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Abstract: Sediments are temporary and long-term reservoirs for waste
including microplastic particles. Microplastics are large-sized plastics that
are under 5mm in size. microplastic particles with a density greater than
water can enter the sediment and accumulate. High water utilization
activities can be a way for plastic waste from land to enter the waters, one of
the rivers that has high utilization is the Siak River in Pekanbaru city. This
study aims to analyze the abundance and distribution of microplastics based
on 3 (three) stations in the Siak River. The research procedure consists of
sampling, microplastic separation, and microplastic analysis. The results
showed that the Siak River in Pekanbaru city contained microplastic types
of fragments (32%), films (31%), fibers (25%), and granules (12%). The
highest abundance of microplastics was at station 1 with an average
abundance of 32.67/kg which was dominated by fragment-type
microplastics. The Siak River in Pekanbaru city has been contaminated with
microplastics which can be intentionally or unintentionally eaten by aquatic
biota.

Keywords: Microplastic; Sediment; Siak river

Introduction

Plastic is a group of synthetic polymers invented in
1950 and has experienced massive production over time
(Chen et al., 2020), which has been recorded to be found
in all marine waters in the world Generally, more than
92% of all plastic objects found in marine waters are
smaller than 5 mm (Van Sebille et al., 2015). Plastics with
sizes below 5mm have become a global environmental
issue called microplastics, this is because microplastics
have high persistence in the environment, contain toxic
chemicals, and are ubiquitous (Enyoh et al., 2020). Plastic
production also increases with the increase in
population because plastics have versatile properties
and are currently applied to everyday life (Pilapitiya et
al., 2024). In fact, global plastic production is recorded at
>395 million tons per year, which means that plastic
production has increased 180 times since 1950 (Haque et
al.,, 2023). Plastics can enter the waters to become
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pollutants intentionally or unintentionally (Thushari et
al., 2020), Plastics in aquatic environments such as rivers
are sourced from land (Enders et al., 2019). Rivers are the
way microplastics enter the sea so that the sea becomes
the final disposal site for plastic particles, for example
Indonesia is the largest contributor of plastic to the
oceans in Asia with an average entry of plastic with a
range of 9.80-63.70 tons per year sourced from fresh
waters such as rivers (Lebreton et al., 2017).

Siak River is one of the deepest rivers in Indonesia
and the largest river in Riau province (Onrizal et al,,
2020). Administratively, this river is located in Riau
province and passes through several regencies or cities,
namely Rokan Hulu Regency, Kampar Regency, Siak
Regency, Bengkalis Regency and especially Pekanbaru
City. The rapid progress of Pekanbaru City followed by
a population of 1.123.34 people, with a population
growth rate from 2020-2023 of 2.99% will gradually
increase the amount of plastic waste that can affect the
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aquatic ecosystem of Pekanbaru City. Plastic waste that
enters river waters will undergo a degradation process
into smaller sizes and become microplastics (Li et al.,
2022). Then, Microplastics in rivers can enter to marine
waters (Meng et al., 2015). But in this case, freshwater
waters can store plastic in the temporary or long-term
(Onoja et al., 2022; Sulaiman et al., 2023). The storage of
plastic in freshwater waters is due to the deposition of
plastic in sediments (Hurley et al., 2018). A number of
variables, including water turbidity, coastline relief
(sea), bathymetry, currents, tides, and distance to point
sources, influence the entry of MP into bottom sediments
(Uddin et al., 2021).

Sediment is a fragment of material carried by wind
or water that is deposited at the bottom of the water due
to the mechanical process of river currents. Sediment is
considered a long-term shelter for microplastics (Van
Cauwenberghe et al., 2015). Living organisms that are
filter feeders have the ability to consume microplastics
that sink to the bottom of the water in the sediment
(Priyambada et al, 2023). In previous studies,
microplastics stored in sediments caused ingestion of
mp in shellfish organisms, fish and turtles (Akoueson et
al.,, 2020). In this article we provide a report on the
composition and abundance of microplastics in
sediments in the Siak River Pekanbaru city, composition
and abundance data can describe the distribution and
source of plastic entry into water bodies. Differences in
collection areas and sediment characteristics can cause
variations in results along the river. The data in this
article can be used for further management of the Siak
River water environment and as a source for the lack of
information about the presence of microplastics in the
Siak River in Pekanbaru city.

Method

Location

The research was conducted in December 2023. The
method used was purposive sampling method with
three sampling stations (Figure 1). Station 1 is an
observation point located under the Siak II Bridge on the
Sumatra Cross Road, Rumbai Pekanbaru Subdistrict,
this station is located in the upper reaches of the Siak
River in Pekanbaru City which borders Kampar
Regency, this location is at the coordinates 0°33'08.6 "N
101°24'00.4 "E.

Station 2 is an observation point that has
coordinates 0°32'36.6 "N 101°25'56.6 "E, this point is
located in the middle area of the Siak River that crosses
the city of Pekanbaru so that this area has a fairly high
utilization because at this location it is adjacent to
residential areas, fish cages of fishermen, and the
floodgates of the Siak River in Pekanbaru city. Station 3
is located in the active port area of Pekanbaru city which
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is located on Tanjung Datuk street Kec. Lima Puluh,
Pekanbaru City, this location is located at coordinates
0°33'06.5 "N 101°27'42.0 "E.

Research Procedure
Sample Collection

Sediment samples are collected from the riverbed
using an ekman grab, the ekman grab is lowered to the
bottom of the water with a rope and then the dredged
sample will be put into a container that has been
prepared as much as = 1 kilogram, then the sample
container is tightly closed and put into a cool box.

Isolation of Microplastics

To analyze microplastics, it is necessary to carry out
a separation stage, the separation of microplastics from
sediments is carried out in stages: drying, volume
reduction, density separation, screening, and visual
sorting (Priyambada et al., 2023). Sediment samples
were oven dried at 60°C for 24 hours until the sediment
grains did not stick together. The dried sediment was
then pulverized using a mortar and pestle. Furthermore,
the density separation stage by mixing a saturated NaCl
solution as much as 3 times the weight of the sediment
into the sediment, then stirring for 2 minutes (Rani et al.,
2023; Schiitze et al., 2022). After stirring the sediment
sample bath is allowed to stand for 1 hour, the light
plastic will separate and will be at the top. Furthermore,
the supernatant (the floating part) is filtered with a mesh
sieve and continued by filtering again using Whattman
grade GF/ A 47mm filter paper.

Observation and Identification of Microplastics

Filtered microplastics are visually analyzed, for
smaller microplastics, visual analysis is carried out with
the help of a binocular microscope with a magnification
of 10x then microplastics are weighed, and visually
analyzed (Vermeiren et al., 2020).

Analysis of Sediment Types

Sediment samples were collected as much as 50gr
from each station in Siak River Pekanbaru City. Samples
that have been obtained are then stored for further
analysis. Determination of soil texture class was
conducted using the hydrometer method. A total of 50g
of soil was weighed and put into 600 mL beaker glass.
Then added 25mL of 30% H20; and allowed to stand for
15 minutes. Then added 250 mL of distilled water and
100 mL Calgon reagent 5%. Determination of the type of
sediment in the sample of each station is done using the
USDA (United States Department of Agriculture)
triangle.

3281



Jurnal Penelitian Pendidikan IPA (JPPIPA)

Data Analysis
Data analysis is quantitative descriptive, with
identification and classification of microplastics based
on the shape, color, and distribution of microplastic
abundance in sediment samples from the Siak River.
Microplastics were categorized into four groups based
on their morphologies using a technique from earlier
research: fiber, fragment, pellet, and film (Jiang et al.,
2018). For quantification, the calculation of microplastic
abundance in sediments uses the equation by Masura et
al. (2015), Microplastic abundance in sediment:
K = n (Sample particle ) (1)
v

Description:

K : Microplastic abundance (Particles/kg)
n : Number of Microplastics

v : Sample Volume

Result and Discussion

Type of Microplastics

The types of microplastics found in each sediment
sample was found from the previously conducted
analysis sediment samples of the Siak River in
Pekanbaru city. The samples are fiber, film, fragments,
and granules (Figure 1). Each type of microplastic was
found at all sampling stations in the Siak River. The most
dominant type of microplastics found was fragment-
type microplastics with a percentage of 32% (Figure 1)
and a total of 82 particles. This is the same as previous
research on the sediments of the Sibam River, a tributary
of the Siak River where the fragment type was found to
be the most dominant in aquatic sediments.

Microplastics of the fragment type were found at
every station location. Fragment-type microplastics are
shaped like flakes or small pieces of larger plastics,
fragment microplastics are asymmetrical in size and
thickness (Dimassi et al., 2022; Hartmann et al., 2019).
Fragments are hard flakes derived from the degradation
of larger plastics that break down and fragment through
photo, physical, or biological degradation into smaller
particles (Lambert et al., 2016; Yuan et al., 2022). Sample
fragments were found to dominate because in general,
samples such as PVC, nylon, and PET that have a density
exceeding the density of water will sink and are more
easily found in sediments because they have a greater
density (Alomar et al., 2016; Woodall et al., 2015) while
polymers with lower densities will be lighter and on the
surface of the water (Carr et al., 2016).

Film-type microplastics had a 31% presentation of
presence with a total of 78 particles. Film microplastics
are microplastics in the form of thin sheets and tend to
be transparent Film microplastics come from food

June 2024, Volume 10, Issue 6, 3280-3286

packaging, plastic bags, and other household activities
that end up in the waters. The use of film-type plastics
in large quantities and in everyday life causes film-type
microplastics to spread in waters.

= Fiber Film = Fragment = Granules

Figure 1. Percentage of total microplastics types

Microplastic fibers were present in every sediment
sample with a presentation of 25%, totaling 61 particles.
In previous studies, fiber is a microplastic present in
sediments, subsurface water, and even sea ice (Martinez
Silva et al., 2020).While granule-type microplastics are
microplastics that are slightly found from each station.
this type of microplastic is almost round in shape and
comes from primary microplastics, in water samples a
presentation of granule microplastics was found at 12%.

Color of Microplastics

Based on the color of microplastics in sediment
samples there are 6 colors namely black, transparent,
blue, white, purple, and pink. Figure 2 shows the
comparison of colors found at each sampling station.

100 —
80
1
w0 .
20
0
Station 1 Stastion 2 Station 3

Translucent ® Black m White ® Purple ® Pink m Blue

Figure 2. Comparison color of microplastic from each station

Syakti et al. (2018) claim that observing the color of
microplastics can help identify the source of
contaminants. Because these microplastics resemble
their diet, the presence of color or transparency enables
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marine or freshwater biota to consume them (Borriello
et al., 2023). The color of the microplastic also reveals the
extent of weathering and the duration of residence time
at the ocean's surface (Khuyen et al., 2022; Pan et al.,
2019). A yellowish hue denotes an extended period of
exposure to the water and oxidation (Ridlo et al., 2020).

The abundance of Microplastics

The abundance results and comparison of the
abundance of microplastics found in the visual analysis
are in the table 1.

Table 1. Total Abundance of Microplastics Between
Every Station at the Siak River
Station Point Abundance of Average per station
Microplastics (particle/kg) (particle/kg)
26
34 32.67
38
32
7 31.67
56
31
16 20
13

N
LW INRFR WONRFR WN -

The results of this study's microplastic abundance
in the Siak River of Pekanbaru city showed the level of
microplastic contamination in the sediments of the Siak
River of Pekanbaru city. The average abundance of
microplastics in the Siak River was 32.67 particles/kg at
station 1, 31.76 particles/kg at station 2 and 20
particles/kg at station 3 as seen in table 1.

Location with the highest abundance of
microplastics is station 1, one of the factors that cause
high particles at this station is the type of sediment
owned by station 1 is a type of sandy clay loam with a
clay fraction of 21%, small sediment grain size can
precipitate particles more easily (Nugroho et al., 2018;
Watters et al., 2010) than sediments such as rocks or
gravel. Different sediment grain sizes can affect the
integration of particles and sediments (Chakraborty et
al., 2015).

The abundance of film-type microplastics
dominates two sample points, namely sample points 1
and 3, while sample point 2 is dominated by the
abundance of fragment-type microplastics with a larger
amount when compared to the abundance of film at
sample points 1 and 3 (Figure 3). Film-type microplastics
originate from the degradation of plastic bags into
smaller pieces (Sari et al., 2022; Tziourrou et al., 2021),
this type of microplastics is thought to be sourced from
household waste.
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Figure 3. Comparison abundance of type microplastics

Conclusion

Microplastics were found in Siak River sediments
from all sampling stations. Various types and colors of
microplastics were found in these research areas. The
samples found consisted of fragments (32%), films
(31%), fibers (25%), and granules (12%). The highest
abundance of microplastics was found at station 1 with
an abundance of 32.67/m3. The color variations of
microplastics found were transparent, black, white,
pink, purple, and blue. Transparent color dominated all
sediment sampling stations. Microplastics in sediments
are thought to come from household waste, aquaculture
and fishing activities, and industrial waste.

Acknowledgments

The authors would like to thank the Department of
Biology, Faculty of Mathematics and Natural Science,
University of Sumatera Utara for the knowledge, facilities, and
support of this research.

Author Contributions

Conceptualization, T. A. D. K., T. A. B, H. W.; methodology, T
A.D. K, validation, T. A. B. and H. W,; formal analysis, T. A.
D. K investigation, T. A. B., and H. W.; resources, T. A. D. K.
and T. A. B; data curation, H. W.: writing—original draft
preparation, T. A. D. K and T. A. B,; writing—review and
editing, T. A. D. K.: visualization, and T. A. B.and T. A. D. K.
All authors have read and agreed to the published version of
the manuscript.

Funding
This research received no external funding

Conflicts of Interest

The authors declare no conflict of interest.

References

Akoueson, F., Sheldon, L. M., Danopoulos, E., Morris, S.,
Hotten, J., Chapman, E., Li, J.,, & Rotchell, J. M.

3283



Jurnal Penelitian Pendidikan IPA (JPPIPA)

(2020). A preliminary analysis of microplastics in
edible versus non-edible tissues from seafood
samples. Environmental Pollution, 263, 114452.
https://doi.org/10.1016/j.envpol.2020.114452
Alomar, C., Estarellas, F., & Deudero, S. (2016).
Microplastics in the Mediterranean Sea: Deposition
in coastal shallow sediments, spatial variation and
preferential grain size. Marine Environmental
Research, 115, 1-10.
https://doi.org/10.1016/j.marenvres.2016.01.005
Borriello, L., Scivicco, M., Cacciola, N. A., Esposito, F.,
Severino, L., & Cirillo, T. (2023). Microplastics, a
Global Issue: Human Exposure through
Environmental and Dietary Sources. Foods, 12(18),
3396. https:/ /doi.org/10.3390/foods12183396
Carr, S. A, Liu, J., & Tesoro, A. G. (2016). Transport and
fate of microplastic particles in wastewater
treatment plants. Water Research, 91, 174-182.
https:/ /doi.org/10.1016/j.watres.2016.01.002
Chakraborty, P., Sarkar, A., Vudamala, K., Naik, R., &
Nath, B. N. (2015). Organic matter - A key factor in
controlling mercury distribution in estuarine
sediment. Marine Chemistry, 173, 302-309.
https:/ /doi.org/10.1016/j.marchem.2014.10.005
Chen, X., & Yan, N. (2020). A brief overview of
renewable plastics. Materials Today Sustainability, 7-
8, 100031.
https://doi.org/10.1016/j.mtsust.2019.100031
Dimassi, S. N., Hahladakis, J. N., Yahia, M. N. D,
Ahmad, M., Sayadji, S., & Al-Ghouti, M. A. (2022).
Degradation-fragmentation of marine plastic
waste and their environmental implications: A
critical review. Arabian Journal of Chemistry, 15(11),
104262.
https:/ /doi.org/10.1016/j.arabjc.2022.104262
Enders, K., Kidppler, A. Biniasch, O., Feldens, P,
Stollberg, N., Lange, X., Fischer, D., Eichhorn, K.-J.,
Pollehne, F., Oberbeckmann, S., & Labrenz, M.

(2019).  Tracing microplastics in aquatic
environments based on sediment analogies.
Scientific Reports, 9(1), 15207.

https:/ /doi.org/10.1038/s41598-019-50508-2
Enyoh, C. E. Shafea, L., Verla, A. W., Verla, E. N.,
Qingyue, W., Chowdhury, T., & Paredes, M. (2020).
Microplastics Exposure Routes and Toxicity
Studies to  Ecosystems: An  Overview.
Environmental Analysis Health and Toxicology, 35(1),
€2020004. https://doi.org/10.5620/ eaht.e2020004
Haque, F., & Fan, C. (2023). Fate of microplastics under
the influence of climate change. iScience, 26(9),
107649. https:/ /doi.org/10.1016/j.isci.2023.107649
Hartmann, N. B., Hiiffer, T., Thompson, R. C., Hassell6v,
M., Verschoor, A. Daugaard, A. E., Rist, S,
Karlsson, T., Brennholt, N., Cole, M., Herrling, M.
P.,, Hess, M. C., Ivleva, N. P., Lusher, A. L., &

June 2024, Volume 10, Issue 6, 3280-3286

Wagner, M. (2019). Are We Speaking the Same
Language? Recommendations for a Definition and
Categorization Framework for Plastic Debris.
Environmental Science & Technology, 53(3), 1039-
1047. https:/ /doi.org/10.1021/ acs.est.8b05297
Hurley, R, Woodward, J., & Rothwell, ]. J. (2018).
Microplastic  contamination of river beds
significantly reduced by catchment-wide flooding.
Nature Geoscience, 11(4), 251-257.
https:/ /doi.org/10.1038 /541561-018-0080-1
Jiang, C,, Yin, L., Wen, X,, Du, C, Wu, L, Long, Y., Liu,
Y., Ma, Y., Yin, Q., Zhou, Z., & Pan, H. (2018).
Microplastics in sediment and surface water of
west dongting lake and south dongting lake:
Abundance, source and composition. International
Journal of Environmental Research and Public Health,
15(10). https:/ /doi.org/10.3390/ijerph15102164
Khuyen, V., Le, D., Le, H., Fischer, A., & Dornack, C.
(2022). Assessing Microplastic Prevalence and
Dispersion from Saigon Urban Canals via Can Gio
Mangrove Reserve to East Sea by Raman Scattering
Microscopy.  Microplastics, ~ 1(3),  536-553.
https://doi.org/10.3390/ microplastics1030038
Lambert, S., & Wagner, M. (2016). Characterisation of

nanoplastics  during the degradation of
polystyrene. Chemosphere, 145,  265-268.
https:/ /doi.org/10.1016/j.chemosphere.2015.11.0
78

Lebreton, L. C. M., Van Der Zwet, ]J., Damsteeg, J.-W.,
Slat, B.,, Andrady, A., & Reisser, ]. (2017). River
plastic emissions to the world’s oceans. Nature
Communications, 8(1), 15611.
https:/ /doi.org/10.1038 /ncomms15611

Li, C, Jiang, B., Guo, J., Sun, C., Shi, C., Huang, S., Liu,
W., Wy, C,, & Zhang, Y. (2022). Aging Process of
Microplastics in the Aquatic Environments: Aging

Pathway, Characteristic Change, Compound
Effect, and Environmentally Persistent Free
Radicals Formation. Water, 14(21), 3515.

https://doi.org/10.3390/w14213515

Martinez Silva, P., & Nanny, M. A. (2020). Impact of
Microplastic Fibers from the Degradation of
Nonwoven Synthetic Textiles to the Magdalena
River Water Column and River Sediments by the
City of Neiva, Huila (Colombia). Water, 12(4), 1210.
https://doi.org/10.3390/w12041210

Masura, ]J., Baker, ]., Foster, G., & Arthur, C. (2015).
Laboratory methods for the analysis of microplastics in
the marine environment (Issue July, pp. 1-31).

NOAA Marine Debris Program National.
Retrieved from
https:/ /marinedebris.noaa.gov/sites/ default/file
s/ publications-

files/noaa_microplastics_methods_manual.pdf
Meng, Q.]., Ji, Q., Zhang, Y. G,, Liu, D., Grossnickle, D.
3284



Jurnal Penelitian Pendidikan IPA (JPPIPA)

M., & Luo, Z. X. (2015). An arboreal docodont from
the jurassic and mammaliaform ecological
diversification.  Science,  347(6223), 764-768.
https:/ /doi.org/10.1126 / science.1260879
Nugroho, D. H., Restu, I. W., & Ernawati, N. M. (2018).
Kajian Kelimpahan Mikroplastik di Perairan Teluk
Benoa Provinsi Bali. Current Trends in Aquatic
Science, 1(1), 80.
https:/ /doi.org/10.24843 / ctas.2018.v01.i01.p11
Onoja, S., Nel, H. A., Abdallah, M. A.-E., & Harrad, S.
(2022). Microplastics in freshwater sediments:
Analytical methods, temporal trends, and risk of
associated organophosphate esters as exemplar
plastics additives. Environmental Research, 203,
111830.
https://doi.org/10.1016/j.envres.2021.111830
Onrizal, O., & Mansor, M. (2020). A short note on Siak
River, Sumatra, Indonesia. IOP Conference Series:
Earth and Environmental Science, 454(1), 012079.
https://doi.org/10.1088/1755-
1315/454/1/012079
Pan, Z., Guo, H., Chen, H., Wang, S., Sun, X., Zou, Q,,
Zhang, Y., Lin, H, Cai, S, & Huang, J. (2019).
Microplastics in the Northwestern Pacific:
Abundance, distribution, and characteristics.
Science of The Total Environment, 650, 1913-1922.
https://doi.org/10.1016/j.scitotenv.2018.09.244
Pilapitiya, P. G. C. N. T., & Ratnayake, A. S. (2024). The
world of plastic waste: A review. Cleaner Materials,
11, 100220.
https://doi.org/10.1016/j.clema.2024.100220
Priyambada, G., Kurniawan, B., Sitompul, R. G., &
Darmayanti, L. (2023). The abundance of
microplastics in Siak tributary sediments in the
watershed area, Pekanbaru City, Riau (Case Study
Sago River). Materials Today: Proceedings, 87, 272~
277. https:/ /doi.org/10.1016/j.matpr.2023.03.207
Rani, M., Ducoli, S., Depero, L. E., Prica, M., Tubi¢, A.,
Ademovic, Z., Morrison, L., & Federici, S. (2023). A
Complete Guide to Extraction Methods of
Microplastics from Complex Environmental
Matrices. Molecules, 28(15), 5710.
https:/ /doi.org/10.3390/ molecules28155710
Ridlo, A., Ario, R., Al Ayyub, A. M., Supriyantini, E., &
Sedjati, S. (2020). Mikroplastik pada Kedalaman
Sedimen yang Berbeda di Pantai Ayah Kebumen
Jawa Tengah. Jurnal Kelautan Tropis, 23(3), 325-332.
https:/ /doi.org/10.14710/jkt.v23i3.7424
Sari, S. P., Kartikaningsih, H., Yanuar, A. T, &
Kurniawan, A. (2022). Analysis of Microplastics in
Water and Biofilm Matrices in Metro River, East
Java, Indonesia. The Journal of Experimental Life
Sciences, 12(1), 23-29.
https:/ /doi.org/10.21776/ub.jels.2022.012.01.04
Schiitze, B., Thomas, D., Kraft, M., Brunotte, J., &

June 2024, Volume 10, Issue 6, 3280-3286

Kreuzig, R. (2022). Comparison of different salt
solutions for density separation of conventional
and biodegradable microplastic from solid sample
matrices. Environmental Science and Pollution
Research, 29(54), 81452-81467.
https:/ /doi.org/10.1007 /s11356-022-21474-6
Sulaiman, B., Woodward, J. C., & Shiels, H. A. (2023).
Riverine microplastics and their interaction with
freshwater fish. Water Biology and Security, 2(4),
100192.
https://doi.org/10.1016/j.watbs.2023.100192
Syakti, A. D., Hidayati, N. V., Jaya, Y. V., Siregar, S. H.,
Yude, R., Suhendy, Asia, L., Wong-Wah-Chung, P.,
& Doumeng, P. (2018). Simultaneous grading of
microplastic size sampling in the Small Islands of
Bintan water, Indonesia. Marine Pollution Bulletin,
137(November), 593-600.
https://doi.org/10.1016/j.marpolbul.2018.11.005
Thushari, G. G. N., & Senevirathna, J. D. M. (2020).
Plastic pollution in the marine environment.
Heliyon, 6(8), e04709.
https:/ /doi.org/10.1016/j.heliyon.2020.e04709
Tziourrou, P., Kordella, S., Ardali, Y., Papatheodorou,
G., & Karapanagioti, H. K. (2021). Microplastics
formation based on degradation characteristics of
beached plastic bags. Marine Pollution Bulletin, 169,
112470.
https:/ /doi.org/10.1016/j.marpolbul.2021.112470
Uddin, S., Fowler, S. W., Uddin, M. F., Behbehani, M., &
Naji, A. (2021). A review of microplastic
distribution in sediment profiles. Marine Pollution
Bulletin, 163, 111973.
https:/ /doi.org/10.1016/j.marpolbul.2021.111973
Cauwenberghe, L., Devriese, L., Galgani, F,
Robbens, J., & Janssen, C. R. (2015). Microplastics
in sediments: A review of techniques, occurrence
and effects. Marine Environmental Research, 111, 5-
17.
https:/ /doi.org/10.1016/j.marenvres.2015.06.007
Van Sebille, E., Wilcox, C., Lebreton, L., Maximenko, N.,
Hardesty, B. D., Van Franeker, J. A., Eriksen, M.,
Siegel, D., Galgani, F., & Law, K. L. (2015). A global
inventory of small floating plastic debris.
Environmental Research Letters, 10(12), 124006.
https://doi.org/10.1088/1748-
9326/10/12/124006
Vermeiren, P, Mufoz, C, & Ikejima, K. (2020).
Microplastic identification and quantification from
organic rich sediments: A validated laboratory
protocol. Environmental Pollution, 262, 114298.
https://doi.org/10.1016/j.envpol.2020.114298
Watters, D. L., Yoklavich, M. M., Love, M. S., &
Schroeder, D. M. (2010). Assessing marine debris in
deep seafloor habitats off California. Marine
Pollution Bulletin, 60(1), 131-138.
3285

Van



Jurnal Penelitian Pendidikan IPA (JPPIPA)

https://doi.org/10.1016/j.marpolbul.2009.08.019

Woodall, L. C., Gwinnett, C., Packer, M., Thompson, R.

C., Robinson, L. F., & Paterson, G. L. J. (2015). Using
a forensic science approach to minimize
environmental contamination and to identify
microfibres in marine sediments. Marine Pollution
Bulletin, 95(1), 40-46.
https://doi.org/10.1016/j.marpolbul.2015.04.044

Yuan, Z., Nag, R., & Cummins, E. (2022). Human health

concerns regarding microplastics in the aquatic
environment - From marine to food systems.
Science of The Total Environment, 823, 153730.
https:/ /doi.org/10.1016/j.scitotenv.2022.153730

June 2024, Volume 10, Issue 6, 3280-3286

3286



