisome. In several species, exposure to
microplastics has been connected to reproductive consequences. This involves
decreased fertility, changed reproductive habits, and aberrant offspring development.
Endocrine-disrupting chemicals and contaminants that adsorb into microplastics are
possible. These chemicals have the ability to disrupt an organism's hormonal balance,
which can impact its ability to reproduce (Mu et al., 2021).

7



2.3 Previous studies

Year Author Previous studies

2023 | Jie Shen, Boying Liang, & | The impact of microplastics on
Hui Jin insect  physiology and the

indication of hormesis.

2023 | Jiangiang Zhu, Pengfei Wu, | Microplastics in  terrestrial
Nan Zhao, Shengtao Jiang, | insects, long- horned beetles
Huayue Zhu, & Hangbiao Jin (Coleoptera: Cerambycidae),

from China.

2022 | Witwisitpong Maneechag & | Occurrence of microplastics in
Taeng On Prommi edible aquatic insect Pantala sp.
(Odonata: Libellulidae) from rice

fields.

Table 2.1: Previous studies on the microplastics in insect

Based on the previous study, there are three journal about effect of

microplastics in different types of insect.



2.4 Description of the rice beetle

In general, the word "rice beetles" refers to the common pest Sitophilus oryzae,
which is scientifically known to affect stored products. Small bugs known as rice
beetles contaminate grains that have been kept, such as rice, wheat, barley, oats, and
other cereal goods (Hunt et al., 2007). The length of an adult rice beetles is only 2 to
3 mm. Their body is oval-shaped and elongated and adult usually have a dark brown
to black body colour. Their wing coverings may feature four different reddish-yellow
patches. The long, thin snout of rice weevils is one of its distinguishing characteristics.
The purpose of this snout is to drill into grains (Stork et al., 2015).

Known to infest a range of cereal goods, rice beetles are a significant pest of
grains that are kept. They can get at the grains that are being kept by penetrating the
packing materials. The egg, larva, pupa, and adult stages make up the rice beetle’s life
cycle. Grains are the larval host of female beetles, whose eggs hatch into kernels. In
order to feed on the inside of grains, rice beetles harm the endosperm in both their
adult and larval phases. Kitchens, food processing rooms, and storage facilities are
vulnerable to infestations of rice weevils because they like warm, humid environments

(McKenna et al., 2009).
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2.5 Roles and feeding guilds of the rice beetle

Sitophilus oryzae, the rice beetles, has specialised functions in its ecological
niche, however many of these functions are deemed harmful when it comes to stored
grains.When it comes to stored grains, such as rice, wheat, barley, oats, and other
cereal goods, rice beetles are mostly considered a nuisance. Food items that have been
kept are contaminated and damaged by their infestation (Longstaff, 1981). The
endosperm of grains is the primary food source for rice beetles, who harm stored
harvests by eating them. Farmers and the food business may suffer financial losses as
a result of this. Food items that are kept may become contaminated as a result of rice
beetle infestations. As a result, neither humans nor animals should eat the impacted
grains. Because of their ability to damage packing materials, rice beetles can enter
stored items and multiply throughout them. This may make the infestation worse and
more difficult to manage. Grain is where female rice beetle eggs are laid. As the larvae
grow, they consume the inner part of the grain while developing inside the kernels.
Although rice beetles are not usually thought of as useful in natural environments,
they might aid in the breakdown of plant matter through their feeding activity in
stored grains (Okram, 1963).

Sitophilus oryzae, often known as rice beetles, are granivores that feed
mostly on grains and seeds. As specialised granivores, rice weevils mostly consume
the endosperm of cereal grains, such as wheat, barley, oats, and rice, as well as other
goods that have been kept. They have specialized mouthparts that allow them to
pierce the grain and feed on the starchy interior. The rice beetles larvae grow inside
the grain kernels. They eat the inside part of the grain, causing serious harm and
degrading the quality of harvests that are kept. Rice beetles are seed predators that
prey on plant reproductive organs, especially seeds. They can result in significant

losses in grain products that are stored. Rice beetles may also be detritivores in their

10



native habitat, aiding in the breakdown of plant matter in the form of grains that

have been stored (Subedi et al., 2009).

2.6 Types of method

Typically, a combination of sample preparation, extraction, and identification
procedures are used in the investigation of microplastics in organisms. Gather rice
beetles from the glass rice container first. Make sure to handle things properly to
prevent infection when collecting. To visually detect and describe the microplastics
in the sample, use microscopy methods like compound microscopy. Use methods
such as Fourier-transform infrared spectroscopy (FTIR) to identify microplastics
chemically. In some subsamples, microplastics may be manually counted

under a microscope.

11



CHAPTER 3

MATERIAL AND METHODS

3.1 MATERIALS
In this study, to determine the microplastics in rice beetles using the following
materials and equipment:

Table 3.1 Materials and apparatus

No. | Purpose Items/ Apparatus

1. | Sampling rice beetles - Tools and glass container

- Analytical balance

- Forcep
2. | ldentification of microplastics on | - Rice beetles sample
external body part of rice beetles - Microscope

- Microscope slide

- Petridish

3. | Digestion of microplastics - Conical flask

- Distilled water

- Hydrochloride acid
- Sodium chloride

- Spatula

- Graduated cylinder

- Aluminium foil

12




4. | Filtering digestion - Whatman cellulose acetate
membrane filter

- Buchner funnel

- Vacuum pump

- Tube

- Filtering Flask

- Drying oven

- Dessicator

5. | Microplastics determination - Fourier-transform infrared
spectroscopy (FTIR)
- Metal needle

- Bunsen burner

3.2 METHODS
3.2.1 Adult rice beetle sampling

Samples of rice beetles were collected from glass rice container. The rice that
was used to sampling rice beetles was the local brand, namely brand A, which is
brand commonly consumed and among affordable. This brand A is one of the most
popular varieties of rice, which is prone to rice beetle infestation. It is well known
that these bugs deposit their eggs inside or on top of rice grains, causing the larvae to
hatch and consume the insides of the grains. It can cause harm and lower the rice's
quality.

The most effective way to rapidly locate many insect species is to search
directly with the hand. To gather rice beetles from rice, the sampling technique that
has been used was hand collecting because the rice beetles are small pest insects. The

total number of rice beetle specimens collected was 3.3g and was separated into three
13




replicates. Rice beetles samples were collected enough to achieve statistical
significance. Then, the gathered rice beetles were moved into tidy, glass containers.
Plastic containers that potentially introduce more microplastics while collecting
insects are kept away. After that, the samples were placed in a laboratory chiller

(5°C- 35°C).

Figure 3.2 Rice beetles that has been collected was 3.3g.

3.2.2 Physical detection of microplastics on rice beetles

Physically inspecting the insects' surface to look for plastic particles is how
microplastics on rice beetles are found. As an alternative, fundamental observations
were made first with a high-quality magnifying lens. Following that, an examination
under the microscope. The identification of the exterior microplastic particles as well

as other particles within the rice beetle body was carried out under a microscope.

14



The microscope was utilised for a closer look. To observe minute particles, set the
magnification setting appropriately. The individual rice beetles is picked up and put
onthe microscope slide and placed under the microscope.

The next step is to identify microplastics. Checks for microplastics is done on
the body's surface, in the legs, and in other appendages. Search for particles that lack
the usual forms, colours, and appearance of organic stuff. Microplastics can be
translucent, coloured, and have unique forms and edges that set them apart from the
beetle's natural characteristics (Kooi et al., 2019). It was discovered that the exterior
body portions of rice beetles had microplastic particles adhered to them. For
instance, based on their size and form, the kind of microplastics, such as fibers, were
found. Microplastic that have been detected on the skin of rice beetle, it will be
removed and kept in a petri dish for further examination, which is hot needle test. To
improve vision and locate any microplastics that could be embedded or partially
buried on the beetle's surface, use a light source. Samples are always handled
properly to reduce the possibility of contamination throughout the inspection
process. To eliminate exterior microplastic particles and other particles, rice beetles
need to be separated from debris and rinse using distilled water. Following that, the

material was allowed to dry.

Figure 3.3 Microplastic that have been found at rice beetle under the microscope.
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3.2.3 Process of digestion & filtration
Digestion:

There are many processes involved in the extraction and identification of
microplastics from rice beetles. Depending on the unique qualities of the sample,
several extraction techniques may be used, and some modifications required. The
rice beetles samples were placed into three replicates of the digestion vessels which
is a conical flask. To separate microplastics and get rid of organic debris, use the
right digesting technique. Digestion methods (enzymatic or chemical) need to be
used to break down organic material while preserving microplastics. For chemical
digestion, hydrochloride acid (HCI) is a helpful chemical. For instance, 5 ml (30%)
of hydrochloric acid (HCI) and 30 ml (4M) of sodium chloride (NaCl) should be
added to each sample. Organic substances are effectively broken down at this
concentration without harming the majority of microplastic kinds. This is because
HCI would effectively break down organic molecules at a concentration of 30%.
Subsequently, the 4M NaCl would support the separation process by maintaining the
solution’s ionic strength stability. After that, the conical flasks need to be covered
with aluminium foil. The samples were shaken for 120 hours or five days in the

laboratory shake and at 25°C to ensure thorough digestion of the organic material.

Figure 3.4 The samples are put in the laboratory shaker to shake for 5 days (25°C).
16



Filtration:

To expedite the filtering process, use a vacuum filtration system. To separate
the microplastics from the digested samples, Whatman Cellulose Acetate membrane
filter paper which has a pore size of 0.2 um was utilised. The filter paper is placed
on the base and clamped to the funnel. Pour the digested sample onto the membrane
filter and turn on the vacuum pump to create a pressure difference that will force the
sample through the filter. For the purpose of getting rid of any impurities or left over
digesting solution, rinse the filter with distilled water for each sample. After that, the
filter was gently taken off of the base without damaging it and put into a petri dish.
Following the filtering process, the filter paper was put in a labeled petri dish in the

oven (47°C) for 2 hours. These filter papers were removed after two hours and

allowed to cool in a desiccator.

Figure 3.6 Filter papers in the petri dish and put it in the oven (47°C) for 2 hours.

17



Figure 3.8 Filter papers were cooled in a desiccator.

3.2.4 Determination of microplastics

Hot needle test:

One easy way to find out if microplastics are present is to use the hot needle
test. This test can assist in determining whether an insect, such as a rice beetles, has
contained microplastics. Microplastics are defined as particles that melt or
significantly alter in form when they come into contact with the hot needle (Zhang
et al., 2020). Non-reacting particles are probably made of organic materials or other
non-plastic materials. First, a metal needle is closed with microplastic particles after
being heated to a suitable temperature. Verify that the needle is hot enough and
close to the pieces. After then, examined how these microplastic fragments
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responded to the heat. For instance, the fragments melt, which indicate the presence
of microplastics in rice beetles. This is due to the fact that plastics have very low

melting points and will exhibit distinct reactions to the heat applied by the needle.

Fourier-transform infrared spectroscopy (FTIR):

Fourier-transform infrared spectroscopy (FTIR) is a method used to evaluate
the presence and composition of microplastics. The produced microplastic samples
are then analysed using micro-FTIR. A tiny portion of the microplastic sample is
exposed to infrared light when it is placed on the FTIR device. The obtained

spectrum provided information regarding the chemical makeup of the microplastics.

In the laboratory, the model of Nicolet™ [Z10 FTIR Spectrometer was
utilised. For instance, 32 co-added scan repetitions with a wavelength of 4000-500
cm-1 and a spectral resolution of 4 cm-1 be employed for the measurement of
attenuated total reflectance (LATR) mode. After that, OMNIC software will be used

to examine the graph.

Figure 3.9 Use FTIR to evaluate the presence and composition of microplastics.
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3.3 RESEARCH FLOW CHART

Rice beetles sampling

€ The sample of rice beetles need to be collected from glass rice container.

Y4

Identification of rice beetles
¢ A compound microscope should be used for the identification.
€ The sample was collected, cleaned of debris, and rinsed with distilled water

to get rid of further particles and exterior microplastic particles.

A4
Digestion of microplastics
€ Each sample has to have 5 ml (30%) of hydrochloric acid (HCI) and 30 ml
(4M) of sodium chloride (NaCl) added to it.
€ Aluminium foil needs to be placed over the conical flasks.
¢ Samples were placed in a laboratory shaker and agitated for 120 hours, 5
days (25°C).

b

Filtration
€ Use formic acid and Whatman Cellulose Acetate Membrane Filter Paper
(0.2 um pore size) to filter the mixture.
€ The sample must be filtered using a vacuum pump.

2

After that, the filter paper was put in a labeled petri dish in the oven (47°C)

for 2 hours.

b

Microplastics determination
€ Hot needle test - Pieces that melt or curl indicate the presence of
microplastics.
€ Fourier-transform infrared spectroscopy (FTIR) - 32 co-added scan repetitions
with a wavelength of 4000-500 cm-1.

Figure 4.0 Research flow chart for determination of microplastics in rice beetles

(Sitophilus oryzae).
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CHAPTER 4

RESULT AND DISCUSSION

4.1 Result

4.1.1 Chemical composition of microplastics

Types of Microplastics
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Figure 4.1 Percentage of Reflectance of chemical composition in
microplastics.
Figure 4.1 indicates the percentage of reflectance from FTIR analysis for three
samples of rice beetle. The most highest reflectance in Sample 1, Sample 2, and
Sample 3 is Styrene Butadiene Copolymer (SBC), meanwhile the most lowest
reflectance in each sample is Polymethylpentene (PMP). S1 shows the percentage
of reflectance of Ethylene-acrylic acid copolymer (EAA), while S2 and S3 do not

shows the percentage of reflectance of EAA.
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4.1.2 Microplastic shape

Figure 4.2 Shape of microplastic were detected under the microscope.

Figure 4.2 indicates form of microplastic that was found on the rice beetle under the

microscope is fiber. Most of the fibers are found at the part of the rice beetle’s leg.

4.1.3 Microplastics occurrence

Types Sample 1 | Sample 2 | Sample 3
Ethylene Propylene Diene monomer (EPDM) + + +
Polymethylpentene (PMP) + + +
Styrene Butadiene Copolymer (SBC) + + +
Ethylene-acrylic acid copolymer (EAA) + = -

Table 4.1 Microplastics recorded in rice beetles.

Table 4.1 indicates overall microplastics in three samples of rice beetle obtain

from FTIR analysis.
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4.1.4 Types of Microplastics
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Figure 4.3 Types of Microplastics in Sample 1.
Figure 4.3 indicates four types of microplastics that been found in sample 1 which
are Styrene Butadiene Copolymer (SBC), Ethylene-acrylic acid copolymer
(EAA), Ethylene Propylene Diene monomer (EPDM), and Polymethylpentene

(PMP).
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Figure 4.4 Types of Microplastics in Sample 2.
Figure 4.4 indicates three types of microplastics that been found in sample 2
which are Styrene Butadiene Copolymer (SBC), Ethylene Propylene Diene

monomer (EPDM), and Polymethylpentene (PMP).
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Figure 4.5 Types of Microplastics in Sample 3.
Figure 4.5 indicates three types of microplastics that been found in sample 3
which are Styrene Butadiene Copolymer (SBC), Ethylene Propylene Diene

monomer (EPDM), and Polymethylpentene (PMP).
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4.2 Discussion

Figure 4.1 shows the percentage of reflectance from FTIR analysis in the
three samples of rice beetle which are S1, S2, and S3. Overall, the most abundance
of Ethylene Propylene Diene monomer (EPDM) was in S3 which is 72.93%,
followed by S2 is 66.10%. The lowest abundance of EPDM was in S1 which is
63.27%. The highest of Polymethylpentene (PMP) is S3 which is 71.90%, followed
by S2 is 65.59%. The lowest PMP is in S1 which is 62.73%. On the other hand, the
most abundance of Styrene Butadiene Copolymer (SBC) found in S3 which is
76.33%. The second most abundance is S2 which is 69.18%. The most least
abundance is S1 which is 67.45%. Next, the most abundance of Ethylene-acrylic
acid copolymer (EAA) was in S1 which is 63.40% because there are no EAA found

in S2 and S3.

Overall, the most highest reflectance in S1, S2, and S3 is Styrene Butadiene
Copolymer (SBC). SBC, having a minimum 70% styrene content, is an engineered
thermoplastic material made from a copolymer of styrene and butadiene (McKeen,
2012). The second highest is Ethylene Propylene Diene monomer (EPDM).
Copolymerization of ethylene/propylene and unsaturated diene results in EPDM, a
saturated elastomeric thermoplastic material (Costa et al., 2024). Meanwhile the
most lowest reflectance in each sample is Polymethylpentene (PMP). PMP is a
thermoplastic polymer composed of monomers of methylpentene (Lopes et al.,
2006) . S1 shows the percentage of reflectance of Ethylene-acrylic acid copolymer
(EAA), while S2 and S3 do not shows percentage of reflectance of EAA (Figure
4.1). Copolymers made of ethylene and acrylic acid are known as EAA (Leonard et

al., 2024).

Fragments, fibers, films, foam, and beads are some of the typical form

categories used to classify microplastics (Kooi et al., 2019). Under a microscope,
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rice beetle microplastic shape is displayed in figure 4.2. Styrene Butadiene
Copolymer (SBC), Ethylene-acrylic acid copolymer (EAA), Ethylene Propylene
Diene monomer (EPDM), and Polymethylpentene (PMP) are the four types of
microplastics that are present in the samples have the same form which is fibers.
Most fibers have been found in the external parts of the rice beetle’s body such as
legs, wings and heads of rice beetles. Microplastic fibers (MPF) usually have a
diameter of 10um-30pm and a cylindrical or angular form similar to a ribbon (Kooi

etal., 2019) .

Table 4.1 display overall types of microplastics in three sample (S1, S2, S3)
of rice beetle obtain from FTIR analysis. S1 was recorded to have the highest types
of microplastics was found which is four types. The microplastics are Styrene
Butadiene Copolymer (SBC), Ethylene-acrylic acid copolymer (EAA), Ethylene
Propylene Diene monomer (EPDM), and Polymethylpentene (PMP). Conversely,
the minimal variety of microplastics was observed in S2 and S3, with only three
distinct types present. The microplastics were Styrene Butadiene Copolymer
(SBC), Ethylene Propylene Diene monomer (EPDM), and Polymethylpentene

(PMP).

The existence of synthetic polymers in rice beetles, such as Styrene
Butadiene Copolymer (SBC), Ethylene-acrylic acid copolymer (EAA), Ethylene
Propylene Diene monomer (EPDM), and Polymethylpentene (PMP), have serious
detrimental effects. These effects are complex and have an influence on food
safety, environmental health, and agricultural output. Each polymer has a particular
effect on the beetles because of its own set of chemical characteristics. Multiple
mechanisms can lead to SBC, EAA, EPDM, and PMP contamination in rice
beetles. These insects are well-known for infesting grains that have been kept, and

they frequently live in areas with polymer particles. SBC, EAA, EPDM, and PMP
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particles can cling to the exoskeleton of the beetle or be consumed with food. These
particles may affect the beetle's body chemically and physically once it is inside

and at the same time effect the rice that contain this beetles.

Because of its flexibility, resilience to deterioration, and durability, Styrene
Butadiene Copolymer (SBC) is a synthetic rubber that finds extensive application
in the packaging, construction, and automotive sectors. Its widespread usage,
however, causes environmental dispersion and microplastic contamination, which
can seep into soil and water sources. Because SBC particles linger in the
ecosystem, they are dangerous to many different kinds of creatures, including pests
like rice beetles. Rice that has been kept become further polluted by SBC particles
that seep into the grain as infected beetles decay. Consumer health may be directly
at risk as a result of the leaching process's potential to release styrene and other
hazardous degradation products into rice. Styrene exposure for an extended period
of time is linked to a number of health concerns, such as skin irritation, respiratory

disorders, and cancerous consequences (McKeen, 2012).

Excellent adhesive qualities, flexibility, and chemical resistance make
Ethylene-acrylic acid copolymer (EAA) highly valued. These characteristics make
it appropriate for use in industrial components, medical equipment, and food
packaging. EAA is useful, but because of its environmental permanence, there are
worries about how it may affect ecosystems. Since EAA is not easily broken down,
it tends to accumulate in the environment and can come into touch with insects
such as rice beetles. Physical contamination can occur when contaminated rice
grains are directly contaminated by EAA particles introduced by contaminated rice
beetles. Non-biodegradable polymer particles have the potential to lower rice
quality, safety, and marketability. Because of worries about their health and safety,

consumers are rejecting rice that has been tainted with synthetic polymers (Leonard
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et al., 2024).

Synthetic rubber with high value that is resistant to environmental variables,
flexible, and long-lasting is called Propylene Diene monomer (EPDM). Its capacity
to tolerate extreme circumstances without deteriorating has led to its employment
in a broad range of applications, including roofing materials and automobile seals.
The fact that EPDM is stable under a variety of environmental circumstances also
means that it is difficult to decompose, which causes it to accumulate in the
environment and have an adverse effect on biological systems. Because EPDM is
persistent in the environment, a variety of creatures may be exposed to it over time.
Since birds and other insects hunt on rice beetles, the EPDM that beetles eat can
enter the food chain and could have an impact on predators. Ecological equilibrium
may be upset and predator population losses may result from this bioaccumulation

(Costa et al., 2024).

High melting point, low density, and resilience to UV and chemicals are the
characteristics of Polymethylpentene (PMP). Because of these qualities, it may be
applied to a variety of situations where clarity and durability are crucial. PMP has
the benefit of being stable and resistant to degradation, which allows it to stay in
the environment for long periods of time. Because of its tenacity, PMP build up in
environments where it interacts with a variety of creatures, including pests like rice
beetles. Contamination of stored rice can be exacerbated by PMP particles found in
infected beetles. Even though PMP is chemically inert, any additives or leftover
chemicals employed in its manufacture may seep into the rice and endanger
customers' health. Furthermore, PMP's harmful effects on predators that eat tainted

beetles may cause wider ecological disruptions (Lopes et al., 2006).

The FTIR analysis results graph for S1,S2,S3 is shown in Figure 4.3.

Sample 1 displays four different types of microplastics in the sample which are
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Styrene Butadiene Copolymer (SBC), Ethylene-acrylic acid copolymer (EAA),
Ethylene Propylene Diene monomer (EPDM), and Polymethylpentene (PMP).
Meanwhile, the FTIR analysis results graph for samples 2 and 3 can be seen in
figures 4.4 and 4.5. The same three different forms of microplastics were
discovered in both samples which are Styrene Butadiene Copolymer (SBC),

Ethylene Propylene Diene monomer (EPDM), and Polymethylpentene (PMP).
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CHAPTER 5

CONCLUSION AND RECOMMENDATION

5.1 Conclusion

To conclude, microplastics in rice beetles (Sitophilus oryzae) collected
from grain storage have been found in this study, and this information opens our
eyes to the larger problem of ecosystems and food safety. The primary types of
microplastics identified were Styrene Butadiene Copolymer (SBC), Ethylene-
acrylic acid copolymer (EAA), Ethylene Propylene Diene Monomer (EPDM), and

Polymethylpentene (PMP), which are commonly used in packaging materials.

Common pests in stored grains, rice beetles pose a serious threat to
agriculture. These insects' microplastic presence emphasises how ubiquitous plastic
contamination is. Through investigating the effects of microplastics on rice beetles'
ecology, and food safety, we can learn important lessons about the widespread

effects of synthetic polymer pollution.

Microplastic pollution has significant ecological ramifications. As a
component of the food chain, beetles can pass microplastics to birds and other
insect predators. Higher trophic levels are at danger from this bioaccumulation,
which can also cause ecological imbalances. Because synthetic polymers like SBC,
EAA, EPDM, and PMP are persistent in the environment, their effects can endure a

long period and may eventually change ecosystems and biodiversity.

There are serious concerns to food safety when grains that have been kept
are contaminated with microplastics. Microplastics have a greater chance of getting

into the human food chain when rice beetles eat grains. Consuming food items
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tainted with microplastic particles can have negative health effects, especially if the
polymers release toxic chemicals into the food. To safeguard the public's health,

food supplies must be guaranteed to be pure and safe.

Finding microplastics in rice beetles (Sitophilus oryzae) brings attention to a
serious problem for the environment and public health. By implementing enhanced
waste management strategies, substituting pesticides, and closely observing the
situation, we can lessen the effects of polymers on farming and protect ecosystems
and public health. The all-encompassing approaches described offer a way forward

for a future that is more sustainable and for a cleaner, safer environment.

5.2 Recommendation

Future recommendation to ensure a representative analysis, samples of rice
beetles should be collected from diverse kinds of rice. This approach will provide a
comprehensive understanding of microplastic contamination in different types of
rice as well as be able to compare which rice is of higher quality.

Next, it is essential to disseminate the results of the microplastic monitoring
program to the general public and pertinent parties, such as farmers, storage facility
managers, and policymakers, in order to increase awareness and driving collective
action. Transparency in reporting will build trust and encourage best practices.

According to this study, all rice manufacturing should switch to fiberglass
packaging instead of plastic. This is due to the fact that fiberglass can lessen
microplastic pollution and can keep rice beetles from consuming microplastics

contained in rice plastic bags.
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APPENDIX A

Image of selected microplastics in each sample under the microscope.

Sample 1 Sample 2 Sample 3
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APPENDIX B

Image of Fourier-Transform Infrared Spectroscopy (FTIR) raw data of S1,S2, S3.
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