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Abstract

Data on the microplastic abundance in sea turtle nesting beaches of Southeast
Asia are limited. We sampled four sea turtle nesting beaches in the northern
and southern coastal areas of Terengganu, Malaysia between October and
November 2018, to investigate microplastic abundance, shape, and colour at
both high tide swash zone and dry dunes. Using optical observation, we
isolated 2,489 microplastic items, belong to four types: Fibres, fragments,
foam, and films. We found more microplastics at the high tide swash zone
(58%) compared to the dune zone. Fibres were the most common shape
(96.18%). Of the nine recognised colours found, black was the most
abundant (35.64%) followed by transparent (24.53%). Of the sites
investigated, those on the northern beaches had a higher abundance of
microplastics. The causes of this difference were discussed. This study
provides baseline data on microplastic contamination in Terengganu turtle
nesting beaches. It highlights the need for further research to identify the
effects on sea turtle nesting in this region.
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1 Introduction

In 2019, global plastic production increased to 359 million tonnes,
posing a growing threat to marine and terrestrial ecosystems. Asian industries
contribute half of this production (51%), with 30% from China and 21%
from other Asian countries [1].

Microplastics (MPs) can be defined as any solid synthetic organic
polymers with a particle size in the range of 0.001-5 mm [2]. Primary
microplastics are manufactured for a specific product, such as microbeads for
abrasives in cosmetics, toothpaste. Secondary microplastics are fragmented
particles derived from organic, synthetic polymer products used in the
environment [3].

MPs are detected worldwide within the marine habitats, including water
column, beach, subtidal and deep sea-sediment, arctic ice, freshwater bodies
[4]. Due to their size, MPs are ingested by most organisms in the food web;
and transferred through successive trophic levels, from planktons [5] to
molluscs [6], fish [7], birds [8], sea turtles [9], and humans [10].

Both the surface area and hydrophobic characteristics of MPs cause the
sorption and transfer of persistent organic pollutants (POPs),
Dichlorodiphenyltrichloroethane (DDT), dioxins, and Polychlorinated
biphenyls (PCBs) [5, 11]. Waves deposit microplastics and other marine
debris on sandy beaches after they were discharged from land-based sources
into marine waters [12].

Marine and coastal areas in Asia are some of the most plastic-polluted
regions globally [10]. The South China Sea is one of the most plastic
contaminated seas, with microplastics (size < 0.3 mm) contributing to 92% of
the total load [12]. Other plastic debris of 1-20 mm accounted for more than
60% of the total plastic contamination of tourist beaches on the South China
sea [13]. The Asian continental slope is the largest reservoir of microplastics
with an inventory of 295 tons, whereas the continental shelf and deep basin
are estimated to store 156 tons and 234 tons, respectively [12]. Inputs of
plastics from the land through riverine current, to the marine waters go
through beaching, drifting, and settling pathways until they reach temporary
reservoirs on beaches, tidal wetlands, and benthic marine sediments [14].

Peninsular Malaysia is located between the Strait of Malacca to the west
and the South China Sea to the east [15]. Of the Asian countries, Malaysia is
ranked eighth based on the total amount of plastic trash dumped into the seas.
About 22.9 million Malaysians live on the coast and are estimated to produce
1.52 kg/person of waste daily, with plastics representing 13% [16]. The
estimated annual marine debris in Malaysia ranges from 0.14 - 0.37 million
metric tons/year [17].
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Plastics were the most abundant type of trash in Port Dickson beaches on
the west coast [18]. Similar results were found in Sabah beaches [19].

Kuala Terengganu is one of the most contaminated beaches in Peninsular
Malaysia [20]. In this region, 38 beaches are known sea turtle nesting
beaches. The Terengganu state government identified a high level of marine
debris on or in these sandy beaches, which may pose a threat to both adult
and incubating clutches of sea turtles.

Sea turtles are highly sensitive to pollution. In particular, plastic
pollution [21] found that tracks of sea turtles that did not dig nests had the
highest plastics concentrations. This heavy pollution can cause adverse
effects, including sea turtle entanglement and entrapment for adult sea turtles
and hatchlings. On the other hand, due to the high specific heat, plastic
pollutants in sediments can increase temperature [22]. This increase in sand
temperature can impact temperature-sensitive species, such as the
temperature-dependent sex ratio in sea turtles, leading to female-biased
hatchlings or increase embryo mortality.

This study aims to estimate the microplastics spatial distribution from
northern and southern nesting beaches of sea turtles along the Terengganu
state facing the South China Sea. Isolated microplastics will be classified
according to type and colour, from the four sampled beaches. The different
occurrence levels among northern and southern beaches was discussed in
terms of marine currents, seasonal changes and contamination sources.

2 Materials and Methods
2.1 Description of Study Sites

From 13 October to 17 November 2018, just after Southwest Monsoons
(May to September), we carried out beach sediment collection at the end of a
sea turtle nesting season in Terengganu, represented the condition of the
nesting habitat in the second half of the nesting season when eggs develop
into hatchlings. Pantai Penarik Setiu and Pantai Pengkalan Atap represent the
northern part of Terengganu beaches, whereas Pantai Rantau Abang and
Pantai Ma' Daerah represent the southern part of Terengganu beaches (Figure
1). The description and status of each sampling site are:

a) Pantai Penarik, Setiu; secluded within the State Park, known as Setiu
Wetland area (5°37'05.0" N, 102°48'16.7" E). Green turtles (Chelonia
mydas) are still nesting here in good numbers (range value), as the site has
less human disturbance.

b) Pantai Pengkalan Atap, in Kuala Nerus; This site is an isolated
beach, with some human activity, at 05°27.444" N, 103°02.474" E. Based on
information from locals, green sea turtles are still nesting here.
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¢) Pantai Rantau Abang, in Dungun district, at 4°52' 9.26 "N, 103° 23'

33.11 "E. It was used to be one of the best nesting sites for the Leatherback
sea turtle Dermochelys coriacea until 2010 when breeding halted.

d) Pantai Ma' Daerah, Kerteh; onc of sea turtle sanctuaries in
Terengganu state, at 4° 32'22.19 "N, 103°28'15.54"E in Kemaman District,
established as a managed beach for turtle conservation since 1999 by the

Department of Fisheries Malaysia, BP, and WWF-Malaysia.
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Figure 1: Locations of sampling sites: (A) Pantai Penarik Setiu, (B) Pantai
Pengkalan Atap,(C) Pantai Rantau Abang, and (D) Pantai Ma’ Daerah.

2.2 Sample Collection and Extraction

We placed one line of transect at each site's centre perpendicular to the
shoreline. Quadrates of 0.25 m x 0.25 m set at high tide and dune zones.
Sand samples scooped using metal shovels to 5—6 cm [22]. Two sample
replicates were collected from each point (swash or dune zone). Sediment
samples then transferred into a 2 L clean sample container covered with
aluminium foil to avoid contamination and labelled, then stored in the fridge
at 4 °C until further analysis. Then samples were oven-dried for 24 hours at
40 °C to 60 °C, dry weight ranged from 3040 to 3058 grams. Sediment
samples, then sieved using stainless steel sieves with the following mesh
sizes: 125 um, 250 um, and 600 pm. We extracted microplastics from the

sediment following [23]. Sand samples separated into labelled 500 ml glass

beakers covered with aluminium foil. We left the mixture for a few minutes
to settle down impurities.
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2.3 Filtration

Water samples containing microplastics were filtered through 0.45 um
cellulose nitrate membrane filter paper using a vacuum pump. Filter papers
kept in Petri dishes, covered with foil and dried overnight in a desiccator.

2.4 Contamination Control

Tools and glassware rinsed with deionised water to avoid airborne
contamination. We used only metal and glass equipment during the sample
preparation. One procedural blank was included alongside each set of
samples, and no MPs were obtained from these samples, indicating that any
background pollution resulting from the experimental treatment was
negligible.

2.5 Physical Characterisation

Microplastic isolation was performed according to [24] Hidalgo-Ruiz et
al. (2012). Under 40x Olympus SD30 Stereo Microscope (Olympus Optical
Co., Japan), dried filter papers (containing microplastics) were examined and
classified according to [2], as: beads, fragments (sheets, hard and soft
granules, and flakes, including foam), or fibres (single and tangled or strands
of fibres), and colours (black, blue, brown, green, white, transparent, red,
yellow, and purple). Retrieved MPs were classified by colour for each
sampling transect type (High tide mark or dune sediments), and the relative
abundance of each MPs colour to the total MPs of that colour at each transect
type for all beaches was calculated. In this study, all MPs were verified using
the hot needle test. Although the hot needle test cannot be used to identify
MPs with polymer type, it is accepted as an economical way to verify
particles based on their response to a hot needle [25]. Microplastic pieces
were transferred into a glass vial containing deionised water using soft, thin-
tipped forceps.

2.6 Data Analyses
Relative microplastic abundance of shapes, colours and location, and
charts were produced using Microsoft Excel”. Comparison of microplastic

size classes abundance among sampled beaches was conducted using the R
statistical environment version 2.11.1 [26].
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3 Results
3.1 Distribution and Abundance of Microplastics at Study Sites

Two thousand four hundred -eighty-nine microplastics items were
isolated from all sampling sites combined. Pantai Penarik showed the highest
overall microplastic abundance, 41.27%, followed by Pantai Pengkalan Atap,
35.11%, while it was 14.62% at Pantai Rantau Abang and 8.99% at Pantai
Ma' Daerah. The combined distribution of microplastics between high tide
and dune areas showed some differences too. 58% of microplastics were
found at high tide mark, while the remaining 42% were in the dune area. All
beaches contained all four size MPs classes (> 125, 250, 600 pm). The two
northern beaches (Pantai Penarik and Pantai Pengkalan Atap) showed a
relatively higher abundance compared to the two southern beaches (Pantai
Rantau Abang and Pantai Ma' Daerah). Furthermore, about 55% of the MPs
size class (>125 pum) were reported from dune sediments of Pantai Penarik
(Figure 2). Comparing the relative abundance of each MPs size class among
the four sampled beaches, showed no significant differences, Kruskal Wallis
test H (5) = 0.25, P > 0.05.
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Figure 2: The relative abundance of MPs sizes (in pm) from high tide mark (HT)
and dune (D) sediments of four turtle nesting beaches in Terengganu; notice the
higher abundance within the two Northern beaches.
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3.2 Microplastics Shapes

All sampling sites contained fibre and fragment microplastics. Most
microplastics were fibres (96.18%) compared to other shapes (3.82%). Fibre
MPs dominated the shape types at all beaches and ranged from 93.94% at
Pantai Pengkalan Atap to 98.66 at Pantai Ma' Daerah. Fragment MPs also
found at all beaches, with the highest abundance (2.92%) were found at
Pantai Penarik, and lowest (0.91) was at Pantai Pengkalan Atap. The other
two shape types (Foam and Film) were found only in Pantai Pengkalan Atap
sediments, with an abundance of 4.92% and 0.23% respectively (Figure 3).
We found no beads in any of the four beaches.
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Figure 3: The MPs shape, composition in sediments of four nesting beaches in
Terengganu.

3.3 The Relative Abundance of Mps Colours at High Tide Mark
and Dune Sediments

Among the nine identified colours of microplastics found in this study,

black was the most abundant with 35.68%, followed by transparent with
27.65% and Red 13.24%. Other colours ranged from 0.78% for Yellow to
10.34% for Brown. Figure (4) shows the relative abundance of each MPs
colour at both high tide mark and dune sediments for each sampled beach.
At high tide mark samples, 21.2% (n= 1504) of black MPs were found in
Pantai Penarik, followed by Pantai Pergkalan Atap 13.9 % (n= 984), while
the lowest abundance was in Pantai Ma' Daerah with 5.9% (n= 416). A
similar trend was found in dune transect sediments, 24.6% (n= 1744) of
black MPs were found at Pantai Penarik followed by 17.4% (n= 1232) from
Pantai Pergkalan Atap, and the lowest abundance was at Pantai Ma' Daerah
4.3% (n=304).
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The brown-coloured MPs were highest in high tide mark sediments of
Pantai Pergkalan Atap with 24.6% (n= 504). It was lowest at Panati Ma'
Daerah, 5.1% (n= 104), while at dune sediments it was highest at Pantai
Penarik, 22.3 % (n= 456), and the lowest was at Pantai Rantau Abang, 2.3%
(n= 48). The blue-coloured MPs were almost equally distributed at high tide
mark sediments between Pantai Penarik, 19.7 % (n= 208), and at Pantai
Rantau Abang, 18.9 % (n= 200). In comparison, it was 24.2 % (n= 256) from
Pantai Penarik's dune sediments, and the lowest abundance was at Pantai
Pergkalan Atap with 5.3 % (n= 56). Green MPs were found at Pantai Penarik
high tide mark with 31.7 % (n= 264), while the lowest abundance was in
Pantai Ma' Daerah with 1.9% (n= 16). Within dune sediments, it was highest
at Pantai Penarik with 22.1 % (n= 184), and the lowest abundance was
reported from both Pantai Rantau Abang and Pantai Ma' Daerah with 4.8%
(n= 40) for each. The white MPs were found only in three samples, the high
tide mark sediments of Pantai Penarik with 4.3 % (n= 16). The highest
abundance reported at dune sediments of Pantai Pengakalan Atap, 93.5 %
(n= 344) and the lowest were from Pantai Ma' Daerah, 2.3% (n= 8). The
transparent MPs were found on all beaches in both high tide mark and dune
sediments, the highest abundance was at Pantai Pergkalan Atap within the
high tide mark sediments, with 21.4% (n= 1176), and the lowest from the
dune sediments of Pantai Ma' Daerah, 3.6 % (n= 200). For red-coloured
MPs, 26 % (n= 720) were found in Pantai Penarik high tide mark sediments,
followed by Pantai Pergkalan Atap, 19.9 % (n= 552), and the lowest 3.5 %
(n= 96) from Pantai Ma’ Daerah. Within the dune sediments, a similar trend
was observed, and both Pantai Rantau Abang and Panti Ma' Daerah showed
the lowest abundance, 4.3% (n= 8). The yellow MPs from high tide mark
sediments were equally abundant for both Pantai Penarik and Pantai Rantau
Abang, 21.4 % (n= 24) each. Similarly, between Pantai Pergkalan Atap and
Pantai Ma' Daerah, 7.1 % (n= 8). At the dune sediments, yellow MPs were
absent from Pantai Pergkalan Atap sediments, and it was highest at Pantai
Rantau Abang, 21.4 % (n= 24), followed by Pantai Penarik, 14.3 % (n= 16),
and the lowest reported from Pantai Ma' Daerah, 7.1 % (n= 8). Finally, the
Purple MPs were highest at high tide mark sediments from Pantai Rantau
Abang, 31.3 % (n= 40), followed by Pantai Penarik, 18.8 % (n= 24), while
they were lowest at Pantai Pergkalan Atap with 6.3 % (n= 8). Purple MPs
were absent from both Pantai Penarik and Pantai Pergkalan Atap dune
sediments, and only found at Pantai Rantau Abang 18.8 % (n= 24), and at
Pantai Ma' Daerah, 12.5 % (n= 16), Figure (4).

The above colour distribution shows variable results between the two
sampled sediment transects, which indicates a sort of difference in some
colours at each sediment type. It is likely that those found at high tide mark
sediments and absent from dune sediment, indicating possible recent
deposition.
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The source of these MPs (from river driven debris or via other land-
based sources), in addition to the beach geomorphology and the current
system, controls the presence and abundance of each of the colour MPs.
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Figure 4: Colour distribution of microplastics from high tide mark and dunes of four
turtle nesting beaches in Terengganu, Malaysia.

4 Discussion
4.1 Spatial Distribution

All four studied beaches were exposed various levels of microplastic
contamination, with the northern beaches the worst affected (Figure 2). Our
results are also in line with those of [27] in Kuala Nerus and Kuantan Rivers,
as they found Kuala Nerus River waters carries more microplastic load to the
sea than Kuantan River, which supports land based sources of microplastics.
The difference in grain size, current patterns, wave action, and wind
exposure can affect microplastic accumulation in sediments [3]. The
coastline of Terengganu is governed by the Northeast Monsoon (October to
March) and the Southwest Monsoon (May to September) every year [28].
The monsoonal season transports the sediment and influences the sand
characteristics and beach morphology [22]. Furthermore, seasonal change
between the northern monsoon (October to March) and the southwest
monsoon (May to September) controls the ocean currents along the
Terengganu coastline [29]. The current flow along the Terengganu coast is
southward during March-April and September-October [30]. Local winds can
be very influential in the sedimentation process during both inter-monsoon
and southeastern monsoon seasons.
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The circulation and wind are both weak during that period, leading to
limited mixing [31], which would slowly cause sediment accretion (building
up) of suspended microplastics and other marine debris on the beaches. More
recently [32] found that monsoon winds and effect from circulation in the
Gulf of Thailand controls the current speed and direction in Terengganu
waters. Southwest monsoon was also linked to higher marine debris
sedimentations in East Malaysia [33]. These findings are in line with the
results of the present study, as our sampling was conducted in early October,
just after the end of the southwest monsoon.

4.2 Microplastics Form and Colours

Among the four identified shapes of microplastics from the study area,
fibres were the most abundant shape type, followed by fragments. In
contrast, the Pantai Pengkalan Atap was the only site with Foam and film
shapes. Other research [34] found that the most common form of ingested
microplastics in bivalves in Setiu Wetland (near Pantai Penarik) was the
fibre. Similar results found in sediments from other countries in the Indian
Ocean [35], the northwest Mediterranean Sea [36], and Scotland [37].

Using washing machines can cause the release of extensive amounts of
microplastics (up to 1,900 fibres) by washing a single piece of clothing [38].
Microplastics are transported through sewage to treatment plants that release
its waters in rivers, to reach beaches.

Black colour MPs have dominated identified microplastic colours
(35.68%), followed by transparent (27.65%) and other colours (Figure 4).
Similar trends reported from Kuala Nerus and Kuantan rivers, Malaysia [27],
Jiaozhou Bay in China [39], and Bizerte lagoon, Tunisia [40]. Other colours
ranged from Red (13.24%) and less than 1% of the yellow colour. White was
absent in Pantai Rantau Abang beach, and it was the most common at Pantai
Pengkalan Atap. The extensive usage of polystyrene foam, in fishing gear
floats, can cause such dominance of white colour at Pantai Pengkalan Atap.
Diverse colours at all four sites reflect the full range of marine debris that
contributes to the formation of microplastics in the study area.

4.3 Potential Sources

The results showed more accumulation of microplastics within the high
tide mark zone compared to the dune zone. The high tide swash zone
showed more contamination level (58%). [22] found opposite results, with
more microplastics in the dune sediments and less in the swash zone. These
differences could reflect differences in the number of transects, due to area,
beach width, tide frequency, and differences in microplastic movement
patterns and more debris from land-based sources compared to Malaysian
sites.
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Pantai Pengkalan Atap showed higher levels of larger microplastic
particles (> 600 um), (Table 1), at both high tide zones (44.85%) and within
the dunes (43.88%). The accumulated marine debris from fishing and other
anthropogenic activities at this site can explain this [20]. While the other
three beaches have a lower anthropogenic impact, marine debris can also be
in the form of foam and film (both only reported from this site), with 4.95%
and 0.23%, respectively (Figure 2), similar results were found by [41] in
mangrove sediments of Malaysia, and [20] in beach sediments. The lack of
land-based sources of pollution pathway (Rivers) can explain (with other
factors) the lower level of microplastic contamination at the Ma' Daerah site.
The nearest river mouth located to the south of this site, i.e., River Kerteh
that opens at a small bay (Figure 1). This can limit the southward movement
of drifted microplastics, especially when we consider the north-south
direction of marine currents, before and during the study period. This site
also showed the highest relative abundance of fibres among all study sites
(98.66%) with a lower level of fragments (1.34%) with the other microplastic
types absent (Figure 2).

River input and fishing activities and other maritime operations are the
most contributing sources of microplastics in coastal waters [42]. The
incomplete removal of microplastics during the water and wastewater
treatment processes (released into rivers) cause the release of enormous
quantities to the environment [43]. It is essential in future to assess the
contribution of water, treatment of microplastic release in Malaysia. Other
sources can include microplastics drifted from land masses to the north and
east, during the NE monsoon, i.e. Vietnam, Philippines, Indonesia.

4.4 Ecological Implications

The increasing consumption and release of, plastic debris (of various
sizes) into the marine environment, can cause severe effects for both the
environment and biota. As microplastics washed up from the sea and
accumulated at beaches, it could affect beach fauna. Birds [8], small
mammals [44], sea turtles [9], and other reptiles are the vertebrates that use
the beaches as their foraging, nesting, and breeding ground. Impacts on these
animals can be in the form of direct ingestion, entanglement (of adults and
young). Debris in the nest chamber can prevent sea turtle hatchlings, from
emerging to the soil surface [45]. The microplastic content of sandy beaches
can also alter temperature and humidity [22], introduce other toxicants to the
sand [46]. Plastics have a higher specific heat compared to sand, especially
dark microplastics [22]. High microplastic levels within turtle nests sand, can
increase nest temperature, which would affect hatching success and cause
female-biased hatchling sex ratios [45].
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Unbalanced sex ratios in a population may lead to that population
extinction due to the failure of individuals to find mates. The results of the
present survey can add a factor to escalate the already proven female-biased
hatchling production in Malaysia [47]. More in-depth research is needed to
understand how microplastics types, colour, and abundance within the nest
substrate, can influence the thermal profile of the incubating nest, and impact
hatchlings fitness.

5 Conclusions

This study provides baseline data and a better understanding of
microplastic occurrence in sea turtle nesting beaches. All studied nesting
beaches found to contain microplastics.

Fibre type with dark and transparent colours was the most common.
Microplastic contaminated water flows with rivers to the coast, and changes
in seasonal marine currents both play a significant role in the movement and
accumulation process of these contaminants on sandy beaches. Sites away
from river mouths had lower contamination levels. We recommend the need
for a more in-depth and rigorous study, including expanding the number of
sampling sites, times and replicates and using more advanced methods of
modelling microplastic movements at sea [48], and identifying plastics,
polymer structure such as infrared or Raman spectroscopy.

6 Acknowledgements

The authors would like to extend gratitude to the Faculty of Science and
Marine Environment, Universiti Malaysia Terengganu, and Sea Turtle
Research Unit (SEATRU) for the technical and logistic support throughout
this research. The author also thank the UNESCO IOC-WESTPAC and the
members of the MRIG laboratory for their guidelines and technical support.

References

[1]Plastics Europe. Available online:
https://www.plasticseurope.org/en/resources/eco-profiles

[2]Kershaw PJ, Rochman CM.,”Sources, fate and effects of microplastics in
the marine environment: part 2 of a global assessment”, Joint Group of
Experts on the Scientific Aspects of Marine Environmental Protection
(GESAMP), 2015.

[3]Shim, Won Joon, Sang Hee Hong, and Soeun Eo, " Chapter 1-Marine
microplastics: abundance, distribution, and composition", Microplastic
Contamination in Aquatic Environments, pp. 1-26, 2018.

élﬂfpﬁa Publishers



Microplastic Occurrence in Seaturtle Nesting Beach Sediments from Terengganu,
Malaysia 5724

[4]Leslie, H. A., S. H. Brandsma, M. J. M. Van Velzen, and A. D. Vethaak.
"Microplastics en route: Field measurements in the Dutch river delta and
Amsterdam canals, wastewater treatment plants, North Sea sediments
and biota", Environment international, vol.101, pp. 133-142, 2017.

[5]Yeo, Bee Geok, Hideshige Takada, Rei Yamashita, Yohei Okazaki,
Keiichi Uchida, Tadashi Tokai, Kosuke Tanaka, and Nicole Trenholm.
"PCBs and PBDEs in microplastic particles and zooplankton in open
water in the Pacific Ocean and around the coast of Japan", Marine
Pollution Bulletin, vol.151, 2020.

[6]Pazos, Rocio S., Fernando Spaccesi, and Nora Gomez. "First record of
microplastics in the mussel Limnoperna fortunei”, Regional Studies in
Marine Science,vol.38,2020.

[7]Bermudez-Guzman, Luis, Crista Alpizar-Villalobos, Johan Gatgens-
Garcia, Gabriel Jiménez-Huezo, Marco Rodriguez-Arias, Helena Molina,
Javier Villalobos, Sergio A. Paniagua, José R. Vega-Baudrit, and Keilor
Rojas-Jimenez. "Microplastic ingestion by a herring Opisthonema sp. in
the Pacific coast of Costa Rica", Regional Studies in Marine Science,
vol.38, 2020.

[8]Provencher, Jennifer F., et al. "Quantifying ingested debris in marine
megafauna: a review and recommendations for standardization",
Analytical Methods, vol. 9, pp. 1454-1469, 2017.

[9]Duncan, Emily M., et al. "Microplastic ingestion ubiquitous in marine
turtles", Global change biology, vol.25, no. 2, pp. 744-752, 2019.

[10]Wang, Wenfeng, Hui Gao, Shuaichen Jin, Ruijing Li, and Guangshui
Na., "The ecotoxicological effects of microplastics on aquatic food web,
from primary producer to human: A review", Ecotoxicology and
Environmental Safety, vol.173, pp. 110-117, 2019.

[11]Serensen, Lisbet, Emilie Rogers, Dag Altin, Turgi Salaberria, and Andy
M. Booth. "Sorption of PAHs to microplastic and their bioavailability
and toxicity to marine copepods under co-exposure conditions",
Environmental Pollution, vol.258,2020.

[12]Cai, Minggang, Haixia He, Mengyang Liu, Siwei Li, Guowen Tang,
Weimin Wang, Peng Huang et al. "Lost but can't be neglected: huge
quantities of small microplastics hide in the South China Sea", Science
of the Total Environment, vol.633, pp.1206-1216, 2018.

[13]Zhao, Shiye, Lixin Zhu, and Daoji Li. "Characterization of small plastic
debris on tourism beaches around the South China Sea", Regional
Studies in Marine Science, vol.1, pp. 55-62, 2015.

[14]Zhang, Hua. "Transport of microplastics in coastal seas," Estuarine,
Coastal and Shelf Science, vol.199, pp.74-86, 2017.

élﬂfpﬁa Publishers



5725 Abdulmaula Hamza et.al

[15]Sany, Seyedeh Belin Tavakoly, Mohammad Tajfard, Majid Rezayi,
Mohammad A. Rahman, and Rosli Hashim, " Chapter 20 - The west
coast of Peninsular Malaysia", World seas: An environmental evaluation
(Second Edition) Volume II: the Indian Ocean to the Pacific, pp. 437-
458.2019.

[16]Jambeck, Jenna R., Roland Geyer, Chris Wilcox, Theodore R. Siegler,
Miriam Perryman, Anthony Andrady, Ramani Narayan, and Kara
Lavender Law. "Plastic waste inputs from land into the ocean", Science,
vol.347, no. 6223, pp.768-771, 2015.

[17]Tharee Kamuang, Orawan Siriatpiriya" Thailand, Country Chapter, State
of the 3Rs in Asia and the Pacific" United Nations Centre for Regional

Development, 2017. Available online:
https://www.iges.or.jp/en/pub/malaysia-country-chapter-state-3rs-asia-
and/en.

[18]Khairunnisa, A. K., Shahul Hamid Fauziah, and Pariatamby Agamuthu.
"Marine debris composition and abundance: A case study of selected
beaches in Port Dickson, Malaysia", Aquatic Ecosystem Health &
Management, vol.15, no. 3, pp. 279-286, 2012.

[19]Mobilik, Julyus-Melvin, Teck Yee Ling, Mohd-Lokman Husain, and
Ruhana Hassan. "Type and abundance of marine debris at selected public
beaches in Sarawak, East Malaysia, during the northeast monsoon",
Journal of Sustainability Science and Management, vol.9, no. 2, pp.43-
51, 2014.

[20]Fauziah, Shahul Hamid, I. A. Liyana, and Pariatamby Agamuthu,
"Plastic debris in the coastal environment: The invincible threat?
Abundance of buried plastic debris on Malaysian beaches", Waste
Management & Research, vol.33, no. 9, pp.812-821, 2015.

[21]Giindogdu, Sedat, irem Nur Yesilyurt, and Celal Erbas, "Potential
interaction between plastic litter and green turtle Chelonia mydas during
nesting in an extremely polluted beach", Marine pollution bulletin,
vol.140, pp.138-145, 2019.

[22]Beckwith, Valencia K., and Mariana MPB Fuentes, "Microplastic at
nesting grounds used by the northern Gulf of Mexico loggerhead
recovery unit", Marine pollution bulletin, vol. 131, pp.32-37, 2018.

[23]Thompson, R. C., Y. Olsen, R. P. Mitchell, A. Davis, S. J. Rowland, A.
W. G. John, D. McGonigle, and A. E. Russell. "Lost at sea: where is all
the plastic?”,Science, vol.304, 2004.

[24.Hidalgo-Ruz, Valeria, Lars Gutow, Richard C. Thompson, and Martin
Thiel. "Microplastics in the marine environment: a review of the methods
used for identification and quantification", Environmental science &
technology, vol. 46, no. 6, pp.3060-3075, 2012.

élﬂfpﬁa Publishers



Microplastic Occurrence in Seaturtle Nesting Beach Sediments from Terengganu,
Malaysia 5726

[25]Silva, Ana B., Ana S. Bastos, Celine IL Justino, Jodo P. da Costa,
Armando C. Duarte, and Teresa AP Rocha-Santos, "Microplastics in the
environment: Challenges in analytical chemistry-A review", Analytica
chimica acta, vol.1017, 2018.

[26]R Core Team “A language and environment for statistical computing.
Vienna, Austria: R Foundation for Statistical Computing”, 2020.
Available at: https://www.R-project.org/. Accessed August 1, 2020.

[27]Khalik, Wan Mohd Afiqg Wan Mohd, Yusof Shuaib Ibrahim, Sabiqah
Tuan Anuar, Sharumathiy Govindasamy, and Nor Fadilah Baharuddin.
"Microplastics analysis in Malaysian marine waters: A field study of
Kuala Nerus and Kuantan", Marine pollution bulletin, vol.135, pp.451-
457, 2018.

[28]Yaacob, Rosnan, Hasrizal Shaari, Noraisyah Sapon, Mohd Fadhli
Ahmad, Effi Helmi Arifin, Razak Zakariya, and Mohd Lokman Hussain.
"Annual changes of beach profile and nearshore sediment distribution off
Dungun-Kemaman, Terengganu, Malaysia." Jurnal Teknologi., vol.80,
no. 5, pp. 57-66, 2018.

[29]Ariffin, Effi Helmy, Manoj Joseph Mathew, Rosnan Yaacob, Mohd
Fadzil, Hasrizal Shaari Akhir, Muhammad Syakir Zufayri Zulfakar,
Mouncef Sedrati, and Nor Aslinda Awang. "Beach morphodynamic
classification in different monsoon seasons at Terengganu beaches,
Malaysia", Journal of Sustainability Science and Management, vol. 13,
no. 5, pp. 65-74, 2018.

[30]Mohd Akhir, Mohd Fadzil, Nur Zurairah Zakaria, and Fredolin Tangang.
"Intermonsoon variation of physical characteristics and current
circulation along the east coast of Peninsular Malaysia", International
Journal of Oceanography,vol.2014, pp. 1-9, 2014.

[31]Akhir, Mohd Fadzil Mohd. "Surface circulation and temperature
distribution of southern South China Sea from global ocean model
(OCCAM)", Sains Malaysiana, vol.41, no. 6, pp.701-714, 2012.

[32]Daud, Nurul Rabitah, Mohd Fadzil Akhir, and Mohd Lokman Husain,
"Water circulation in the shallow Shelf Areas off the Terengganu Coast
affected by wind stress force using a hydrodynamic model", Journal of
Sustainability Science and Management, vol.11, no.1(s), pp. 81-92. 2016.

[33]Mobilik, Julyus-Melvin, Teck-Yee Ling, M. Lokman, B. Husain, and R.
Hassan, "Type and quantity of marine debris at selected public beaches
in Sabah, Malaysia during different monsoon seasons", Borneo Science,
vol.38, pp. 13-24, 2017.

[34]Ibrahim, Yusof Shuaib, "Microplastics Ingestion by Scapharca cornea at
Setiu Wetland, Terengganu, Malaysia", Middle-East Journal of Scientific
Research, vol. 24, no. 6, pp. 2129-2136, 2016.

[35]Balasubramaniam, M. A. T. H. U. R. A., and Andrea D. Phillott,
"Preliminary observations of microplastics from beaches in the Indian
ocean." Indian Ocean Turtle Newsletter, vol. 23, pp.13-16, 2016.

élﬂfpﬁa Publishers



5727 Abdulmaula Hamza et.al

[36]Constant, Mel, Philippe Kerhervé, Morgan Mino-Vercellio-Verollet,
Marc Dumontier, Anna Sanchez Vidal, Miquel Canals, and Serge
Heussner. "Beached microplastics in the northwestern Mediterranean
Sea", Marine pollution bulletin, vol.142, pp. 263-273, 2019.

[37]Blumenrdder, Julian, Pauline Sechet, Jenni Elina Kakkonen, and Mark
GJ Hartl. "Microplastic contamination of intertidal sediments of Scapa
Flow, Orkney: a first assessment", Marine Pollution Bulletin, vol.124,
no. 1, pp.112-120, 2017.

[38]Van Cauwenberghe, Lisbeth, Lisa Devriese, Frangcois Galgani, Johan
Robbens, and Colin R. Janssen, "Microplastics in sediments: a review of
techniques, occurrence and effects." Marine environmental research,
vol.111, pp.5-17, 2015.

[39]Zheng, Yifan, Jingxi Li, Wei Cao, Xuehai Liu, Fenghua Jiang, Jinfeng
Ding, Xiaofei Yin, and Chengjun Sun, "Distribution characteristics of
microplastics in the seawater and sediment: a case study in Jiaozhou Bay,
China", Science of the Total Environment, vol.674, pp. 27-35, 2019.

[40]Toumi, Héla, Sami Abidli, and Mustapha Bejaoui, "Microplastics in
freshwater environment: the first evaluation in sediments from seven
water streams surrounding the lagoon of Bizerte (Northern Tunisia)",
Environmental Science and Pollution Research, vol. 26, no. 14,
pp-14673-14682, 2019.

[41]Barasarathi, Jayanthi, P. Agamuthu, C. U. Emenike, and S. H. Fauziah.
"Microplastic abundance in selected mangrove forest in Malaysia",
Proceeding of the ASEAN Conference on Science and Technology, pp.
1-5, 2014.

[42]Moore, C. J., G. L. Lattin, and A. F. Zellers, "Quantity and type of
plastic debris flowing from two urban rivers to coastal waters and
beaches of Southern California", Revista de Gestdo Costeira Integrada-
Journal of Integrated Coastal Zone Management, vol.11, no. 1, pp. 65-
73, 2011.

[43]Wu, Wei-Min, Jun Yang, and Craig S. Criddle. "Microplastics pollution
and reduction strategies", Frontiers of Environmental Science &
Engineering, vol.11, no.1, pp. 1-4, 2017.

[44]Lu, Liang, Zhiqin Wan, Ting Luo, Zhengwei Fu, and Yuanxiang Jin,
"Polystyrene microplastics induce gut microbiota dysbiosis and hepatic
lipid metabolism disorder in mice", Science of the Total Environment,
vol.631, pp.449-458, 2018.

[45]Nelms, Sarah E., Emily M. Duncan, Annette C. Broderick, Tamara S.
Galloway, Matthew H. Godfrey, Mark Hamann, Penelope K. Lindeque,
and Brendan J. Godley. "Plastic and marine turtles: a review and call for
research", ICES Journal of Marine Science, vol.73, no. 2, pp.165-181,
2016.

[46]Caruso, Gabriella. "Microplastics as vectors of contaminants", Marine
pollution bulletin, vol.146, pp.921-924, 2019.

élﬂfpﬁa Publishers



Microplastic Occurrence in Seaturtle Nesting Beach Sediments from Terengganu,
Malaysia 5728

[47]Chan, E. H., and H. C. Liew, "Incubation temperatures and sex-ratios in
the Malaysian leatherback turtle Dermochelys coriacea", Biological
Conservation, vol.74, no. 3, pp.169-174, 1995.

[48]Jensen, Lene H., Cherie A. Motti, Anders L. Garm, Hemerson Tonin,
and Fredericke J. Kroon. "Sources, distribution and fate of microfibres
on the Great Barrier Reef, Australia", Scientific reports, vol. 9, no. 1, pp.
1-15,2019.

Biographies

Abdulmaula Hamza is working in Faculty, Department of Science and
Marine Environment, Universiti Malaysia Terengganu, Kuala Nerus,
Terengganu, Malaysia.

Mohd Aidil Mohd Khir is working in Faculty, Department of Science and
Marine Environment, Universiti Malaysia Terengganu, Kuala Nerus,
Terengganu, Malaysia.

Mohd Uzair Rusli Institute of Oceanography and Environment (INOS),
Universiti Malaysia Terengganu,Kuala Nerus, Terengganu, Malaysia

émpﬁa Publishers



5729 Abdulmaula Hamza et.al

Yusof Shuaib Ibrahim is working in Microplastics Research Interest Group
(MRIG), Faculty of Science and Marine Environment, Universiti Malaysia
Terengganu, Kuala Nerus, Terengganu, Malaysia.

émpﬁa Publishers



