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Abstract Microplastics have been acknowledged as evolving marine contaminants of
noteworthy apprehension, due to their ubiquity, persistence and toxic potentiality. It is very
urgent and important to study about microplastic pollution not only in Thailand but also for the
world because of its harmful effects on marine biota as well as for human health. The study
focused on the presence of plastic debris in the stomach contents of some economically
important fish caught in the lower Gulf of Thailand between January to April 2018. Size and
weight range of the samples were 7.6 to 21.9 cm and 4 to 99 gm. Results highlighted the
ingestion of plastics in the 54.29% samples. The ingested plastics were microplastics (27.27%;
<5 mm), mesoplastics (69.88%; 5-25 mm) and macroplastic, (2.85%; >25 mm). Fibres were the
major forms of plastics found during this study. These preliminary findings underlined the
ubiquitous presence of microplastics in the lower Gulf of Thailand marine biota, as well as the
water column where pelagic fish live, and feed and it also representd an urgency to reduce the
use of plastics or to ensure the proper recycling it.

Keywords: Microplastics, marine litter, plastic ingestion, plastic debris, marine pollution,
ocean conservancy

Introduction

Plastic pollution is the gathering of plastic substances in the
environments which have several hostile effects on wildlife, wildlife habitat as
well as on human beings (Moore, 2017; Parker, 2018). Plastic production by
human are high because of its durability, light weight, attractive appearance and
low cost (Hester and Harrison, 2011; Thompson et al., 2004; Jambeck et al.,
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2015). As of 2018, approximately 380 million tonnes of plastic are
manufactured worldwide every year. From the 1950s up to 2018, an estimated
6.3 billion tonnes of plastic has been produced globally, of which an estimated
12% has been ignited and another 9% has been recycled. The rest has been
abandoned in landfills or the natural environment (The Economist, 2018).

Plastic contamination can distress land, waterways and ocean. Several
living organisms, mostly marine organisms, can be affected either through
disclosure to chemical toxicants within plastics that intervene with their
physiology or by mechanical effects, for example, harms related to ingestion of
plastic rubbish or entanglement in plastic substances. Above 660 marine
species were known to be oppressed worldwide by plastic debris directly or
indirectly (Dias and Lovejoy, 2012). Nearly 92% of all adverse encounters
between marine litter and organisms occurs because of plastic waste (Gall and
Thompson, 2015).

According to several studies, plastics that act as pollutants are
categorized into micro-, meso-, or macro-plastics, based on size (Hammer et al.,
2012; Browne, 2010; Fendall and Sewell, 2009). Following to a recent
investigation, size range of microplastics are <5 mm to 0.1 pm (Lippiatt et al.,
2013). Plastic matters gradually breakdown into minor trashes due to oxidation,
ultraviolet (UV) radiation and mechanical forces, which is lower than 5 mm in
diameter, termed microplastic (Barnes et al., 2009; Cole et al., 2011; Lippiatt et
al., 2013). Microplastics are extensively distributed, in deep sea sediments and
surface water (Song et al., 2015; Woodall et al., 2014), from lakes to open sea
water (Eriksen et al., 2014; Imhof et al., 2013), and in numerous marine
organisms through the trophic levels (Boerger et al., 2010; De Witte et al.,
2014; Murray and Cowie, 2011; Van Cauwenberghe and Janssen, 2014; Van
Franeker et al., 2011). Several studies focused on the induction of plastic and
other anthropogenic rubbish in marine domiciles and food web through
ingestion by varied marine organisms, ranging from zooplankton to vertex
predators (Fossi et al., 2012, 2014; Ivar Do Sul and Costa, 2014). The zones
with convergence currents and where anthropogenic debris was accumulated,
the consequence of debris assimilation by marine wildlife was more obvious
(Moore et al., 2001).

The influence of microplastic assimilation on diverse marine entities
with miscellaneous feeding mechanisms has been studied in different parts of
the world (Thompson et al., 2004; Leslie et al., 2013; De Witte et al., 2014).
Furthermore, these earlier investigations indicated that the eco-toxicological
situations of certain species were associated to the environmental stress levels
in their territories (Nayar et al., 2004). Nevertheless, there was no investigation
performed in Southern Thailand.
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According to prior explorations, striking extents of plastics accumulated
into the marine environment and coastline ecosystems were predominantly
from Asian countries including Thailand which had soundly extraordinary
economic progress rates (Jambeck et al., 2015). Moreover, Plastics have also
been acknowledged as one of vital constituent in Municipal Solid Waste (MSW)
composition of Thailand (Kaosol, 2009; Chiemchaisri et al., 2006). In this
manner, land based plastics can be the primary source of plastic pollution in
coastal water (Jambeck et al., 2015). Furthermore, Thailand is one of the five
countries which dump more plastic (60%) into the oceans than the rest of the
world combined and the other countries are China, Indonesia, the Philippines
and Vietnam (GlobalPost, 2016). Even so, there was no investigation done on
microplastic pollution in marine fish, especially, in the lower Gulf of Thailand.

Sathing Phra District, located in the northern part of Songkhla Province
in the lower Gulf of Thailand, is one of the most rapid industrialized
development areas in Songkhla Province. Thus, these quick expansions of man-
made activities pose a possible threat of plastic pollution in this and
neighboring areas. That’s why this investigation have certain noteworthy
significance in terms of knowing the extent of plastic pollution in these areas
and resolving it.

The objective of the study was to investigate occurrence, frequency,
amount, and forms of plastics ingested by some commercial and abundant
fishes in the lower Gulf of Thailand: Panna croaker Panna microdon (Bleeker,
1849), Goatee croaker Dendrophysa russelli (Cuvier, 1829), Sharpnose
hammer croaker Johnius borneensis (Bleeker, 1851) and Weber’s croaker
Johnius weberi (Hardenberg, 1936). Considering the hazard associated to the
plastic pollution, this study provides an imperative involvement to the
knowledge and understanding of plastic occurrence in these commercial fishes.

Materials and methods
Species selection and sampling site

A total of 27 Panna croaker (Panna microdon), 41 Goatee croaker
(Dendrophysa russelli), 30 Sharpnose hammer croaker (Johnius borneensis)
and 7 Weber’s croaker (Johnius weberi) were collected during January to May,
2018 from Sathing Phra District, Songkhla Province in the Lower Gulf of
Thailand (Figure 1). These four diverse species (2 demersal and 2 pelagic)
belonging to the family Sciaenidae were preferred because of their abundance
and commercial significance and the study site represents the coast with
different anthropogenic activities.
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Figure 1. Geographical location of the study site in Songkhla Province, the
Lower Gulf of Thailand

Sampling and species identification

Immediately after collection of fishes, certain details of the samples and
the sampling site were noted. Then the samples were taken to the laboratory in
an icebox with sufficient ice in it and preserved at -20<€ for further analysis
purpose.

For species identification, particular information (trophic level and sex)
were assigned with the help of fishermen and then verified according to the
standard taxonomic keys of Talwar and Jhingran (1991); Froese and pauly
(2018), SEAFDEC (2014).

Investigative techniques and avoidance of adulteration

In the laboratory, at first, each fish was thawed gradually and cleaned by
filtered water to dispel sediments and impurities from the extraneous veil. Then,
specimens were measured (total length) and weighed (total body weight). Each
fish was dissected from the upper part to the oesophagus to remove the stomach
according to the methods published elsewhere (Claessens et al., 2013; Lusher et
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al., 2013; Rocha-Santos and Duarte, 2015). Gut contents were then distinctly
placed inside petri dishes and examined in order to distinguish plastic debris,
which were counted, assembled by color, measured by the Stereo Zoom
Microscope (OLYMPUS Sz2-1LST). The ingested plastics were categorized as
microplastics (<5 mm), mesoplastics (5-25 mm) and macroplastics (>25 mm)
following the method of Galgani et al. (2013). To determine the length of each
particle of debris, all photographed were digitally measured using the software
package ImageJ 1.4.3.6 (public domain).

Conspicuous protection was taken to prevent sample contamination
throughout the whole investigation such as during dissection, extraction, sorting
and visual identification. This technique includes several stages to avoid
technical contamination, cross- contamination and/or misidentification of
natural debris (e.g., shells, algae, and coral) as plastic debris.

Statistical analysis

The frequency of plastic debris occurrence (F%) in these fish samples
was estimated by the proportion of the examined individuals where plastic
debris were present in the stomach contents. All data analysis was
accomplished by Microsoft excel for mean, minimum and maximum. One-way
ANOVA was performed to compare results among the groups. Differences at
p<0.05 were considered statistically significant.

Results

Entirely, 105 discrete fishes (68 demersal and 37 pelagic individuals)
were perused for the presence of plastic debris throughout this investigation.
Among them, 57 individuals (54.29%) have plastic debris in their stomach in
different size and shape (Table 1). In detail, some sorts of ingested plastic
debris present in the 35 individual demersal fishes (51.47%) and 22 individual
pelagic fishes (59.46%) were found (Table 2).

The mean values and range of total length, body weight and stomach
weight together with the information on trophic level and sex ratio of examined
fishes were exhibited in Table 1.

The average number of plastic debris per stomach of fishes including
the range together with the information on stomach containing different
amounts of plastic debris was found. In particular, Johnius borneensis shows
the highest (60.00%) and Panna microdon shows the lowest (44.44%)
frequency of occurrence of plastic debris in the stomach content of fishes
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(Table 2). Average number of plastic debris per stomach and per g of stomach
were briefly presented in Figure 2.

Plastic debris had different shapes and colors; transparent, black and
pink plastic debris present in all the fish examined species in this exploration.
Several circumstantial information on plastic debris found in the stomach
content were presented in Table 3. Entirely, pelagic fish species shows longer
(9.93 mm) plastic debris than that of the demersal (8.59 mm) ones (Figure 3).

Color and form of plastic debris found in the stomach content of the
examined fishes were presented in Figure 4. Transparent debris (35%) were
found the most common whereas the green (2%) were the least common plastic
debris found in the stomach content of the fishes (Figure 4). Furthermore, fibre
type plastics (84%) were the most dominant form of plastic debris found
throughout this investigation (Figure 4).

The plastic debris were different in size in each species of fishes as
reported in Figure 5. Mesoplastics were the most abundant (69.88%) size group
found and about 28% of all the plastic debris found were microplastics which
were less than 5 mm in diameter (Figure 5). Percentages of plastic debris
according to their size group were indicated in Figure 5.

Average no. of plastic debris

Pelagic = Demersal

Average no. of plastic debris/g of o

stomach
I

@

Average no. of plastic debris/stomach

Figure 2. Average number of plastic debris per stomach and per g of stomach
of different group of fishes
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Table 1. Mean and range of total length, body weight and stomach weight for each fish species with their trophic
level

Fish species Trophic  Sample Total length (cm) Body weight (g) Stomach weight (g)
level (M:F) Mean+SD Range Mean+SD Range Mean+SD Range

Panna microdon 27  13.20#4.34 219-76  28.04425.98 99.0-4.0 0.16#0.10 0.57-0.03
(Bleeker, 1849) (24:3)
Dendrophysa Demersal 41  13.5640.92 15.0-11.7 32904853 52.0-18.0 0.1640.06 0.3-0.05
russelli (Cuvier, (9:32)
1829)
Johnius borneensis 30  13.86+1.59 16.4-10.9 34.33+14.36 65.0 - 14.0 0.2740.21  0.91-0.02

(Bleeker, 1851)
Johnius weberi

(25:5)

Pelagic 7(7:0) 16304156  18.4-14.2 422941324 63.0-280 0.1940.08 0.38-0.14

(Hardenberg, 1936)
105

Total (65:40)

M= Male, F= Female, SD= Standard deviation

Table 2. Average No. of plastic debris found in the stomach of the examined fishes

Trophic No. of No. of the No. of pieces of plastic Erequency of
P Fish species stomach stomach with debris/stomach q y
level . : . occurrence (%)
examined  plastic debris aveargeaSD, range
Demersal Panna microdon (Bleeker, 1849) 27 12 0.85+1.06,3 -0 44.44
Dendrophysa russelli (Cuvier, 1829) 41 23 0.88+1.12,5-0 56.10 51.47
Johnius borneensis (Bleeker, 1851) 30 18 0.9040.88,3-0 60.00
Pelagic Johnius weberi (Hardenberg, 1936) 7 4 1.14#4.21,3-0 57.14 59.46

1023



Table 3. Length, width, color and form of plastic debris found in the stomach
content of fishes

_ Fish species Detail info of plastic debris found in the stomach of fishes
%
2 Length Width Color Form of
S range (mm) range (mm) plastic
= (Mean#SD)  (Mean4SD) debris
Panna microdon 2.08-23.48 0.04-171 Transparent, Fibre,
(Bleeker, 1849) (8.5045.56)  (0.2740.46) Blue, Brown, Fragment
Black, Pink,
= Violet, Green
&
(5]
g Dendrophysa russelli ~ 1.46 —20.99  0.04-3.85 Transparent, Fibre,
O (Cuvier, 1829) (8.6445.00)  (0.54+1.02) Black, Blue Fragment
Green, Pink,
Violet
Johnius borneensis 1.23-38.22 0.06-2.72 Transparent, Fibre,
(Bleeker, 1851) (10.0248.86)  (.3640.64) Black, Pink, Fragment
Red, Violet,
o Blue, Brown
&
& Johnius weberi 2.12-16.75 0.06 - 0.62 Transparent, Fibre,
(Hardenberg, 1936) (9.6044.99) (0.1840.18)  Black, Brown,  Fragment
Pink

Average length (mm) and width (mm)
ODemersal OPelagic
12
9.93
10 8.59
8 5
6
4
? 0.44 0.32
o s
length Width

Figure 3. Average length (mm) and width (mm) of plastic debris in the
stomach content of different groups of fishes
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A o Coles of plastic debuts

B Form of plasthe debeis

33

Figure 4. Percentages (%) of color and form of plastic debris found in the
stomach of fishes. (A) % of color groups, (B) % of form of plastic debris

% of Plastic debris according to their size
Pelagic = Demarsal

571%
Macropl astics (>25 mm)

68.57%

e

Mesoplastics (5-25mm)

| 25.72%

I ;o

Microplastics (<5 mm)

Figure 5. Percentages (%) of plastic debris according to their size group
Different colors (transparent, black, blue and green) and forms (fibre

and fragment) of plastic debris found throughout the research were presented in
Figure 6.
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Figure 6. Photographs of fibre (A-D) and fragment (E-F) types of plastic debris
found in the stomach contents of fishes under stereo zoom microscope

Discussion

This present enquiry publicized various vital evidence on plastic debris
together with the data on frequency of occurrence, amount, forms of plastic
debris and specific brief info on the plastic debris found in the gastrointestinal
contents of some commercial marine fishes from the lower Gulf of Thailand
(Figure 1). Previously, there were very few studies on plastic pollution in
Thailand (Thushari et al., 2017), especially there wasn’t any investigation done
on fishes in lower Gulf of Thailand. Recent studies (Fossi et al., 2012) shown
data on the effects of microplastic on huge filter-feeding individuals such as
baleen whales and sharks in the Mediterranean Sea, which could probably gulp
microplastic punk. Total length and body weight of the examined fishes range
from 7.6 to 21.9 cm and 4 to 99 g. Stomach weight of the samples range from
0.03 to 91 g (Table 1). Out of 105 investigated fish stomachs, 57 (54.29%)
stomachs contained plastic debris (Table 2). In particular, this involved of 35
individual demersal fishes (51.47%, out of 68 individuals) and 22 individual
pelagic fishes (59.46%, out of 37 individuals). The average frequency of
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occurrence (%) for demersal fish species was 51.47%, which was lower than
the average frequency of occurrence of the observed pelagic fishes
(59.46%)(Table 2). As stated in Figure 2, the average number of plastic debris
per g of stomach for demersal fishes was 5.41, which was slightly higher than
that of the pelagic species (4.67). Contrariwise, pelagic fish species showed
higher (0.95) average number of plastic debris per stomach than that of the
demersal ones (0.87). Therefore, it was obvious that the pelagic fish species
possessed more plastic debris than the demersal fishes. This may be because of
the luxuriant presence of plastic debris in the surface level of marine water
bodies. Meanwhile most of the plastic debris tend to levitate on the surface
level of the water because of their solidity and structure behavior, pelagic fishes
gulp the plastic debris mistakenly as food. According to several studies (WWF,
2018), 80% of plastic in our ocean is from land sources and it can come to our
ocean in three main ways such as throwing plastic in the bin when it could be
recycled, littering and products that go down the drain. Once in the ocean,
plastic stays in the surface level of the water bodies for certain period of times,
breaks down into tiny pieces and then travels to other trophic level of the water
bodies such as middle level and finally to the bottom level. This can be one of
the vital reasons behind the copiousness of plastic debris in the stomach
contents of pelagic fishes. Since the present study is one of the preliminary
studies on plastic ingestion by fishes from the lower Gulf of Thailand, there
isn’t any other study in Thailand to associate with. Comparable investigation
was performed by Romeo et al. (2015), who worked on the existence of plastic
rubbish in the stomach of 3 large pelagic fishes (Xiphias gladius, Thunnus
thynnus and Thunnus alalunga) in the Mediterranean Sea and 18.18% of the
investigated fish stomach contained certain types of plastic offal, which was
inferior than those of the current study.

The length of the plastic offal found in the stomach contents of the
examined fishes ranged from 1.46 to 23.48 mm and 1.23 to 38.22 mm in terms
of demersal and pelagic fishes, respectively. Moreover, for demersal ones,
width ranged from 0.04 to 3.85 mm and 0.06 to 2.72 mm for pelagic species
(Table 3). On average, highest length (9.93 mm) of plastic debris was reported
in pelagic species (Figure 3). In particular, Johnius borneensis showed the
longest plastic debris in their stomach content, which was 38.22 mm in length
(Table 3).

Though the plastic debris obtained from the stomach contents were
either fibre or fragment type, most of them (84%) were fibre type (Figure 4).
Meanwhile, Plastic debris found in the stomach of the examined fishes had
different shapes and color. Transparent, black and pink colored plastic debris
were found in all the groups of fishes. Among all the plastic debris found,
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transparent (35%) colored plastic debris was the most abundant one and black
color (31%) was the neighboring one (Figure 4). Oppositely, Green colored
(2%) plastic debris was the least common one found in the stomach content of
the examined fishes (Figure 4). Since transparent color is almost impracticable
to ascertain in the water, aquatic organisms mainly fishes erroneously consume
this sort of plastic offal while filter-feeding ones, gulp and consume it as their
food. Even sometimes, fishes inadvertently ingest plastic debris as a live
foodstuff as well. Similar investigation was done by Romeo et al. (2015), who
reported various color of plastic rubbish such as transparent, white, blue and so
on. The plastic debris found in that study ranged from 0.63 to 164.50 mm in
length and 0.69 to 60.57 mm in width from the stomach contents of pelagic
fishes.

Size of the plastic debris found in the stomach contents of the fishes
were also been characterized. Mesoplastics (69.88%, 5-25mm) were the most
abundant size group of plastic debris obtained throughout the investigation,
which is higher than the amount of microplastics (27.27%, <5 mm) found by
approximately two times (Figure 5). Rest of the plastic debris found were
macroplastics (2.85%, >25 mm). In particular, 25.72% and 28.81% of
microplastic debris were obtained from pelagic and demersal fish species,
respectively. Contrariwise, pelagic and demersal species showed 68.57% and
71.19% mesoplastics respectively in their stomach contents (Figure 5). Only
5.71% macroplastic was found from the pelagic fish throughout the
investigation, while no macroplastics were obtained from demersal fishes.
Furthermore, there was a number of more scientists who also obtained
microplastic debris in fish gastrointestinal tract (Lusher et al., 2013; Murphy et
al., 2017; Phillips and Bonner, 2015; Tanaka and Takada, 2016).

Findings of the present investigation highlight prevalent presence of
plastic rubbish and high frequencies of meso and micro-plastics in the marine
fishes from the lower Gulf of the Thailand and signify a further cautionary sign
for marine conservation as well as for the consciousness of human well-being.
It is absolutely suggested that microplastic pollution in marine organisms and
their food chain in other neighboring provinces must be discovered to make
sure the safety situations of environment and human health. These ultimate
conclusions denote a vital preliminary point in discovering certain eco-
toxicological aspects such as the probable effects related to the transmission of
pollutants on human health and the valuation of the presence and effect of
plastic debris on other types of marine entities. Additionally, operative
management plans in the study area and adjoining areas for the plastic
contamination are instantly mandatory.

1028



International Journal of Agricultural Technology 2018 Vol. 14(7): 1017-1032

Acknowledgement

The authors would like to acknowledge Thailand’s Education Hub for ASEAN
Countries (TEH-AC) Scholarship and Graduate School, Prince of Songkla University for
funding and associating this research work. Extraordinary obligations go to the Coastal
Oceanography and Climate Change Research Center, MACORIN, PSU as well as Marine and
Coastal Resources Research and Development Center Lower Gulf of Thailand (MCRRDL),
Department of Marine and Coastal Resources for their generous backing and support
throughout the investigation work. We appreciatively thank Assist. Prof. Dr. Jarunee
Chaiyvareesajja for her supports to collect and identify fish samples as well.

References

Barnes, D. K. A, Galgani, F., Thompson, R. C. and Barlaz, M. (2009). Accumulation and
fragmentation of plastic debris in global environments. Philosophical Transactions of the
Royal Society B: Biological Sciences. 364:985-1998.

Boerger, C. M., Lattin, G. L., Moore, S. L. and Moore, C. J. (2010). Plastic ingestion by
planktivorous fishes in the North Pacific Central Gyre. Marine Pollution Bulletin.
60:2275-2278.

Browne, M. A. R. T. (2010). Spatial Patterns of Plastic Debris along Estuarine Shorelines.
Environmental Science and Technology. 44:3404-34009.

Chiemchaisri, C., Juanga, J. P. and Visvanathan, C. (2006). Municipal solid waste management
in Thailand and disposal emission inventory. Environmental Monitoring and Assessment.
135:13-20.

Claessens, M., Van Cauwenberghe, L., Vandegehuchte, M. B. and Janssen, C. R. (2013). New
techniques for the detection of microplastics in sediments and field collected organisms.
Marine Pollution Bulletin. 70:227-233.

Cole, M., Lindeque, P., Halsband, C. and Galloway, T. S. (2011). Microplastics as
contaminants in the marine environment: A review. Marine Pollution Bulletin. 62:2588-
2597.

De Witte, B., Devriese, L., Bekaert, K., Hoffman, S., Vandermeersch, G., Cooreman, K. and
Robbens, J. (2014). Quality assessment of the blue mussel (Mytilus edulis): Comparison
between commercial and wild types. Marine Pollution Bulletin. 85:146-155.

Dias, B. F. D. S. and Lovejoy, T. E. (2012). Impacts of Marine Debris on Biodiversity: Current
Status and Potential Solutions. CBD Technical Series. 67:11-26.

Eriksen, M., Lebreton, L. C. M., Carson, H. S., Thiel, M., Moore, C. J., Borerro, J. C., Galgani,
F., Ryan, P. G. and Reisser, J. (2014). Plastic Pollution in the World’s Oceans: More
than 5 Trillion Plastic Pieces Weighing over 250,000 Tons Afloat at Sea. PLoS ONE.
9:1-15.

Fendall, L. S. and Sewell, M. A. (2009). Contributing to marine pollution by washing your face:
Microplastics in facial cleansers. Marine Pollution Bulletin. 58:1225-1228.

Froese, R. and Pauly, D. (2017). FishBase. World Wide Web electronic publication. Retrieved
from www.fishbase.org.

1029


https://pubs.acs.org/action/showCitFormats?doi=10.1021%2Fes903784e
https://pubs.acs.org/action/showCitFormats?doi=10.1021%2Fes903784e

Fossi, M. C., Panti, C., Guerranti, C., Coppola, D., Giannetti, M., Marsili, L. and Minutoli, R.
(2012). Are baleen whales exposed to the threat of microplastics? A case study of the
Mediterranean fin whale (Balaenoptera physalus). Marine Pollution Bulletin. 64:2374-
2379.

Fossi, M. C., Coppola, D., Baini, M., Giannetti, M., Guerranti, C., Marsili, L., Panti, C., Sabata,
E. and CIg S. (2014). Large filter feeding marine organisms as indicators of
microplastic in the pelagic environment: The case studies of the Mediterranean basking
shark (Cetorhinus maximus) and fin whale (Balaenoptera physalus). Marine
Environmental Research. 100:17-24.

Galgani, F., Hanke, G., Werner, S., Oosterbaan, L., Nilsson, P., Fleet, D., Kinsey, S.,
Thompson, R. C., VanFraneker, J., Vlachogianni, T., Scoullos, M., Mira Veiga, J.,
Palatinus, A., Matiddi, M., Maes, T., Korpinen, S., Budziak, A., Leslie, H., Gago, J. and
Liebezeit, G. (2013). Monitoring Guidance for Marine Litter in European Seas. - JRC
scientific and policy reports, Report EUR 26113 EN, pp. 120.

Gall, S. C. and Thompson, R. C. (2015). The impact of debris on marine life. Marine Pollution
Bulletin. 92:170-179.

GlobalPost (2016). 5 countries dump more plastic into the oceans than the rest of the world
combined. Retrieved from https://www.pri.org/stories/2016-01-13/5-countries-dump-
more-plastic-oceans-rest-world-combined.

Hammer, J., Kraak, M. H. S. and Parsons, J. R. (2012). Plastics in the Marine Environment:
The Dark Side of a Modern Gift. In: Reviews of Environmental Contamination and
Toxicology. Reviews of Environmental Contamination and Toxicology
(Continuation of Residue Reviews), vol 220. Springer, New York, NY, pp. 1-44.

Hester, R. E. and Harrison, R. M. (2011). Marine Pollution and Human Health. Royal Society
of Chemistry, pp. 84-85.

Imhof, H. K., Ivleva, N. P., Schmid, J., Niessner, R. and Laforsch, C. (2013). Contamination of
beach sediments of a subalpine lake with microplastic particles. Current Biology.
23:867-868.

Ivar Do Sul, J. A. and Costa, M. F. (2014). The present and future of microplastic pollution in
the marine environment. Environmental Pollution. 185:352-364.

Jambeck, J. R., Geyer, R., Wilcox, C., Siegler, T. R., Perryman, M., Andrady, A., Narayan, R.
and Law, K. L. (2015). Plastic waste inputs from land into the ocean. Science. 347:768-
771.

Kaosol, T. (2009). Sustainable solutions for municipal solid waste management in Thailand.
International Journal of Environmental, Chemical, Ecological, Geological and
Geophysical Engineering. 3:399-404.

Leslie, H. A., van Velzen, M. J. M. and Vethaak, A. D. (2013). Microplastic Survey of the
Dutch Environment: Novel Data set of Microplastics in North Sea Sediments, Treated
Wastewater Effluents and Marine Biota. (IVM Institute for Environmental Studies).

Lippiatt, S., Opfer, S. and Arthur, C. (2013). Marine Debris Monitoring and Assessment.
NOAA Technical Memorandum NOS-OR&R-46.

1030



International Journal of Agricultural Technology 2018 Vol. 14(7): 1017-1032

Lusher, A. L., McHugh, M. and Thompson, R. C. (2013). Occurrence of microplastics in the
gastrointestinal tract of pelagic and demersal fish from the English Channel. Marine
Pollution Bulletin. 67:94-99.

Moore, C. J., Moore, S. L., Leecaster, M. K. and Weisberg, S. B. (2001). A comparison of
plastic and plankton in the North Pacific Central Gyre. Marine Pollution Bulletin.
42:1297-1300.

Moore, C. (2017). Plastic pollution. Encyclopadia Britannica. Encyclopaedia Britannica, inc.
Retrieved from https://www.britannica.com/science/plastic-pollution.

Murphy, F., Russell, M., Ewins, C. and Quinn, B. (2017). The uptake of macroplastic and
microplastic by demersal and pelagic fish in the Northeast Atlantic around Scotland.
Marine Pollution Bulletin. 122:353-359.

Murray, F. and Cowie, P. R. (2011). Plastic contamination in the decapod crustacean Nephrops
norvegicus (Linnaeus, 1758). Marine Pollution Bulletin. 62:1207-1217.

Nayar, S., Goh, B. P. L. and Chou, L. M. (2004). The impact of petroleum hydrocarbons (diesel)
on periphyton in an impacted tropical estuary based on in situ microcosms. Journal of
Experimental Marine Biology and Ecology. 302:213-232.

Parker, L. (2018). We Depend on Plastic. Now We're Drowning in It. National Geographic
magazine. Retrieved from
https://www.nationalgeographic.com/magazine/2018/06/plastic-planet-waste-pollution-
trash-crisis/.

Phillips, M. B. and Bonner, T. H. (2015). Occurrence and amount of microplastic ingested by
fishes in watersheds of the Gulf of Mexico. Marine Pollution Bulletin. 100:264-269.

Rocha-Santos, T. and Duarte, A. C. (2015). A critical overview of the analytical approaches to
the occurrence, the fate and the behavior of microplastics in the environment. Trends in
Analytical Chemistry. 65:47-53.

Romeo, T., Pietro, B., Peda C., Consoli, P., Andaloro, F. and Fossi, M. C. (2015). First
evidence of presence of plastic debris in stomach of large pelagic fish in the
Meditterranean Sea. Marine Pollution Bulletin. 95:358-361.

SEAFDEC (2014). List of Aquatic Animals and Plants in Southeast Asia. Southeast Asian
Fisheries Development Center, Thailand. pp.80.

Song, Y. K., Sang, H. H., Mi, J., Gi, M. H. and Won, J. S. (2015). Occurrence and Distribution
of Microplastics in the Sea Surface Microlayer in Jinhae Bay, South Korea. Archives of
Environmental Contamination and Toxicology. 69:279-87.

Talwar, P. K. and Jhingran, A. G. (1991). Inland fishes of India and adjacent countries. IBH
publishing Co. Pvt. Ltd., New Delhi 12:1158.

Tanaka, K. and Takada, H. (2016). Microplastic fragments and microbeads in digestive tracts of
planktivorous fish from urban coastal waters. Scientific Reports. 6:1-8.

The Economist (2018). The known unknown of plastic pollution. Retrieved from
https://www.economist.com/international/2018/03/03/the-known-unknowns-of-plastic-
pollution.

1031


https://www.sciencedirect.com/science/article/pii/S0025326X15002507?via%3Dihub#!

Thompson, R. C., Olsen, Y., Mitchell, R. P., Davis, A., Rowland, S. J., John, A. W. G,
McGonigle, D. and Russell, A. E. (2004). Lost at sea: where is all the plastic. Science.
304:838.

Thushari, G. G. N., Senevirathna, J. D. M., Yakupitiyage, A. and Chavanich, S. (2017). Effects
of microplastics on sessile invertebrates in the eastern coast of thailand: An approach to
coastal zone conservation. Marine Pollution Bulletin. 124:349-355.

Van Cauwenberghe, L. and Janssen, C. R. (2014). Microplastics in bivalves cultured for human
consumption. Environmental Pollution. 193:65-70.

Van Franeker, J. A., Blaize, C., Danielsen, J., Fairclough, K., Gollan, J., Guse, N., Hansen, P. -
L., Heubeck, M., Jensen, J. -K., Le Guillou, G., Olsen, B., Olsen, K. -O., Pedersen, J.,
Stienen, E. W. M. and Turner, D. M. (2011). Monitoring plastic ingestion by the
northern fulmar Fulmarus glacialis in the North Sea. Environmental Pollution.
159:2609-2615.

Woodall, L. C., Sanchez-Vidal, A., Canals, M., Paterson, G. L. J., Coppock, R., Sleight, V.,
Calafat, A., Rogers, A. D., Narayanaswamy, B. E. and Thompson, R. C. (2014). The
Deep Sea Is a Major Sink for Microplastic Debris. Royal Society Open Science.
1:140317-140317.

WWF (2018). How does nplastic end wup in the ocean? Retrieved from
https://www.wwf.org.uk/updates/how-does-plastic-end-ocean.

(Received: 15 September 2018, accepted: 31 October 2018)

1032



