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ABSTRACT

Microplastics (MPs) are discovered in various places even encroaching on marine protected arcas (MPA). The aim
of this research is to investigate the occurrences of MPs pollutant in MPA and non-MPA in Karimunjawa National
Park (KNP). The results showed that MPs from sea surface water were higher in MPA than non-MPA with range
as 47.89—-106.20 items/L, dominated by fragment, 1-50 pm size, black color and HDPE, LDPE, PP, Nylon, PVC,
ABS, and PET in polymer types. It induced since it supplied from it surrounding, specifically the south of MPA,
whereas there have been cottage constructions generating many marine debris. These findings indicate that oc-
currence of MPs still dominantly influenced from anthropogenic activity. However, the hydrodynamic and MPs

characteristic as well play an important role in MPs distributions.

Keywords: anthropogenic, characteristics, hydrodynamics, microplastics, marine protected area

INTRODUCTION

MPs are found everywhere, no exception in
marine protected area (MPA) such as Karimunja-
wa National Park (KNP). KNP is one of the famous
marine tourism icons in Java Island because of the
colorful, the density and diversity of its coral reefs
(Purnomo et al., 2022). Consequently, it is known
as the Paradise of Java, or Caribbean van Java
(Himawan & Lestari, 2016). Many local and for-
eigner around 3000-6000 visitors per month come
to relish snorkeling and diving to explore the di-
versity of coral reefs (Satya et al., 2023). There is
a demand for visitors coming to KNP that tends to
increase every year. However, KNP is one of the
national conservation areas and as an effort to pre-
serve nature and biodiversity in KNP, Karimun-
jawa National Park Agency (KNPA) divides KNP
into 8 zones, namely: core zone, marine protection

zone, marine cultivation zone, religious, cultural
& historical zone, rehabilitation zone, zone tradi-
tional, land utilization zone, and marine utilization
zone (Nadia et al., 2018).

MPs transportation starting from mainland,
then involved by wind and rain and then flowing
into the sea continuously and increasing, carried
by long-distance distribution, and have pressure
in the potential for toxicity (Matthews et al.,
2021). As a consequence, MPs are found from
shallow areas appearing from coastal areas to
deepest areas such as troughs. However, MPs are
found in marine biota which pose a threat, such as
in fish where MPs cause oxidative stress (Capo’
etal., 2021), in shellfish they cause changes in the
structure of gills and digestive glands (Vasanthi et
al., 2021). Furthermore, by the food chain mech-
anism, MPs can have harm impact on humans
who consume it (Wang et al., 2021). Since KNP
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is famous for its diversity coral reefs which be-
comes an economic source from marine tourism
for local communities, the threat of MPs on coral
reefs raises concerns in itself which can have an
impact on coral health. Coral health problems that
arise such as blockages and failure of the coral’s
digestive tract such as occurred on Australia’s
Great Barrier Reef (Hall et al., 2015; Huang et
al., 2021). Due to the severe impacts caused by
MPs, those are recognized as a new contaminant
that causes a major threat to marine biodiversity
(Khalid et al., 2021).

Hence MPs have a very small size, smaller <5
mm (Bergmann et al., 2017), causing them diffi-
cult to detect directly visually. So even though the
condition of the waters is clear, it is not a guaran-
tee that the waters are free from MPs pollutants.
Previous research related to MPs that has been
carried out in KNP conducted by Lie et al. (2018),
Kurniawan et al. (2021), Muchlissin et al. (2021),
Ningrum and Patria (2022), Salsabila et al. (2022)
and Seprandita et al. (2022). These previous stud-
ies were conducted in various locations and can
be displayed in Figure 1. The objects observed
or studied in the five studies were dominated by
sediments, anchovies and surface water.

MPs pollution is increasingly alarmed and
has even penetrated marine protected areas as
well as found in Australia’s Great Barrier (Car-
bery et al., 2022), protected Andaman Bay (Jaini
& Namboothri, 2022), Baltic Sea (Esiukova et
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al., 2021) and others, whereas MPAs have high
ecological values. The goal of this research is
to investigate the comparison of the MPs abun-
dances and characteristics including shape, color,
size, and type of polymer occurrences in MPA
and non-MPA zones in KNP. Especially for Non-
MPA, it is taken from several types of utilization,
namely maritime use areas, port areas, and areas
outside the KNP. Detailly the MPA area is repre-
sented by Sintok Island, while the non-MPA area
distinguished into Menjangan Besar Island for the
marine utilization area, Karimunjawa Island for
the port area and Seruni Island for the area out-
side the KNP (Figure 1).

MATERIALS AND METHODS

Study sites description

KNP is one of several marine national parks
in Indonesia. The Decree of the Minister of For-
estry and Plantations No. 74/Kpts-11/2001 states
that the Karimunjawa Nature Reserve area has a
total area of 110,117.30 ha and is designated as
a marine protected area. Then on October 28",
2020, the Karimunjawa area was established as
part of a biosphere reserved by UNESCO with
Jepara and Muria. This designation confirms that
the Karimunjawa Islands belong to a unique eco-
system that needs to be preserved and protected
for research and educational purposes. Due to
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Figure 1. MPs previous study (grey dots) and research area (red dots) in KNP
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MPs impact generate stress to ecological system,
this research examines the MPs abundance and
characteristic in MPA and non-MPA zone. Over-
all, the research area includes 4 islands, which
categorized 1 island for MPA, and 3 islands for
non-MPA. Detailly, non-MPA zone divided into 3
utilization for marine tourism represented by Men-
jangan Besar Island, Karimunjawa Island as port
area, and Seruni Island for outside area of KNP.

Detailly, Sintok Island is chosen as MPA
representations due to Sintok Island is used for
a stopping-by and spawning destination for sea
turtles (Marganita et al., 2022). While Menjan-
gan Besar Island is intended as one of the marine
tourism utilizations because it has diversity coral
reefs and become a favorite spot for snorkeling
(Januardi et al. 2016). Moreover, the Karimun-
jawa Island is chosen to represent the port area
which busy with logistics and transportation ac-
tivities (Anggrahini et al., 2022). While, Seruni
Island is chosen to represent the outside area of
KNP. Seruni Island is an uninhabited island but
has high biodiversity, characterized by the diver-
sity of coral reefs, pelagic fish and seaweed culti-
vation (Widiaratih et al., 2022).

Sample collection

Sea surface water samples were obtained on
10-12" April 2021 using the modified Virsek et al.
(2016) method with a plankton net with an open-
ing diameter of 25 cm and a mesh size of 95 um
during the certain time (3—5 minutes). While filter-
ing the seawater, the boat speed and the starting
position were recorded using GPS. The data of di-
ameter size of plankton net, length of time filtered
and speed of the boat used to calculate the total
of volume filtered water (Cutroneo et al., 2020).
Hereinafter, the filtered water put in bottle sample
to identify the MPs characteristic in the laboratory.

Microplastic identification

In the laboratory, the volume of the water
sample measured and recorded using a measuring
cup. Each sample was added with ethanol>70%
(VirSek et al., 2016) and H,0O, 30% with a ratio
of 1:1. The sample was left in a closed space for
3x24 hours. During this period, H,O, will degrade
the organic matter contained in the sample (Zhao
et al., 2017). Therefore, all the remain is unde-
gradable such as MPs. After that, each sample
was filtered with 0.45 pm Millipore filter paper,

transferred into a petri dish with a lid, and let dry
at room temperature for 1x24 hours.

Visual identification of MPs was carried out
with Olympus SZ2-ILST Microscope and a lap-
top with software Scopelmage 9.0 installed. The
identified of MPs characteristic including the
shape, size, color and polymer type. The MPs
shape could be categorized in 8 types such as
fragment, film, pellet, bead, sheets, filaments, fi-
ber and foam. While for MPs size use the term
microplastics as all particles with a size<5 mm
from Arthur et al. (2009). In this study, the MPs
size is distinguished into 4 classes such as: 1-10
um, 1-50 pm, 5-250 um, and 250 — 1,000 pm.

After calculating the abundance, the samples
were analysed using Fourier transform infra-
red (FTIR). The types of polymers were identi-
fied with help from Open Specy (openanalysis.
org/openspecy/) made by Cowger. In this study,
Open Specy was used to view and identify ma-
terial from the peak spectrum of samples tested
by FTIR with the available peak spectrum librar-
ies. The polymer types discussed in the FTIR re-
sults follow the suggestions from Hartmann et al.
(2019) that are the most common synthetic poly-
mers and copolymers.

RESULTS AND DISCUSSION

The abundance of MPs in MPA and non-MPA
zone

Overall, the abundance of MPs found in the
KNP was depicted in Figure 2. The highest num-
ber of MPs was discovered in Sintok Island which
is categorized as one of conservation area in KNP
with range of MPs discovered is 47.89-106.20
MPs/L and average 78.65 MPs/L. These findings
had the similar pattern due to Garc’es-Ordo nez
et al., 2022 showed that coastal area in protected
area was higher than unprotected coastal area
generated by impacted of storms that occurs. Geo-
graphically, Sintok Island located in the east side
of Karimunjawa Island, and has high influence
from monsoonal pattern, as consequence resulted
with the currents in Sintok Island is 0.05-0.3 m/s
(Alhaq et al., 2021) that impacted in turbulence
and distribution of MPs. Furthermore, these find-
ings were strengthened due to Marganita et al.,
2022 showed that the source of MPs based on
backward particle tracking modeling, MPs came
from Kemujan Island and Northern Java Island,
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Figure 2. MPs abundance per island in KNP (items/L)

namely Cisanggarung River, Cirebon City, and
Citarum River during 7 days, 30 days and 60 days
backward modelling in April 11" 2020. These
findings were in line to Alam & Rachmawati
(2020), the highest MPs in Indonesia had been
produced from Java Island which has the highest
population and industrial level.

Moreover, the numbers of MPs discovered
were carried away as well from it surrounding
area. It had related with Salsabila Study (2022)
in Tengah Island which is located in the south
of Sintok Island and the MPs in sea water found
in range 21.53-46.97 MPs/L and average 35.61
MPs/L, while MPs in sediment in Tengah Island
is 53 MPs/kg (Muchlissin et al., 2021). This total
number of MPs found were tended to be higher
than port or settlement area in Karimunjawa Is-
land. It occurred strengthened due to in Tengah
Island there was a resort construction process
which generates many marine debris and experi-
encing degradation to be smaller piece including
the MPs and transported to Sintok Island by cur-
rents, waves and tidal, winds, other hydrodynam-
ics processes.

These findings showed that the conservation
area became the area which had susceptible to
have high pollutant of MPs. Since, Sintok Island
belong to conservation area due to this island
used as a stopping-by and spawning destination
for sea turtles. Previous studies had been showed
that many sea turtles swallowed the marine de-
bris including MPs because they presumed that
it looks alike jellyfish (Chemello et al., 2023),
that impacted on the digestive system, changes in
swimming behavior, buoyancy difficulties and in
the worst cases animal death has been reported
in turtles that ingest plastic waste (Senko et al.,
2020). Due to this finding, it must be preventive
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programs to be established to mitigate the MPs
pollutant higher found in Sintok Island.

The second highest of MPs discovered in
non-MPA area in Seruni island with range 24.89—
57.28 MPs/L and average 41.09 MPs/L. Even
though Seruni Island is outside the KNP area and
uninhabited island, but still has good biodiversity
and used for local people for seaweed cultivation.
However, there was influence from surrounding
areas, who the nearby people are lived in Genting
Island which is next to the Seruni Island and im-
pacted to the high MPs due to anthropogenic ac-
tivity from settlement (Widiaratih, et al., 2022).
Moreover, the waves in Seruni island are higher
than the MPA area, due to it located further to
east side of Karimunjawa which directly border
to the offshore in its surrounding. However, the
high waves can be identified by the type of coral
reefs exist, such as massive type than branching
coral type dominantly in Seruni Island due to high
waves condition (Munasik et al., 2021).

Meanwhile, the lowest of MPs abundance was
found in Karimunjawa Island which presented the
port and dense settlement area in Karimujawa,
MPs found with range is 22.28-30.08 MPs/L and
average 26.18 MPs/L. Earlier study of MPs in
sediment of Karimunjawa Island but in the dif-
ferent spot which is Boby Beach found 40 MPs/
kg, Legon Boyo found 19 MPs/kg, Ujung Gelam
Beach found 11 MPs/Kg based on Muchlissin
et al (2021). These finding contrary where Kari-
munjawa Island is one of the busy port and dense
population which should had high contribution
of MPs, but the MPs abundance was the lowest
than to the conservation area. It happened due to
waves height in Karimunjawa Island were 0.09—
1.22 m with significant wave (Hs) was 0.64 m
and wave period were 4.3—-7.3 s, with significant
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period (Ts) was 5.66 s (Gunawan et al., 2017).
The highest wave height occurred in transition I
(March-May) and east (June-August) monsoon,
whereas the wind blows transition from north-
west to southeast. So that, most of MP’s source
from Karimunjawa Island carried away from the
coastal to the offshore.

Furthermore, the second lowest was found
in Menjangan Besar island as representative as
marine tourism area with range of MPs is 25.39—
28.52 MPs/L with average 26.72 MPs/L which
slightly different as found in Karimunjawa Is-
land. Previous study by Muchlissin et al (2021)
in sediment of Menjangan Kecil Island found 18
MPs/Kg. Menjangan Kecil and Menjangan Besar
Island are favorite islands visited by tourist to en-
joy the snorkeling activities. The tourists focus to
enjoy the snorkeling for certain time duration and
the MPs pollutant the lowest from type of utiliza-
tion. However, its occurrence due the hydrody-
namics especially currents play important roles
in distribute the MPs forward far away the Men-
jangan Besar sland caused the monsoonal wind
effect. Even tough, it is discovered in the lowest
abundance of MPs, but it still MPs has negative

impact to coral such as reduction in feed intake
process, ineffective of photosynthetic, delay the
rates of metabolic, decreased in bone formation
until chlorination and necrotizing (Reichert et al.,
2018; Berry et al., 2019; Reichert et al., 2019).

The shape of MPs in MPA and non-MPA zone

The results of visual observations using a mi-
croscope were classified based on the shape of MPs
particles is illustrated in Figure 3. Fragment was the
most dominant shape of MPs found of each island,
followed by fiber, pellet and films (Figure 4). Frag-
ment and film are categorized as MPs secondary,
while the fiber and pellet are come from MPs prim-
er which fabric form is made in a small size. Due to
physically, chemically and biologically process the
MPs secondary will be exposure, will be degraded
become smaller pieces. These findings had similar
pattern related due these fragments were resulted
from break down, abrasion, and weathering of
larger plastic products and are transported over the
ocean (Jaini & Namboothri, 2022).

Overall, the shape of MPs effects the physical
process that influence the distribution of MPs by

(a)

_(b)

(c)

Lo

(d)

Figure 3. Examples of shapes of MPs discovered in the Seruni Island, which
identified as: (a) fragment, (b) fiber, (c) film, and (d) pellet
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advection, turbulence, negative buoyancy (sink-
ing) or positive buoyancy (floating), transporting
by wind, coastal wash off, transport by sediment
gravity flow (Shamskhany, et al., 2021). More-
over, the process of biofouling and fragmentation
play important roles in MPs transportation (Wald-
schlager et al., 2020). Furthermore, the ratio of
outer surface area to volume is influenced by the
shape of the MPs (Ballent et al., 2016), such as
fibers and filaments will sink more quickly when
exposed to biofouling compared to fragments and
beads which are slower to respond to biofouling.
So that, the fragment found mostly in the surface
water due to it had large surface than other MPs
so it required more time to get process to respond
the biofouling and get sinking. While the fibers
were figured lesser than fragment caused by it had
small surface and it will sink faster when it goes
biofouling. However, the surface roughness of
MPs as well governs the biofouling process.

 =26.854um

Hereinafter, pellets were the most found in third
rank. Uniquely, pellets were found dominantly in
Karimunjawa Island and Seruni Island, since both
islands are inhabited island. Pellets are character-
ized as MPs with spherical and cylindrical shapes
and categorized as primary MPs (Fig. 4). Source of
pellets are produced from industrial from recycle or
without recycled material (virgin plastic).

Films was the lowest of MPs found in this re-
search. This type of film is characterized a piece
of plastic that has a very thin layer in the form of a
sheet with a low density (Dewi et al., 2015). Many
of these microplastics come from cuts and degra-
dation of plastic bags including as secondary MPs.
Almost have similar pattern, films mostly found in
Karimunjawa Island as center of capital and Sintok
Island especially in station 4 which located nearest
the both Island namely Karimunjawa Island where-
as the capital of Karimmujawa Island and Tengah
Island which has been construction process.

/' L=798718um

L=1518.585um

L=608.296um

Figure 5. Example of MPs based on size class
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Size of MPs in MPA and non-MPA zone

The sample of varied MPs size was presented
in Figure 5. Overall, the size of MPs was catego-
rized as 4 classes, such as: 1-10 pm, 1-50 pm, 50—
250 um, and 250-1000 um. In Figure 6, it could
be seen that the size class of 1-50 um was the size
class that dominate in the four islands. The pre-
dominance of small sizes correspond to the coast-
al environment’s tendency to fragment become
smaller microplastics. The tendency for fragmen-
tation was due to the presence of UV light, physi-
cal erosion by wave energy, oxidation (Cole et al.,
2011), and turbulence of ocean currents (Barnes et
al., 2009; Auta et al., 2017). In addition, the frag-
mentation process occured due to microorganisms
(Hidalgo-Ruz et al., 2012). The smaller the size
of the plastic, the greater the diversity of the biota
or organisms affected (Barnes et al., 2009; Auta et
al., 2017). Kankili¢ et al., (2023) highlighted the
correlation marine biota size and MPs consump-
tion, the MPs size with range 0.3—3.0 mm mostly
frequency found inside marine biota that stressing
the size selective uptake by organism. Moreover,
the mesh size of plankton net used in this research
was 95 um, so that mostly the smaller size of MPs
was filtered in this research.

MPs Size also contributed the transportation
of MPs itself. Due to its small size, the movement
of MPs was compared to the sediment’s size, such
as MPs size of 5 mm as equal as fine gravel, while
MPs size of 10 pm as similar as silt (Shamskhany
et al., 2021). Moreover, the size of sediment is a
factor that predispose effect to the hydrodynam-
ics process (Yang and Shi, 2019). Furthermore,
the MPs size effected the process of MPs biofoul-
ing and defouling that prompting MPs sinking or
floating (Kooi et al., 2017).
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Color of MPs in MPA and non-MPA zone

Figure 7 showed the color of MPs discov-
ered in four islands. Black was the dominant of
MPs color found, then was followed by white,
blue, red, brown and green color (Figure 8).
Moreover, most of MP’s color was black due to
it was sourced from recycled plastic for pack-
aging (Damanik, 2012). Furthermore, the col-
or of MPs affects the level of toxicities (Chen
et al., 2020). However, the fishes preferred
to swallow the colorful of MPs than the dark
color due to they suspect they are small fishes
(Okamoto et al., 2022).

Polymer type of MPs in MPA and non-MPA
zone

Examining the polymers of MPs in this re-
search used Fourier transform infraRed. FTIR
was using infrared to identify the characteristic
of polymer materials and analyze the functional
group. The principle of FTIR figured out the re-
sidual spectra by absorbing energy using infrared,
so it worked based on movement of a molecule
(Warrier et al., 2022). Each group in a molecule
generally has its unique characteristics indicated
with specific wave numbers so that FTIR could be
used to detect specific groups in polymers.

Furthermore, these wave numbers were used
as input in the open-source platform “Open Spe-
cy” (https://openanalysis.org/openspecy/) (Cow-
ger et al., 2021) for examining the MPs polymer.
Identification polymer processing was by com-
paring research data (white line) with reference
spectrum data (red line) to identify the length of
the Infrared spectra or wave number (Xu et al.,
2019) as shown in Figure 9.

Sintok 2

Sintok 3 Sintok 4

Seruni 2

Seruni 1

Station

250-1.000 pm

Figure 6. Size of MPs per island in KNP (items/L)
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~

Figure 7. MPs particles based on color in Seruni Island for which identified as red color (red circle), brown
(brown circle), blue (blue circle), green (green circle), black (black circle), and white (grey circle)
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126

Menjangan Besar Island Station 2 (https://openanalysis.org/openspecy/)

Seruni 2



Journal of Ecological Engineering 2024, 25(4), 119-130

Table 1. MPs polymer types based on FTIR analysis

Zone utilization

Station

Type of polymer

Menjangan Besar St. 1

HDPE, LDPE, PP

Marine tourism

Menjangan Besar St. 2

HDPE, Nylon, PVC

(Non-MPA Zone)

Menjangan Besar St. 3

ABS, HDPE, PP

Menjangan Besar St. 4

ABS, HDPE, LDPE, PP

Settlement & Port

Karimunjawa St. 1

ABS, HDPE, LDPE, PP

(Non-MPA Zone)

Karimunjawa St. 2

HDPE, LDPE, PP

Sintok St. 1 ABS, HDPE, LDPE, PP
Conservation Sintok St. 2 ABS, HDPE, LDPE, PP
(MPA Zone) Sintok St. 3 ABS, HDPE, LDPE
Sintok St. 4 ABS, HDPE, PP
Non-KNP Seruni St. 1 HDPE, Nylon
(Non-MPA Zone) Seruni St. 2 PET

The polymers type of MPs found in this re-
search as much as 7 types of polymers i.e., high-
density polyethylene (HDPE), low-density poly-
ethylene (LDPE), polypropylene (PP), nylon,
polyvinyl chloride (PVC), acrylonitrile butadiene
styrene (ABS), polyethylene terephthalate (PET)
as shown in Table 1. HDPE, LDPE, and PP were
mostly of polymer types of MPs discovered in
four islands. These findings were in line with Kan-
nankai ez al. 2022 showed that the high number of
Polyolefins such as polyethylene (PE) and poly-
propylene (PP) in the marine environment can be
attributed to their extensive worldwide production
and consumption, which is manifold compared to
other. Most of things such as household, clothing,
electrical material using plastic of polyethylene
(PE), while for food packaging dominantly use
polypropylene (PP), since these plastic materials
that are flexible and easy to shape.

Moreover, the polymer of MPs of nylon were
limited discovered in 2 stations i.e., Menjangan Be-
sar Station 2 and Seruni Station 2 due to distance to
the settlement area Karimunjawa Island and Seruni
Island that so many source of nylon such as fish
net, clothes, that made from textile fiber that has
strength, elasticity and transparency. Despite PVC
and PET were found smaller in four islands, how-
ever it become concern due to it has high of level
toxic, especially it needs time 50-1000 years to
disjoint the polymer and harm impacted to health
marine ecosystem (Yuan et al., 2022)

CONCLUSIONS

In this study, MPs were higher in MPA zone
than non-MPA zone, indicating the threat of MPs

encroaching on marine protection area that has
high biodiversity even though it is uninhabited
island. Moreover, the MPs characteristics also
played important roles for the ingestion by marine
organism including shape, size, color and poly-
mer. The majority of MPs were fragments and
size group of 1-50 um and it potentially split into
smaller size such as nano MPs that brought more
dangerous to marine biota if they swallowed them.
Black-color HDPE, LDPE, and PP were observed
dominantly in the study area. A higher abundance
of MPs in MPA zone sources from anthropogenic
activity such as main pollutant source, as well
as population, human behaviours. Moreover, the
transportation of MPs is influenced by physi-
cal oceanography aspects such as current, tidal,
waves, air-sea interactions that govern the advec-
tion, turbulence, and it strengthened the MPs were
carried away from its surrounding from the nearby
island where there was cottage construction and
others island densely populated. Since, MPA has
high ecological values, so this study highlights the
urgency of better controlling marine debris espe-
cially MPs pollution due to it generates lethal im-
pact on marine organism especially on vertebrate
fauna such as turtles that be protected and become
spawning destination in MPA island.

Acknowledgments

This research was carried out using research
grants from the Faculty of Fisheries and Marine
Sciences, Diponegoro University, Semarang,
Indonesiaa source of funds other than the State
Budget of Diponegoro University for Year 2023,
Number: 67/UN7.F10/PM/I11/2023. Moreover,

127



Journal of Ecological Engineering 2024, 25(4), 119-130

researchers would like thanks to Karimunjawa
National Park Agency (KNPA) for allowing the
author to conduct research in Karimunjawa Na-
tional Park (KNP), Central Java, Indonesia with
a Conservation Area Entry Permit Number: 1476/
T-34/TU/SIMAKSI/ 04/2021.

REFERENCES

1.

Alam, F.C., & Rachmawati, M. 2020. Microplastic
research development in Indonesia Journal of Pre-
cipitation 17(3), 344-352. [in Indonesian] https://
doi.org/10.14710/presipitasi.v17i3.344-352

Alhaq, M.S., Suryoputro, A.A.D., Zainuri, M., Mus-
lim., & Marwoto, J. 2021. Analysis of chlorophyll-a
distribution and water quality in the waters of Sin-
tok Island, Karimunjawa, Central Java. Indonesian
Journal of Oceanography 3(4), 01-12. [in Indone-
sian] https://doi.org/10.14710/ijjoce.v3i4.11728

Anggrahini, W., Andromeda, V.F., Abritia, R.N., &
Putra, LM.W.S. 2022. Sea transportation strategy
to support tourism development in Karimunjawa.
Journal of Marine Transportation Research 24(1),
11-20. [in Indonesian] http://dx.doi.org/10.25104/
transla.v24i1.1947

Arthur, C., Baker, J., & Bamford, H. 2009. Proceed-
ings of the International Research Workshop on the
Occurrence, Effects, and Fate of Microplastic Ma-
rine Debris. Group, (January): 530.

Auta, H.S., Emenike, C.U., Fauziah, S.H. 2017.
Distribution and importance of microplastics in the
marine environment. A review of the sources, fate, ef-
fects, and potential solutions. Environ. Int. 102, 165—
176. https://doi.org/10.1016/j.envint.2017.02.013

Ballent, A., Corcoran, P. L., Madden, O., Helm,
P. A., & Longstaffe, F. J. 2016. Sources and sinks
of microplastics in Canadian Lake Ontario near-
shore, tributary and beach sediments. Mar. Pol-
lut. Bull. 110, 383-395. https://doi.org/10.1016/j.
marpolbul.2016.06.037

Barnes, D.K., Morley, S.A., Bell, J., Brewin, P., Brig-
den, K., Collins, M., Glass, T., GoodallCopestake,
W.P,, Henry, L., Laptikhovsky, V., Piechaud, N.,
Richardson, A., Rose, P., Sands, C.J., Schofield, A.,
Shreeve, R., Small, A., Stamford, T., & Taylor, B.
2018. Marine plastics threaten giant Atlantic Marine
Protected Areas. Curr. Biol. 28, R1137-R1138. https://
doi.org/10.1016/j.cub.2018.08.064

Bergmann, M., Wirzberger, V., Krumpen, T., Lorenz,
C., Primpke, S., & Tekman, M.B. 2017. High quan-
tities of microplastic in Arctic deep-sea sediments
from the Hausgarten observatory. Environ. Sci. Tech-
nol. 51, 11000-11010. doi: 10.1021/acs.est.7b03331

Berry, K.L.E., Epstein, H.E., Lewis, P.J., Hall, N.M.,
& Negri, A.P. 2019. Microplastic contamination has

128

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

limited effects on coral fertilisation and larvae. Diver-
sity 11(12), 228. https://doi.org/10.3390/d11120228

Capo, X., Company, J.J., Alomar, C., Compa, M.,
Sureda, A., Grau, A., Hansjosten, B., Lopez-Vazquez,
J., Quintana, J.B., Rodil, R., & Deudero, S. 2021.
Long-term exposure to virgin and seawater exposed
microplastic enriched-diet causes liver oxidative stress
and inflammation in gilthead seabream Sparus aura-
ta, Linnaeus 1758. Sci. Total Environ. 767, 144976.
https://doi.org/10.1016/].scitotenv.2021.144976

Carbery, M., Herb, F., Reynes, J., Pham, C.K.,
Fong, W., & Lehner., R. 2022. How small is the big
problem? Small microplastics. Marine Pollution
Bulletin, 184, 114179. https://doi.org/10.1016/j.
marpolbul.2022.114179.

Chemello, G., Trotta, E., Notarstefano, V., Papetti, L.,
Renzo, L.D., Matiddi, M., Silvestri, C., Carnevali, O.,
& Gioacchini, G.2023. Microplastics evidence in yolk
and liver of loggerhead sea turtles (Caretta caretta),
a pilot study. Environmental Pollution 337, 122589.
https://doi.org/10.1016/j.envpol.2023.122589.

Chen, Q., Li,Y., & Li, B. 2020. Is color a matter of
concern during microplastic exposure to Scenedes-
mus obliquus and Daphnia magna? Journal of
Hazardous Materials, 383, 121224. https://doi.
org/10.1016/j.jhazmat.2019.121224.

Cole, M., Lindeque, P., Halsband, C., & Gallo-
way, T.S. 2011. Microplastics as contaminants in
the marine environment: a review. Mar. Pollut.
Bull. 62, 2588-2597. https://doi.org/10.1016/J.
MARPOLBUL.2011.09.025.

Cowger, W., Steinmetz, Z., Gray, A., Munno, K.,
Lynch, J., Hapich, H., Primpke, S., Frond, D.H.,
Rochman, C., & Herodotou, O. 2021. Microplastic
spectral classification needs an open-source commu-
nity: Open specy to the rescue! Analytical Chemis-
try 93, 7543-7548. https://doi.org/10.1021/acs.
analchem.1c00123.

Cutroneo, L., Reboa, A, Besio, G., Borgogno, F.,
Canesi, L., Canuto, S., Dara, M., Enrile, F., Forioso,
I., Greco, G., Lenoble, V., Malatesta, A., Mounier,
S., Petrillo, M., Rovetta, R., Stocchino, A., Tesan, J.,
Vagge, G., & Capello, M. 2020. Correction to: Mi-
croplastics in seawater: sampling strategies, labora-
tory methodologies, and identification techniques
applied to port environment. Environmental Science
and Pollution Research, 27(16): 20571. https://doi.
org/10.1007/s11356-020-07783-8

Damanik, E. 2012. The behavior of consumer in us-
ing recycled plastic crackle as container of readyto-
eat food at Pusat Pasar Tavip Binjai Jurnal Precure
1,18-14. [Indonesian]

Dewi, I.S., Budiarsa, A., Ritonga, R 1., 2015. Distri-
bution of microplastics in sediment in Muara Badak,
Kutai Kartanegara Regency. DEPIK 4. [in Indone-
sian] https://doi.org/10.13170/depik.4.3.2888.

Esiukova, E., Lobchuk, O., Haseler, M., &



Journal of Ecological Engineering 2024, 25(4), 119-130

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Chubarenko, 1. 2021. Microplastic contamination
of sandy beaches of national parks, protected and
recreational areas in southern parts of the Baltic Sea.
Marine Pollution Bulletin 173 (113002). https://doi.
org/10.1016/j.marpolbul.2021.113002

Garc’es-Ordo nez, O., Saldarriaga-V elez, J.F., Es-
pinosa-Diaz, L.F., Canals, M., Sanchez-Vidal, A., &
Thiel, M. 2022. A systematic review on microplastic
pollution in water, sediments, and organisms from
50 coastal lagoons across the globe. Environmental
Pollution 315 (120366). https://doi.org/10.1016/j.
envpol.2022.120366

Gunawan, A., Purwanto., & Satriadi, A. 2017. Direc-
tional Wave Spectrum Analysis in Karimunjawa Wa-
ters, Jepara Regency. Journal of Oceanography, 6(1):
01-09. http://ejournal-s1.undip.ac.id/index.php/jose

Hall, N.M., Berry, K.L.E., Rintoul, L., & Hoogen-
boom, M.O. 2015. Microplastic ingestion by sclerac-
tinian corals. Mar. Biol. 162, 725-732. d0i:10.1007/
s00227-015-2619-7

Hartmann, N.B., Hiiffer, T., Thompson, R.C.,
Hassellov, 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., & Wagner, M.
2019. Are we speaking the same language? Recom-
mendations for a definition and categorization frame-
work for plastic debris. Environ. Sci. Technol. 53,
1039-1047. https://doi.org/10.1021/acs.est.8b05297

Himawan T., & Lestari, E.M. 2016. Quay Developing
Program in Karimun Jawa Port to Supporting Tour-
ism Activities. J. Pen.Transla 18(2), 92-101. [in Indo-
nesian] https://doi.org/10.25104/transla.v18i2.1390

Huang, W., Chen, M., Song, B., Deng, J., Shen, M.,
Chen, Q., Zeng, G., & Liang, J. 2021. Microplas-
tics in the coral reefs and their potential impacts on
corals: A mini-review. Science of The Total Envi-
ronment, 762 (143112). https://doi.org/10.1016/].
scitotenv.2020.143112

Huang, W., Chen, M., Song, B., Deng, J., Shen, M.,
Chen, Q., Zeng, G., & Liang, J. 2021. Microplas-
tics in the coral reefs and their potential impacts
on corals: A mini-review. Science of The Total En-
vironment, 762, 143112. https://doi.org/10.1016/j.
scitotenv.2020.143112

Jaini, M., & Namboothri, N. 2022. Boat paint and
epoxy fragments - Leading contributors of micro-
plastic pollution in surface waters of a protected
Andaman bay. Chemosphere 312, 137183. https://
doi.org/10.1016/j.chemosphere.2022.137183

Januardi, R., Hartoko, A., & Purnomo, P.W. 2016.
Habitat analysis and changes in coral reef area on
Menjangan Besar Island, Karimunjawa Islands us-
ing satellite imagery. Manag Aquat Resour J 5 (4),
302-310. [in Indonesian] https://doi.org/10.14710/
marj.v5i4.14435

Kankilig, G.B., " Koraltan, I., Erkmen, B., Cagan,
A.S., Cirak, T., Ozen, M., Seyfe, M., Altindag, A.,

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

& ,anoglu, UN.T. 2023. Size-selective microplastic
uptake by freshwater organisms: Fish, mussel, and
zooplankton. Environmental Pollution 336 (122445).
https://doi.org/10.1016/j.envpol.2023.122445

Kannankai, M.P., Babu, A.J., Radhakrishnan,A.,
Alex, R.K., Borah, A., & Devipriya, S.P. 2022. Ma-
chine learning aided meta-analysis of microplastic
polymer composition in global marine environ-
ment. Journal of Hazardous Materials 440 (129801).
https://doi.org/10.1016/j.jhazmat.2022.129801.

.Khalid, N., Ageel, M., Noman, A., Hashem, M.,

Mostafa, Y.S., Alhaithloul, H.A.S., & Alghanem,
S.M. 2021. Linking effects of microplastics to
ecological impacts in marine environments. Che-
mosphere 264, 128541. https://doi.org/10.1016/].
chemosphere.2020.128541

Kooi, M., Nes, E. H. V., Scheffer, M., & Koelmans,
A. A. 2017. Ups and downs in the ocean: effects
of biofouling on vertical transport of microplastics.
Environ. Sci. Technol. 51, 7963-7971. https://doi.
org/10.1021/acs.est.6b0 4702

Kurniawan, R.R., Suprijanto, Y., & Ridlo, A. 2021.
Microplastics in Sediments in Settlement Zones,
Marine Protection Zones and Land Use Zones in
Karimunjawa Islands, Jepara. Marina Oceanograph-
ic Bulletin 10(2), 189-199. [in Indonesian] https://
doi.org/10.14710/buloma.v10i2.31733

Lie, S., Suyoko, A., Effendi, A.R., Ahmada, B., Ad-
itya, H.W., Sallima, .R., Arisudewi, N.PA.N., Hadid,
N.I, Rahmasari, N., & Reza, A. 2018. Measurement
of microplastic density in the Karimunjawa National
Park, Central Java, Indonesia. Ocean Life, 2(2):54-
58. https://doi.org/10.13057/oceanlife/00202xx.

Marganita, D., Marwoto, J., & Widiaratih, R. 2022.
Study of the movement of microplastics with par-
cels in the waters of Sintok Island, Karimunjawa
Islands. Indonesian Journal of Oceanography
(IJOCE) 4(2),22-28. [in Indonesian] https://doi.
org/10.14710/ijoce.v4i2.14177

Matthews, S., Mai, L., Jeong, C.-B., Lee, J.-S,
Zeng, E.Y., & Xu, E.G. 2021. Key mechanisms of
micro- and nanoplastic (MNP) toxicity across taxo-
nomic groups. Comp. Biochem. Physiol. C Toxicol.
Pharmacol, 247, 109056. https://doi.org/10.1016/j.
cbpc.2021.109056.

Muchlissin, S.I., Widyananto, P.A., Sabdono, A., &
Radjasa, O.K. 2021. Abundance of microplastics in
reef ecosystem sediments in Karimunjawa National
Park Tropical Marine Journal 24(1),1-6. [in Indone-
sian] https://doi.org/10.14710/jkt.v2411.9865

Munasik., Romadhoni, A.A., & Helmi, M. 2021.
Comparation of spatial patterns conditions of coral
reefs Karimunjawa National Park. Maritime Jour-
nal, 14 (2),175-184. [in Indonesian] http://doi.
org/10.21107/jk.v14i2.11436

Nadia, M., Alkharis, N.H., & Malik, M.D.A. 2018.
Differences of coral reef and coral community fish

129



Journal of Ecological Engineering 2024, 25(4), 119-130

abundance condition based on zoning of Bengkoang
Island, Karimunjawa. Maritime Journal, 11(10), 88-94.
[in Indonesian] http://doi.org/10.21107/jk.v11i1.3709

40.Ningrum, E.W., & Mufti, P. 2022. Microplastic
contamination in Indonesian anchovies from four-
teen locations. Biodiversitas Journal of Biological
Diversity 23(1), 125-134. https://doi.org/10.13057/
biodiv/d230116

41. Okamoto, K., Nomura, M., Horie, Y., & Okamura,
H.2022. Color preferences and gastrointestinal-tract
retention times of microplastics by freshwater and
marine fishes. Environmental Pollution 304,119253.
https://doi.org/10.1016/j.envpol.2022.119253

42. Purnomo, P.W., Purwanti, F., & Akhmad, D.S. 2022.
Coral Reef Conditions at The Snorkeling Spots of
The Karimunjawa National Park, Indonesia. Croa-
tian Journal of Fisheries, 80: 77-86. https://doi.
org/10.2478/cjt-2022-0008

43.Reichert, J., Arnold, A.L., Hoogenboom, M.O.,
Schubert, P., & Wilke, T. 2019. Impacts of micro-
plastics on growth and health of hermatypic corals
are species specific. Environ Pollut 254, 113074.
https://doi.org/10.1016/j.envpol.2019.113074

44, Reichert, J., Schellenberg, J., Schubert, P., & Wilke,
T. 2018. Responses of reef building corals to mi-
croplastic exposure. Environ Pollut 237, 955-960.
https://doi.org/10.1016/j.envpol.2017.11.006

45. Salsabila, Indrayanti, E., & Widiaratih, R. 2022.
Karakteristik Mikroplastik Di Perairan Pulau Ten-
gah, Karimunjawa. Indonesian Journal of Oceanog-
raphy (IJOCE) 4(4):99-108. [in Indonesian] https://
doi.org/10.14710/ijoce.v4i4.15420

46. Satya, E.D., Sabdono, A., Wijayanti, D.P., Helmi,
M., Widiaratih, R., Agus Anugroho Dwi Suryoputra,
A.A.D.,Handoyo, G., & Puryajati, A.D. 2023. Map-
ping coral cover using Sentinel-2A in Karimunjawa,
Indonesia. Biodiversitas, 24(2), 827-836. https://
doi.org/10.13057/biodiv/d240219.

47. Senko, J.F., Nelms, S.E., Reavis, J.L., Witherington,
B., Godley, B.J., & Wallace, B.P. 2020. Understand-
ing individual and population-level effects of plastic

pollution on marine megafauna. Endanger. Species
Res. 43,234-252. https://doi.org/10.3354/ esr01064.

48. Seprandita, C.W., Suprijanti, Y., & Ridlo, A. 2022.
Abundance of Microplastics in the Waters of the Set-
tlement Zone, the Tourism Zone and the Protection
Zone of the Karimunjawa Islands, Jepara. Marina
Oceanographic Bulletin 11(1), 111-122. [in Indone-
sian] https://doi.org/10.14710/buloma.v11i1.30189

49. Shamskhany, A., Li, Z., Patel, P., & Karimpour,
S. 2021. Evidence of microplastic size impact on
mobility and transport in the marine environment:
A review and synthesis of recent research. Fron-
tiers in Marine Science, 8(760649) doi: 10.3389/
fmars.2021.760649.

50. Vasanthi, R. L., Arulvasu, C., Kumar, P., & Srinivasan,

130

P. 2021. Ingestion of microplastics and its potential
for causing structural alterations and oxidative stress
in Indian green mussel Perna viridis — a multiple
biomarker approach. Chemosphere. 283, 130979.
https://doi.org/10.1016/j.chemosphere.2021.130979

51. Virsek, M.K., Palatinus, A., Koren, S., Peterlin, M.,
Horvat, P., & Krzan, A. 2016. Protocol for Micro-
plastics Sampling on the Sea Surface and Sample
Analysis. Journal of Visualized Experiments 118.
https://doi.org/10.3791/55161

52. Waldschléager, K., Born, M., Cowger, W., Gray, A.,
& Schiittrumpf, H. 2020. Settling and rising ve-
locities of environmentally weathered micro-and
macroplastic particles. Environ. Res. 191:110192.
https://doi.org/10.1016/j.envres.2020. 110192

53. Wang, S., Zhong, Z., Li, Z., Wang, X., Gu, H., &
Huang, W. 2021. Physiological effects of plastic par-
ticles on mussels are mediated by food presence.
J. Hazard. Mater 404 (Pt A), 124136. https://doi.
org/10.1016/j.jhazmat.2020.124136

54. Warrier, A K., Kulkarni, B., Amrutha, K., Jayaram,
D., Valsan, G., & Agarwal, P. 2022. Seasonal varia-
tions in the abundance and distribution of micro-
plastic particles in the surface waters of a Southern
Indian Lake. Chemosphere 300, 134556. https://doi.
org/10.1016/j.chemosphere.2022.134556

55. Widiaratih, R., Maslukah, L., Triyulianti, I., Ruge-
bregt, M.J., Nurhidayat., Hascaryo, A.P., & Soba-
ruddin, D, P. 2023. Abundance, characteristics, and
distribution of microplastics in Banda Sea and Seram
Sea, Indonesia. IOP Conf. Series: Earth and Environ-
mental Science, ICTCRED 7th-2022, 1224:012026.
https://doi.org/10.1088/1755-1315/1224/1/012026

56. Widiaratih, R., Suryoputra, A.A.D., & Gentur
Handoyo. 2022. Correlation of chlorophyll-a between
nutrients and water quality in Seruni Island, Kari-
munjawa Indonesia. Jurnal Kelautan Tropis, 25(2),
249-256. [in Indonesian] https://doi.org/10.14710/
jkt.v25i2.14170.

57.Xu, J.L., Thomas, K.V,, Luo, Z., & Gowen, A.A.
2019. FTIR and Raman imaging for microplastics
analysis: State of the art, challenges and prospects.
TrAC Trends Anal Chem 119, 115629. https://doi.
org/10.1016/j.trac.2019.115629.

58. Yang, H., & Shi, C. 2019. Sediment grain-size char-
acteristics and its sources of ten wind-water coupled
erosion tributaries (the Ten Kongduis) in the Upper
Yellow River. Water 11:115.

59. Yuan, Z.,Nag, R., & Cummins, E. 2022. Ranking of
potential hazards from microplastics polymers in the
marine environment. J. Hazard. Mater. 429, 128399
https://doi. org/10.1016/j.jhazmat.2022.128399.

60. Zhao, S., Danley, M., Ward, J.E., Li, D., & Mincer, T.J.
2017. An approach for extraction, characterization and
quantitation of microplastic in natural marine snow
using Raman microscopy. Analytical Methods, 9(9),
1470-1478. https://doi.org/10.1039/C6AY02302A



