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Abstract
Microplastics are pollutants with uncertain behaviors; they have mysterious impacts on marine
environments. In the present study, surface water samples from 25 different locations in the Inner Gulf of
Thailand were collected to assess the distribution of microplastic contamination. Microplastics were
visually counted and identi�ed by Fourier-transform infrared microscopy. The results revealed that the
average total abundance of microplastics (125–5000 µm) was 9.97 pieces/L (1.55 ng/L). Microplastics
sized 125–300 µm were most abundant at all the sampling sites, accounting for 68% of the total
microplastics. Fiber (35%) and fragment (34%) were the predominant microplastic shapes in the surface
water. Polyethylene, polypropylene, and poly(ethylene propylene) accounted for the most prevalent
polymer types. The present �ndings revealed that the Inner Gulf of Thailand is moderately polluted by
microplastics of different sizes, shapes, and types, which may pose a potential risk to coastal
ecosystems.

Introduction
Plastic is a dynamic material that has widespread applications; however, it poses a signi�cant threat to
marine ecosystems. It is estimated that between 4.8 and 12.7 million tons of plastic debris entered the
oceans in 2010 and that this number may increase to 100–250 million tons by 2025 (Jambeck et al.
2015). Consequently, marine plastic debris is considered an alien solid interacting with natural
environmental components. The term microplastic (MP) debris refers to plastic particles (also known as
plasticles) smaller than 5 mm that are manufactured (primary MPs) and small pieces that emerge from
the fragmentation of large plastic debris (secondary MPs) (Cole et al. 2011). The behavior of MPs has
been continuously studied to determine where and how they affect the environment.

After being released into a dynamic aquatic environment, MPs are transported and transformed by
physical, chemical, and biological processes. River discharge, wind, waves, and surface currents are the
main factors inducing the horizontal transport of MPs, which mostly �oat on surface water (Zhang
2017). Plastics are activated by ultraviolent radiation, temperature, and weathering processes in the
environment and become yellow and fragmented as a result of photooxidative reactions, thermal
reactions, and mechanical forces (e.g., wave action, abrasion with sand, or contact with animals)
(Andrady 2011, Andrady 2017). MPs not only �oat on surface water but also sink to the water column
and accumulate in sediments. Plastics generally settle when they are denser than seawater, e.g.,
polyvinylchloride (PVC) (1.16–1.58 g/cm3). On the other hand, lighter plastics are subject to biofouling;
natural compounds accumulating on the plastic surface can increase their density and sedimentation on
the seabed (Zhang 2017, Hidalgo-Ruz et al. 2012, Chubarenko et al. 2016, Wang et al. 2016). With
environmental movement and aggregation processes, MPs can be transported to all components of the
ecosystem while being degraded simultaneously.

The ecological impacts of the environmental transformation of MPs have been discussed in terms of the
intrinsic toxicity of plastics and the pollutants that are adsorbed or released from MPs. The exposure of
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MPs to the environment increases oxidative stress and inhibits various metabolic pathways. Moreover,
given their bioinert nature, ingested pseudo-food MPs can get accumulated in the gastrointestinal tract
and result in reduced food consumption (Anbumani and Kakkar 2018). For instance, the photosynthesis,
electron transportation rate, reaction center activity, and e�ciency of the oxygen-evolving complex in the
phytoplankton Chlorella pyrenoidosa were found to decrease after exposure to polystyrene in the culture
media (Mao et al. 2018). As a result, electrons accumulated in the cell and oxygen species increased. The
alga was thus under oxidative stress, which stimulated lipid peroxidation and damaged the cell
membrane. In addition, the toxicity of MPs can be viewed as a vector for accumulating and transferring
toxic substances to the ecosystem. The high partition coe�cient of MPs indicates their strong potential
for the persistent adsorption of organic pollutants (Huffer et al. 2018, Rochman et al. 2013, Wang and
Wang 2018). Furthermore, MPs can accumulate heavy metals (Ashton et al. 2010, Rochman et al. 2014,
Munier and Bendell 2018, Wang et al. 2017). However, both toxic organic and heavy metal compounds
may consist of additive chemicals used in plastic products (Hahladakis et al. 2018). The adsorption and
desorption of toxic chemicals on plastics can be explained on a case-by-case basis in terms of how they
affect the release of toxic biota or exclude toxic components from them (Koelmans et al. 2016). It is very
important to assess the fate and transportation of MPs in order to obtain information about their effects
on and behavior in the environment.

The impacts of MP contamination are of concern; it is estimated that 0.2–0.4 million metric tons of
plastics entered the sea from Thailand in 2010 (Jambeck et al. 2015). The Inner Gulf of Thailand (Fig. 1)
is a shallow, semi-enclosed bay located below the largest land area of the country. It is a valuable
resource for economic and ecological services. Above the Inner Gulf of Thailand, the Mae Klong, Tha
Chin, Chao Phraya, and Bang Pakong rivers transport fresh water along with pollutants from the
mainland. The surface current thorough the Inner Gulf of Thailand is mainly regulated by monsoon winds
and is possibly related to northward river water discharge. The current exhibits clockwise circulation
during the southwest monsoon period (May–August) and some counterclockwise circulation during the
northeast monsoon period (November–January) (Buranapratheprat 2008). In addition, recreational
beaches and industrial areas are located on the western and eastern sides of the Inner Gulf of Thailand.
As it is known that plastics are sourced from anthropogenic activities, it can be accepted that plastic
waste from various sources surrounding the land enters this area. Importantly, the plastics could be
fragmented to MPs by the physicochemical dynamic reactions of river and beach environments. These
MPs may either accumulate in the gulf or get exported to the open sea.

However, little information has been published about MPs in the Inner Gulf of Thailand. As per reported
data, sessile invertebrates in the eastern coast of the gulf accumulate MPs at a level of 0.2–0.6 pieces/g
(Thushari et al. 2017). Moreover, MP contamination has been reported to increase signi�cantly from
sediments in the 6–12 cm layer (dating from the 1980s) to surface sediments (dating from the 2000s)
(Matsuguma et al. 2017). The present study aimed to assess the abundance and characteristics of MPs
contaminating the surface water of the Inner Gulf of Thailand. We assessed the concentrations, sizes,
shapes, and types of MPs in the Inner Gulf of Thailand and compared them with those of MPs in other
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international waters. Our �ndings will provide background information for plastic waste management in
the Inner Gulf of Thailand.

Methodology
Sample collection

Samples of MPs in water were collected from 25 locations in the Inner Gulf of Thailand (Figure 1) in
December 2017. Suspended solids in 100–200 L of surface water (0–20 cm depth) were collected using
a clean bucket and �ltered through a 125 µm phytoplankton net. The mixture of particles was transferred
to new polypropylene (PP) bottles that were deeply cleaned using a surface-active cleaning agent and
rinsed with distilled water. Before analysis, the samples were stored in cool and dark containers for
preserving the microbial activities.

Analysis of microplastics

The MP analytical protocol was modi�ed from Methods for the Analysis of Microplastics in Water
Samples, the protocol mentioned in Laboratory Methods for the Analysis of Microplastics in the Marine
Environment: Recommendations for Quantifying Synthetic Particles in Waters and Sediments by the
National Oceanic and Atmospheric Administration (NOAA) (Masura et al. 2015). Before the identi�cation
of MPs, the mixed solids in the samples were sieved into sizes of 125–300, 300–1000, and 1000–5000
µm. After removing the organic contents, hydrogen peroxide (H2O2, Merck KGaA, Germany) and ferrous
sulfate (FeSO4, Ajax Finechem, Australia) in sulfuric acid (H2SO4, QReC, New Zealand) were used in the
wet peroxide oxidation (WPO) process. Sodium chloride (NaCl, CARLO ERBA, Italy) was added to increase
the density of the solution to 1.2 g/cm3. The �ltered saturated NaCl solution was used for rinsing when
the samples were transferred to settling units. MPs were �oated on the NaCl solution while the settled
solid was discarded. Although this process cannot �oat plastics denser than 1.2 g/cm3 in principle, e.g.,
polyvinyl chloride (PVC), the NaCl solution was used because high-density plastics should not �oat on the
surface water, a smaller amount of PVC is produced in comparison with the other light plastics, and NaCl
is more environmentally friendly and economical than the other higher density chemicals, namely sodium
tungstate (Na2WO4, 1.4 g/cm3), sodium iodide (NaI, 1.6 g/cm3), and zine chloride (ZnCl2, 1.6-1.7 g/cm3).
Floated MPs were separated from the solution by �ltration on a pre-weighted 12 µm Nuclepore track-
etched membrane (Whatman, 110616). Contamination during analysis was prevented by covering the
sample containers with glassware or aluminum foil. In addition, blank samples were checked and
adjusted to mitigate contamination during the analytical process. The total number of MPs was counted
using a stereomicroscope (Olympus, VMT). Following this, MPs were dried at 60°C in an oven and
weighed using a �ve-digit balance (Denver Instrument Company TC-205, U.S.A.). Commercial-grade green
polyethylene (PE) with a particle size of 106–212 µm was spiked into the distilled water samples; 121%
and 81% of the spiked PE particles were recovered from the blank samples and test water samples,
respectively. Each dried plasticle was classi�ed according to shape as a �ber (FB), fragment (FR), �lm
(FI), foam (FM), or pellet (PL), with FB referring to a �lament, strand line, or �brous shape; FR referring to
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an irregular shape with a roughly broken surface; FI referring to a thin sheet, �lm-like particle, or
membrane-like particle; FM referring to a piece of sponge, foam-like, or porous material; and PL referring
to a group of smooth surfaces having a spherical or an ellipse bead shape. Wood-like particles, the
particles that softly broke after pining, were removed during the microscopic count. The MP samples of
each shape and sieved size were randomly selected, placed on a KBr window, and analyzed on the basis
of light transmission using a Fourier-transform infrared microscope (µFTIR, Bruker Lumos I, Germany).

Quanti�cation and statistical analysis

The amount of MP contamination was calculated as “pieces/L” during microscopic counting and “ng/L”
during gravimetric analysis. All quantitative data were logarithmically transformed to a normal
distribution for parametric statistical testing. The correlation between these units was assessed using
Pearson’s correlation coe�cient. The difference between MPs of different sizes was assessed by 95%
con�dence intervals (signi�cance level, 0.05) using analysis of variance (ANOVA). Moreover, a post-hoc
test with Duncan’s equal variances was performed.

Results And Discussion

Abundance of microplastics in the surface seawater
In the present study, MPs were detected at each sampling site and sorted into different shapes (Fig. 2).
The total abundance of MPs ranged from 1 to 96 pieces/L (corresponding to undetectable–14.17 ng/L),
with an average concentration of 9.97 ± 18.55 pieces/L (or 1.55 ± 1.31 ng/L). No correlation was noted
between the quantitative assessment methods of microscopic counting (pieces/L) and gravimetric
analysis (ng/L) (r = 0.05, p = 0.723). Given the geographic structure of the study area, it can be considered
that plastic debris disseminated from the land around three sides and got transported by the circulation
of sea water.

Speci�cally, the water current was assessed during the sampling period. As a result, the water in�ow from
the eastern side was found to have counterclockwise circulation, a highly chaotic gyre was detected in
the southeastern part of the gulf (the GT11, GT20, GT28, GT36, and GT38 areas), and freshwater in�ow
was detected in the upper area (Maksumpun et al. 2019). By ordinary Kriging interpretation of
geostatistical analysis (ArGIS® 10.7.1), the spatial distribution of MPs in the surface water (Fig. 3) was
found to be as follows: a low concentration in the upper area and a high concentration in the southeast
area of the gulf (the highest concentration was detected in the GT28 area). It can be inferred that MPs
sourced from the rivers, land, and Middle Gulf of Thailand accumulated in the study area. Previous
studies on the transportation of MPs in rivers and estuaries have reported that MPs are transported via
river discharge (Xu et al. 2018, Zhao et al. 2015, Zhao et al. 2014, Luo et al. 2019). In addition, a previous
study revealed that many small-sized MPs on the high tide line of the beach were formed by the
fragmentation of large plastic debris and that the backwash process returned them to the ocean (Fok et
al. 2017). It can be assumed that a part of contaminated MPs in the present study was from the rivers
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and the land surrounding the gulf, although MP contamination in these areas was not assessed.
However, the water current may transport MPs from external sources. This can be evidenced by the
presence of MP contamination in the Antarctic Ocean, where minimal mismanagement of plastic is likely
to occur because of the presence of the lowest population in the world (Isobe et al. 2019). Windage (also
known as leeway drift), onshore wind, river discharge, and current have been hypothesized to be the key
factors contributing to the horizontal transportation of extremely light MPs that �oat on the surface water,
e.g., polystyrene foam (< 0.05 g/cm3) and polyurethane (0.08–0.75 g/cm3) (Zhang 2017, Chubarenko et
al. 2016). Some of the MPs in the present study MPs may have been sourced from the Middle Gulf of
Thailand by the southeast in�ow current; these MPs could integrate with those from the river or land
discharge and accumulate in the gyre. The effects of the water current on MP transportation have also
been observed in Greenland gyre; increased MP abundance has been reported in the center of the gyre
(Jiang et al. 2020). These �ndings suggest that MPs in the Inner Gulf of Thailand were transferred by the
water current and accumulated in a hotspot gyre. Moreover, the high MP contamination may be caused
by the intensive activities at beaches, which are famous tourist destinations; marine transshipments; and
industries located in the southeast area.

Although sources of MP contamination are not clearly identi�ed, the total abundance of MPs in the
surface water of the Inner Gulf of Thailand was several thousand times higher than that in the open sea
(Table 1), e.g., the Bohai Sea of China (Zhang et al. 2017), Baltic Sea of Russia (Zobkov et al. 2019), and
Kingston Harbor of Jamaica (Rose and Webber 2019). In this comparison, it must be highlighted that the
sampling methods, analytical procedures, and sizes of detected MPs, even though the environment of the
study area, were different. The minimum detectable size of MPs directly impacts their abundance
detected in the samples. For example, the total abundance of MPs was 7-time-increased when the
detected size of MPs was reduced from the size 510–6290 µm in Changjiang Estuary, China (Zhao et al.
2014), to the size of 20–2535 µm in small-scale estuaries that stream water to Changjiang Estuary
(Zhang et al. 2019). If considered about detectable size variation, the abundance of MPs between
different area cannot be competed, but the trend of the investigation should be considered. This study
suggests that the minimum size of detected MPs for competition the contamination status between area
should be regulated, and the concentrations of MPs can be more accurately determined if smaller sized
MPs are analyzed. However, the detectable size of MPs is limited by sampling and analytical procedures
because the minimum actual size of MPs samples has been set to 300 µm in most studies as the
samples have been collected by volume reduction method of neuston nets.
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Table 1
Literature on the comparison of microplastic abundance in global surface waters

Study Area Size

(mm)

Average Concentration

(pieces/L)

Reference

Bohai Sea, China 0.3–5 3.3 × 10− 4 (Zhang et al. 2017)

Changjiang Estuary, China 0.51–6.29 4.137 (Zhao et al. 2014)

East China Sea, China 0.5–12.46 1.67 × 10− 4 (Zhao et al. 2014)

Baltic Sea, Russia no report 3.2 × 10− 2 (Zobkov et al. 2019)

Kingston Harbor, Jamaica 0.3–5 7.6 × 10− 4 (Rose and Webber 2019)

Small-Scale Estuaries, China 0.02–2.54 27.84 (Zhang et al. 2019)

Bay of Brest, France 0.3–5 2.4 × 10− 4 (Frere et al. 2017)

North Sea Coast, The
Netherlands

no report 27.00 (Karlsson et al. 2017)

North Yellow Sea, China 0.03–5 0.545 (Zhu et al. 2018)

Ciwalengke River, Indonesia 0.05–2 5.85 (Alam et al. 2019)

Charleston Harbor, U.S.A. 0.063–2 6.6 (Gray et al. 2018)

Winyah Bay, U.S.A. 0.063–2 30.8 (Gray et al. 2018)

Surabaya, Indonesia 0.2–5 0.49 (Cordova et al. 2019)

Kuala Nerus, Malaysia 0.02–5 0.69* (Khalik et al. 2018)

Greenland Sea Gyre 0.1–5 2.43 (Jiang et al. 2020)

The Inner Gulf of Thailand 0.125–5 9.97 The present study

*The maximum average concentration in a sampling station of the study area

Physical characteristics of microplastics

In the present study, MPs with sizes ranging from 125 to 5000 µm were detected. Most detected MPs
were sized 125–300 µm (68% of the pieces) and 300–1000 µm (22% of the pieces). Contamination with
MPs (pieces/L) sized 125–300 µm was signi�cantly higher than that with MPs sized 1000–5000 µm (p = 
0.019) (Fig. 4a). Surprisingly, the percentage of MP as per size was different when the unit “ng/L” was
considered; however, the size distribution of MPs was the same trend which high proportion in the size
125–300 µm. The number of MPs was not related to gravimetrical weight, with respect to the abundance
of MPs, there were no signi�cant differences between the sizes in ng/L (p = 0.323) (Fig. 4b). Moreover,
MPs smaller than each size of the sieve (125–300, 300–1000, and 1000–5000 µm) were detected in all
the samples. This result suggests the accumulation of small-sized MPs in suspended particulate matter.
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The predominant shape of MPs was assessed for each particle size (Fig. 5). Overall, FB (35%), FR (34%),
and FI (27%) were the predominant shapes of MPs, while FM (2%) and PL (2%) were rarely observed.
Furthermore, small �lm plastics sized less than 1000 µm were extremely found when the sieved sample
size was 1000–5000 µm. As shown in Fig. 2c, large-sized MPs (1000–5000 µm) and small �lm particles
(< 1000 µm) were observed when the sieved sample size was 1000–5000 µm. The detected smaller size
of MPs than the size of sieved samples may be affected from either aggregation of small MPs to large
particles in samples or fragmentation of large MPs to smaller during sample preparation. Although the
dynamic in size of MPs should be study, the high abundance of small-sized fragments among MPs was
investigated and it may have resulted from fragmented MPs or secondary MPs.

After con�rming that the detected particles were plastics, MPs (42, 69, 28, 20, and 7 pieces having the FB,
FI, FR, FM, and PL shapes, respectively) were sampled for qualitative analysis. The result revealed that PE
was the major plastic component in the samples (27%). Poly(ethylene:propylene) (PE/PP), PP, ethylene–
propylene diene monomer (EPDM) rubber, and other plastics [styrene–ethylene–butylene–styrene (SEBS),
polyacrylate derivatives, and polyamide (PA)] were identi�ed in 21%, 16%, 12%, and 23% of the samples,
respectively (Fig. 6a). Notably, PVC (0.2%) and cotton mixed with nylon (0.2 %) were also found in the
samples. However, only four pieces of nonplastic particles (1.4%) were identi�ed (cotton and
maltodextrin). The polymer types were speci�cally investigated in MPs of various shapes. PE was the
main polymer type in MPs having FI and FR shapes. PE/PP, ethylene vinyl acetate (EVA), and
poly(amidoamine) (PAMAM) were the main polymer types in MPs having FB, FM, and PL shapes,
respectively (Fig. 6b–f).

Polymer identi�cation

The FTIR spectra of the main plastic types are shown in Fig. 7. The FTIR spectra of PE, PE/PP, and PP
were assessed as these were the three most abundant polymers detected in the samples in the present
study, while those of EVA and PAMAM were assessed as these were the predominant polymers detected
in FM and PL samples. The 4000–1500 cm− 1 spectral region was selected for the vibration of the general
functional groups in the polymers. Representing alkane structures, peaks of C-H stretching (3000–2850
cm− 1) and -CH2 blending (1465 cm− 1) were detected in all the identi�ed plastic samples. The �ngerprint

region (1450–600 cm− 1) was speci�cally characterized to determine the chemical structure of the
polymer; this region and the functional region were compared to the polymer reference database. For
instance, the spectrum at wavenumber 718 cm− 1 with C-H stretching (3000–2850 cm− 1) and -CH2

blending (1465 cm− 1) was the �ngerprint of PE (Da Costa et al. 2018). In addition, the spectrum of -CH3

blending (1380 cm− 1) was the determinant of the functional group of -CH3 in propylene present in PP and

PE/PP. Moreover, the spectrum of C = O stretching (1760–1670 cm− 1) and C-O stretching (1260–1000
cm− 1) was the determinant of the vinyl acetate group present in EVA, while the spectrum of the amide
group that included N-H blending (1640 cm− 1), N-H stretching (3500–3100 cm− 1), and C = O of amide
stretching was the �ngerprint of PAMAM.
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The FTIR spectrum could reveal the status of plastic fragmentation as a marker of the presence of new
oxidized groups in the polymer structure. A strong evidence is the detection of weak broad peaks of C = O
stretching (1760–1670 cm− 1), C-O stretching (1050 cm− 1), and -OH blending (3330–3370 cm− 1) as new
functional groups of PE in FR samples. These markers correspond to oxidized groups and decrease the
formation of native peaks of degraded PE (Da Costa et al. 2018). Interestingly, oxidized groups were less
frequently observed in PL samples. Moreover, there was no or a very small amount of PL observed in
large-sized MPs. This result suggests that PL-shaped MPs can be referred to as primary MPs, e.g.,
PAMAM used in drug delivery. In general, the polymer types of MPs may re�ect the utilization patterns of
plastic products and the mismanagement of plastic waste. For instance, PE is the common component
of plastic bags and containers (Crawford and Quinn 2017). With respect to marine plastic debris
composition, the Pollution Control Department of Thailand has reported that plastic bags (mostly PE)
account for 33.4% of the debris accumulated on beaches, coral reefs, and mangrove areas (Pollution
Control Department 2019). Thus, there is high potential for such plastic debris to enter the sea and be
transformed into MPs.

Impacts of environment factor on microplastic contamination

In the present study, we noted physical and chemical variation in the plastic debris. The deterioration of
plastic litter, which makes the plastic yellow and brittle, is caused by complex changes in oxidative
reactions induced by UV radicals, temperature differences, oxygen changes, and oxidative free radicals.
Furthermore, large plastic debris can be broken down into small plasticles by mechanical force from
wave turbulence, rock or sand encounters, and animal grinding (Andrady 2011, Andrady 2017). Thus,
plastic litter is susceptible to fragmentation in beach and surface waters, where these inducing factors
are present. As a result of fragmentation, MPs sized less than 1.0 mm have been found to be
predominant in beach and surface waters in previous studies; however, the minimum sizes could not be
clari�ed because of limitations in the analyses (Zhao et al. 2015, Zhao et al. 2014, Luo et al. 2019, Fok et
al. 2017, Zhang et al. 2017, Laglbauer et al. 2014). A previous study has also revealed that plastic may be
fragmented into smaller sizes during the organic content removal process (Nuelle et al. 2014). The small
plasticles observed in large-sized particles in the present study may be explained by the integration
between MPs and natural nonplastic particles, which may have increased their actual size in the samples.
A previous study reported the formation of bio�lms on submerged PE food bags in the marine
environment after a week, with levels increasing throughout the 3 weeks of the experimental process
(Lobelle and Cunliffe 2011). Studies on the interaction between MPs and phytoplankton have revealed
the hetero-aggregation course of extracellular polysaccharides in diatoms and dissolved organic carbon
obtained from the lysis of algae (Long et al. 2015, Long et al. 2017). After 12 weeks of exposure to the
sea surface, plastics have been found to be covered with diatoms and algae, affecting the magnitude of
their higher mass (Fazey and Ryan 2016). Because of structural degradation and complex formation,
MPs are induced to be variably transported and transformed into other pollutants.

The transportation of MPs has been shown to be impacted by surrounding factors and by the properties
of MPs, including their sizes, shapes, and chemical structures. MP contamination in the surface water of
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the Inner Gulf of Thailand may be the result of anthropogenic activities around the gulf. The correlation
between MP contamination in estuarine environments as a result of urban activities and the population
density was not signi�cant; however, the contamination may be related to the economic structure (Zhao
et al. 2015). In our study area, MPs may have been sourced from the main rivers above the Inner Gulf of
Thailand that included the pollution load from inland cities and industries. In a previous study, before the
transportation of MPs to the open sea, a higher level of MP contamination was detected in creeks and
rivers passing urban areas, with the levels in estuaries becoming higher than those in the coastal
seawater (Zhao et al. 2014, Luo et al. 2019). In another study, no signi�cant concentrations of MPs were
recorded before and after typhoon activity, indicating that MP contamination may be in�uenced by
source discharge, river �ow, and vertical mixing (Zhao et al. 2015). A study assessing the distribution of
MPs in the surface water of the Changjiang River Estuary revealed that the concentration of MPs
decreased as a result of freshwater dilution and the warm current in the study area (Xu et al. 2018). On
the other hand, sinking MPs that had a spherical shape exhibited rotation, oscillation, and tumbling
movements; the settling velocity depended on the plastic type, shape, and size and salinity (Kowalski et
al. 2016, Khatmullina and Isachenko 2017). Overall, the concentration of settled plastics depended on
their density. For example, the sinking velocity of PVC (1.56 g/cm3) was found to be higher than that of
polystyrene (1.14 g/cm3) (Kowalski et al. 2016). In addition, the negative buoyancy of MPs has been
shown to be increased by aggregation with biofouling (Fazey and Ryan 2016). Accordingly, MP
strati�cation has been found to �uctuate in water columns (Zobkov et al. 2019). In study on algal
attachment on the MP surface, MPs exhibited an up and down oscillatory pattern for vertical movement
in a water column (Kooi et al. 2017). Unlike natural solids, the behavior of MPs may be speci�c to
circumstances and differ accordingly. However, the impacts of MP contamination are variable and
complex.

In addition to the persistence of MPs, their chemical additives and adherence characteristics should be
focused on as a function of their toxicity. The environmental and human health hazard rankings of
plastic polymers have been �nalized on the basis of their chemical compositions (Lithner et al. 2011),
and they have been used to assess the risk of MP contamination in the surface water and sediment (Xu
et al. 2018, Peng et al. 2018). Nevertheless, the risk of MPs is not just because of additives. Field
monitoring and experiments have revealed that the persistence of organic pollutants and heavy metals
can be a product of both plastic components and adherents on the surface of MPs (Rochman et al. 2013,
Rochman et al. 2014, Wang et al. 2017, Van et al. 2012, Zhang et al. 2015, Heskett et al. 2012, Antunes et
al. 2013, Holmes et al. 2012). An MP extraction test demonstrating the synthetic digestive characteristics
of the seabird Fulmarus glacialis revealed that the inorganic elements in plastic were released after 168–
220 h of extraction (Massos and Turner 2017, Turner and Lau 2016, Turner 2017). While the effects of
MPs and their co-contaminants have not been clearly described, their toxicity may be controlled by the
environment.

Although the threshold of MP toxicity has not been assessed, the concentration of contaminating MPs
represents the dose to which the susceptible community is probably exposed. In the present study, MPs
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contaminating the surface water of the Inner Gulf of Thailand were found to contain a high fraction of
small-sized fragmented plasticles. Environmental interaction has been discussed as a factor that
accelerates the degradation of MPs to a smaller size and their aggregation to natural solid particles. The
fate and transportation of MPs are important mechanisms responsible for their movement and toxicity in
the ecosystem. Given the increasing prevalence of MPs, their unknown properties need to be identi�ed in
future studies.

Conclusion
The present study is the �rst to report MP contamination in the surface water of the Inner Gulf of
Thailand. MPs were detected at an average concentration of 9.97 ± 18.55 pieces/L (or 1.55 ± 1.31 ng/L)
in the study area. Although the minimum detectable size was limited to 125 µm during the sampling
process, the detection of MPs is re�ective of the fragmentation of marine plastic debris. Overall, the
debris was assumed to be loaded into the gulf as results of both land-based activities by river
transportation and marine-based activities by current transportation. Following this, the debris was
fragmented to form MPs. Based on this hypothesis, river estuaries are a hotspot for plasticle deposits. At
the same time, the Inner Gulf of Thailand is subject to the accumulation of sinking pollutants. The
physical and chemical compositions of plastic debris may be transformed during river discharge and
marine accumulation. In future studies, qualitative and quantitative analyses of the in�uence of seasonal
change on the loading and accumulation of MPs in both major river estuaries and the Inner Gulf of
Thailand may help understand the fate and transportation of MPs. The toxicity of MPs also needs to be
clari�ed in future studies. It should be noted that the contaminating plastic debris will be degraded into
smaller MPs and these may have higher availability in terms of toxic adsorption and release. The key
concern to be addressed is whether such contamination will pollute or pose further risks to the
ecosystem.
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Microplastic sampling points in the Inner Gulf of Thailand, South China Sea, Paci�c Ocean Note: The
designations employed and the presentation of the material on this map do not imply the expression of
any opinion whatsoever on the part of Research Square concerning the legal status of any country,
territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This
map has been provided by the authors.

Figure 2
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Photographs of microplastic shapes identi�ed in the surface water of the Inner Gulf of Thailand: (a)
fragment, (b) �ber, (c) �lm, (d) foam, and (e) pellet

Figure 3

Spatial distribution of total microplastics in the surface water of the Inner Gulf of Thailand Note: The
designations employed and the presentation of the material on this map do not imply the expression of
any opinion whatsoever on the part of Research Square concerning the legal status of any country,
territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This
map has been provided by the authors.
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Figure 4

Variation in the concentration of microplastics sized 125–300, 300–1000, and 1000–5000 µm: (a) the
concentration expressed as “pieces/L” and (b) the concentration expressed as “ng/L” (a and b
demonstrate statistical signi�cance in terms of the concentration of microplastics of each size)
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Figure 5

Shapes of microplastics in the surface seawater of the Inner Gulf of Thailand
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Figure 6

Polymer types in plastic samples: (a) total, (b) �ber, (c) �lm, (d) fragment, (e) foam, and (f) pellet
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Figure 7

Fourier-transform infrared spectroscopy spectrum of microplastic samples: (a) polypropylene, (b)
poly(ethylene:propylene), (c) polyethylene, (d) ethylene vinyl acetate, and (e) poly(amidoamine)


