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Microplastics are omnipresent in our environment. Living organisms were affected by 

microplastic pollution. This study was investigated microplastic in mangrove environments 
because there are accumulated various substances from land and sea. Moreover, mangrove is 
an important ecosystem that is a habitat for marine life and benthic organism. Our study area 
is the Maeklong River mouth, Samut Songkhram Province, Thailand. Surface sediments from 3 
stations were collected from the Maeklong River area and 2 core sediments were collected 
from the Maeklong River mouth and the Queen Sirikit Park. Sediment samples were analyzed 
by Loss on ignition (LOI) and grain size distribution. Microplastics were digested and observed 
their characteristics. Surface sediments from the Maeklong River mouth were found 
microplastic with average 580 ± 87 item per kilogram. The abundance of microplastic at far 
away site from river mouth was lower amount than at river mouth site. Previous studies in the 
Klong Khon tidal canal showed that the number of microplastic from the Klong Khon was 
higher than the Maeklong River. According to the Maeklong River flow are turbulent that 
affected on sediment also other particle to accumulate. 142 cm core was found microplastic 
ranging from 0 – 5,200 items per kilogram that concentration was decreasing with more depth. 
Location and grain size had an influence in the accumulation of microplastic in sediment. The 
most common microplastics that found in this study were 0.1 – 1.0 mm in size. The fiber was 
the abundance shape of microplastic. Polyester is the prevalent type of plastic in this study, 
the result refers to the source that can generate microplastic into environment such as 
wastewater from washing process and material from fishing. 
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CHAPTER 1  
INTRODUCTION 

 
1.1. Background 

Plastic debris has become a severe problem of this century, as plastic 
consumption has quadrupled over the past 30 years (Ritchie & Roser, 2018). In 2015, 
only 9% of plastic waste was recycled, while 79% had accumulated in landfills or 
the environment. It is a major source of plastic pollution worldwide (Geyer et al., 
2017). The debris is derived from land-based sources such as urbanization, industrial 
development, and shipping. When plastic debris sizes are smaller than 5 mm, it can 
call microplastics. Microplastics originated from two sources: primary sources and 
secondary sources. Primary source, produced as a small particle, used for 
commercial product such as microbeads (health and beauty products), microfiber 
(cloth and fishing net). Secondary microplastics, breaking down of larger plastic items, 
resulted from environmental factors - sun’s radiation and/or ocean waves (Cole et 
al., 2011; Ng & Obbard, 2006). 

Microplastics have been found worldwide, even in the most remote and 
deepest place on earth: the arctic and the deep ocean (Courtene-Jones et al., 2020; 
Peeken et al., 2018; Peng et al., 2018). Human activity is one factor that causes 
microplastic pollution because of improper management of plastic debris. Besides,  
the abundance of microplastics in the environment can refer to the increase  
in global plastic production (Claessens et al., 2011). Microplastics are not only found 
in visible size but also in m icron size that can preserve in clay sedim ent. 
Consequently, this tiny particle can be ingested by marine life such as fish, mussel, 
and plankton (Browne et al., 2008; Wright et al., 2013). It may be caused harm to  
an organism by its being an obstacle to the body system. Moreover, when it transfers 
to an organism by ingestion, microplastics can move through the food chain. 
Microplastic surfaces can absorb chemicals from the environment such as toxic 
metals, and persistent organic pollutants (POPs). These chemicals cause impairment 
of key body functions (Teuten et al., 2009). 
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M icrop lastics are  om nip resent in  ou r environm ent fo r long tim e .  
Many researchers found the evidence of historical changes in microplastic deposition. 
Sediment cores are providing insight long -term microplastic record in ocean 
(Matsuguma et al., 2017; Uddin et al., 2021), lacustrine (Dong et al., 2020; Turner et 
al., 2019), coastal (Asadi et al., 2019), estuary (Willis et al., 2017), and mangrove 
(Luu Viet et al., 2021). Especially, Mangrove forest have an potential for trap marine 
litter (Martin et al., 2019). Because mangrove plant aerial roots can trap a suspending 
particle from land and sea. Moreover, the smaller sediment size in mangrove 
environment are suitable for microplastic accumulation (Martin et al., 2020). 
Sediment record can be used as a geological proxy that human activity effected  
the global environment - Anthropocene (Brandon et al., 2019; Sun et al., 2021). 
Increased plastics loading in sediment cores tends to associated with global plastic 
production (Dong et al., 2020). It can refer that m icroplastic accumulated  
in environment and showed the strong resistance of plastic characteristic. 

Microplastics have become an interesting topic in Thailand for a decade. 
Microplastics were found in many places such as the Chao Phraya River, Bandon Bay,  
and beaches along the eastern Gulf of Thailand, the studies revealed that  
the anthropogenic activities were related to the concentration of microplastics  
 in the area (Bissen & Chawchai, 2020; Chinfak et al., 2021; Thepwilai et al., 2021) .  
The studies on microplastic contamination in Thailand mostly emphasized marine 
organism, surface sediment and surface water (Bissen & Chawchai, 2020; Chinfak et 
al., 2021; Jiwarungrueangkul et al., 2021; Thepwilai et al., 2021). On the other hand, 
there are a few studies on determining microplastic accumulation at depth and 
associate with mud deposit - fine grain sediment such as clay and silt.  

This study aimed to quantify microplastic and identify type of microplastic  
in mangrove area by using the data from sediment surface and sediment core 
sampling. The study area is the Maeklong River mouth in Samut Songkhram Province, 
Thailand. This site is unique because there is the habitat of many shells such as razor 
clam (Solen regularis), undulated surf clam (Paphia undulata), tongue shell (Lingula 
anatina), cockle (Cardiidae), etc. In addition, the site has been registered as  
Ramsar site number 1099 in 2001 – Don Hoi Lot (Department of Marine and Coastal 
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Resources, 2018). Accordingly, the study about microplastics in sediment, the habitat 
for marine life, can declare the distribution of microplastics that contaminate  
in environment. In addition, the results from this study will be interpreted with  
the results in Klong Khon tidal canal from Ploenbuppa (2021) for understanding 
current microplastic contamination status in Samut Songkhram Province. 

This thesis combined 2 publications which have been published in  
the international journals. These publications worked with different kinds of sediment 
sampling. Firstly, the study on surface sediment was conducted to investigate 
microplastic accumulation in mangrove sediment from two different waterways 
which has been shown in Chapter 4, entitled “Microplas tic contamination in  
the coastal environment: a case study from the Maeklong Estuary, Samut Songkhram 
Province”. Lastly, sediment cores from two mangrove areas were examined for 
vertical distribution of microplastic in mangrove environment which presented  in 
Chapter 5, entitled “Preliminary Study on Microplastic Abundance in Mangrove 
Sediment Cores at Maeklong River, Upper Gulf of Thailand”. 
 
1.2. Research Objectives 

This research focuses on microplastic that accumulated in mangrove 
sediment from the Maeklong River mouth, Samut Songkhram Province. The analysis  
of sediment feature also be carried out. 

(1) To investigate a contamination of microplastics in mangrove sediments  
at the Maeklong River mouth. 
 (2) To identify polymer type of m icroplastic that found in  mangrove 
sediments at the Maeklong River mouth. 
 
1.3. Scope of Study 

The study area was located around the Maeklong River mouth (13° 22’ to 13° 
22’N and 99° 59’ to 100° 02’E) (Figure 1). Sediment surface samples were collected  
from three locations along the shore of the Maeklong River mouth (Figure 1)  
and compiled with near important waterways, Klong Khon tidal – the data from 
Ploenbuppa (2021) (Figure 1). For vertical profile sampling, sediment cores were 
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collected from the mangrove forest at the Maeklong River mouth and Queen Sirikit 
Park - the intertidal area (Figure 1). Both of sediment cores were selected for further 
study by microplastic analysis, loss on ignition (LOI), and grain size analysis at 1, 2, 
and 5-cm interval, respectively. For the microplastic analysis, there are two steps to 
separate microplastic from sediment: floating method by using ZnCl 2 solution 
(density 1.6-1.7 g ml-1) and digestion method by using H2O2 solution. 

 
Figure 1 Study area map showing location of the Maeklong River and Klong Khon 
tidal canal in Samut Songkhram Province. 
 
1.4. Expected Outcomes 

This study will provide evidence of microplastic accumulated in sediment  
in the mangrove environment at the Maeklong River mouth. 
The expected results are as follows: 

(1) The abundance and characteristics of microplastics in mangrove surface 
sediments.  

(2) The distribution and characteristics of microplastics in mangrove core 
sediments. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER 2  
LITERATURE REVIEW 

 

This chapter describes the background of microplastic and the study area – 
Maeklong estuary, Samut Songkhram Province. 

 
2.1. Microplastics 

2.1.1. Source of microplastics 
Microplastics are divided into two types - primary microplastic and secondary 

microplastic. Microplastic was defined as primary microplastic originally manufactured 
to a small size such as microbeads in cosmetic products or plastic pellets for   
the thermoplastic process. The secondary microplastic was a small piece of plastic 
that fragmented from a larger plastic item. The plastic was broken by environmental 
factors such as sunlight, wave, and wind, etc. (Crawford & Quinn, 2017; Koehler et al., 
2015). 

Microplastic pollution is caused by human activity. Accordingly, investigated 
the occurrence and distribution of microplastics in the Belgian coast from different 
locations (coastal harbors, beaches, and sublittoral areas). The harbor found  
 the greatest quantity of microplastics. There is popular human activity such as 
shipping and tourism (Claessens et al., 2011). Moreover, household activity  
can generate a large of microplastic in the environment. Microfibers from clothes  
are released during washing and dumped into wastewater. A proper wastewater 
treatment can flite small particles uncovered in all areas (De Falco et al., 2019). 

2.1.2. Identification and characterization of microplastics 
Microplastics have the same quality as normal plastic: durable, flexib le, 

lightweight, and low-cost. There are many points to study microplastic characteristics 
in the research that are upon to objective of the research. The general characteristics 
such as shape, length, and color were normally identified under stereomicroscopic. 
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Size 
Microplastics are a plastic particle with a size below 5 mm but there  

is currently no standardized size-range of microplastic. Many studies normally 
ranged from below 5 mm to 1 µm (Figure 2) (Crawford & Quinn, 2017; Frias & 
Nash, 2019). 

 

Figure 2 The standardized size categories of a piece of plastic (Crawford & Quinn, 
2017). 
 

Polymer type 
Therm oplastic  is cu rrently used extensive ly . The varie ty o f 

thermoplastic is produced in various ways to offer a wide range of consumer 
use (Figure 3) (Gilbert, 2017). There are various polymer types of plastic that 
used in individual products. For example, packaging was made from various 
types of polymers such as linear low density polyethylene  (LLDPE),  
low density polyethylene (LDPE), high density polyethylene (HDPE), 
polypropylene (PP), and Polyethylene terephthalate  (PET) (Figure 4) 
(PlasticEurope, 2021). 
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Figure 3 Schematic diagram of thermoplastic classifications (Gilbert, 2017) 
 

 
Figure 4 Market segments and polymer types of European plastics demand in 2021 
(PlasticEurope, 2021). 
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2.2. Microplastic Analysis 
2.2.1. Density separation 

Density separation, namely flotation method, uses the differentiation  
of specific gravity of a substance. Original method used NaCl or seawater (specific 
gravity = 1.2 g/ml) to separate microplastic from sediment. The specific gravity  
of plastic has shown in Table 1. However, the higher specific gravity polymers 
(specific gravity > 1.2 g/m l) such as polyvinyl chloride (PVC), poly (ethylene 
terephthalate) (PET), and polyester must be in effective by using NaCl. Therefore,  
Lo et al. (2018) developed flotation method by using ZnCl2 (specific gravity 1.6-1.7 
g/ml) that heavier liquid than NaCl solution allowed the particle that specific gravity 
less than solution floating up into suspension. 
 
Table 1 Densities and common applications of plastics found in the marine 
environment (Koehler et al., 2015) 

Resin type Common applications Specific gravity 
Polyethylene Plastic bags, storage containers 0.91-0.95 
Polypropylene Rope, bottle caps, gear, 

strapping 
0.90-0.92 

Polystyrene (expended) Cool boxes, floats, cups 0.01-1.05 
Polystyrene Utensils, containers 1.04-1.09 
Polyvinyl chloride Film, pipe, containers 1.16-1.30 
Polyamide or Nylon Fishing nets, rope 1.13-1.15 
Poly(ethylene terephthalate) Bottles, strapping 1.34-1.39 
Polyester resin + glass fibre Textiles, boats >1.35 
Cellulose Acetate Cigarette filtters 1.22-1.24 

 
2.2.2. Digestion method 

Upon to organic matter in the sample that features like plastic and is hard  
to classify, the acid was used to dispose of the organic substance in the sample.  
Duan et al. (2020) investigated the efficiency method that uses H 2O2 solution  
with controlling heat to catalyze the reaction (Figure 5). 30% H2O2 solution washed  
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the particle from the flotation method and boiled the solution for increasing reaction 
rate. There are three stage digestions to ensure that vegetal litter was removed  
from the sample and only remained microplastic in the last process. First, filter paper  
w as rin sed  by 200  m l H 2O 2 so lu tio n  (30%  w /w ) fo r w ash  p rocess  and  
then the solution was heated at 70°C for 1 h. The following stages required to raise  
the temperature from 70°C to 100°C and heated for 3 h. Finally, the 200 ml H2O2  
was added and heated for 7 h. After digestion method, filter papers were dried  
in oven at 60°C for 24 h. Microplastics were picked up under stereo microscope  
and identified by FT-IR spectroscopy. 

 

 
Figure 5 Microplastic analysis including flotation method and digestion method. 
 

2.2.3. Polymer type identification 
Infra-red (IR) or Raman are two spectroscopy techniques that are used for 

identifying polymer types of specimens. FT -IR spectroscopy is counted on 
 the absorption of electromagnetic radiation by vibrational states of molecules.  
IR technique is broadly used for identifying various  substances ranging from food, 
cosmetics, agriculture, geology, and medicine.  

Raman technique depends on the shift in energy by inelastic light scattering 
that photons interact with molecules bringing them to virtual energy states and 
scattering back. Raman technique is also used for identifying various samples ranging 
from food to medicine. 

The suitable techniques for analyzing samples rely on various factors such as 
particle size, sample placement, and cost (Colthup et al., 1990). Microplastic polymer 
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type was generally identified via developing IR techniques - micro-Fourier transform 
infrared (µ-FTIR) spectroscopy. The FTIR spectra will match the reference database 
that refers to the polymer type (Figure 6). 

 
Figure 6 FT-IR spectra and match degrees of selected items. Red curves are FTIR 
spectra of standard polymers in spectral libraries, and black curves are FTIR spectra 
of microplastic samples (Y. Li et al., 2020). 
 
2.3. Microplastic in Sediment 

Studies on microplastic had lately become more popula r over the past 
decade. Microplastics have been detected in various environments such as the water 
column, sublittoral zone, and beach sediments worldwide. Microplastics have been 
dispersed across continents (Figure 7). 
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Figure 7 The map showing global abundance of plastics in surface waters and 
sediment in the marine environment (Crawford & Quinn, 2017). 
 

Plastics contributed to and are widely used by humans. Plastic can be 
fragmented into small pieces less than five millimeters long. Small plastic pieces  
can be accumulated with other particles in the surrounding (Crawford & Quinn, 2017). 
A deposition is a geological process in which matter, usually particles of sediment, 
rocks, organic matter, or dissolved material has been eroded and transported  
by a natural process, then accumulated together (Nichols, 2009). Sediment has been 
considered to be a potential sink of microplastic (Graca et al., 2017; Matsuguma et 
a l., 2017). A  potentia lly  im portan t sou rce  o f m icroplastics em itted  in to  
the environment was freshwater rivers (Claessens et al., 2011). In addition, 
Microplastic has been more associated with finer grain size (Enders et al., 2019).  
The factors affecting microplastic accumulation in sediment are tidal currents, winds, 
and tides (Zhang et al., 2019). 

Early studies on microplastic in sediment found plastic particles in the pelagic 
zone and sedimentary habitats. According to small size particles, microplastics  
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have been harmful to an organism by mistake ingestion (Thompson et al., 2004).  
High-density microplastics are likely to sink into the ground. A benthic organism  
may be ingested microplastics that caused uncertain consequences for the health  
of the organism (Wright et al., 2013). Blue mussels (filter feeder) and sandworms 
(deposit feeder) were found microplastic in their tissue (Van Cauwenberghe et al., 
2015). Many studies demonstrated that the contam ination of m icroplas tic  
in sediment has an impact on the ecosystem (Hamid et al., 2018). Microplastics  
have been carried contaminants such as pesticides, pharmaceuticals, metals, 
polycyclic aromatic hydrocarbons (PAHs), and polychlorinated biphenyls (PCBs)  
(Gallo et al., 2018). Microplastic that absorbed and concentrated toxic organic 
substances on their surface got into the aquatic organism by accidental intake. 
According to trophic levels, microplastic and toxic can be transferred from food  
to the human body (Mohamed Nor et al., 2021). Further research showed that 
microplastics cause neurotoxic effects, and lipid oxidative damage in wild fish and 
may impact human health risks (Barboza et al., 2020). 

Several studies have shown that microplastics have been contaminating  
the environment for a long time though. The marine sediment cores collected from 
Japan, Asia, and Africa have revealed that microplastics have been polluted  
in the environment since the 1950s and increasingly accumulated in sediment 
toward the surface layer (Matsuguma et al., 2017). In the same way, microplastics 
were found in sediment cores from an estuary in Tasmania, Australia. The evidence 
indicated that the trend of microplastic abundance gets along with global plastic 
production and coastal population growth (Willis et al., 2017). Many studies  
in sediment cores supported the upward increase of microplastic abundance 
associated with growing plastic production and increasing coastal populations 
(Brandon et al., 2019; Fan et al., 2019). Even in remote areas, marine slopes, there 
are the same trend of microplastic accumulation (Kukkola et al., 2022). Microplastics 
contaminated in the environment may be used as an indicator of geological proxy – 
Anthropocene (Brandon et al., 2019; Dong et al., 2020). Moreover, the shape and 
type of microplastic found in the area can indicate the source of the microplastic. 
Microplastics that are released into the environment were directly generated  
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by human activities. Polyester and rayon fibers found in an urban lake in Wuhan city, 
Ch ina sign ified that the m icroplastics m ost likely originated from  textiles  
(Dong et al., 2020). Washing process and wastewater management have been the 
main potential sources of microplastic contamination in the environment (Šaravanja 
et al., 2022; Vassilenko et al., 2021). 

Microplastic contamination in mangroves now appears as one of the global 
pollution issues. The mangrove environment that is a buffer between land and sea 
has been contaminated by pollution (Deng et al., 2021). The mangrove forests play  
a significant role as sediment traps involve other particles or substances from  
land- or marine-based activities (Mohamed Nor & Obbard, 2014). Many pathways  
can be possible sources of microplastic accumulated in mangrove ecosystems  
such as wastewater, runoff, and tourism as shown in Figure 8 (Deng et al., 2021).  
The study in the Red Sea and Arabian Gulf has shown that mangrove sediment acted 
as a major sink of microplastic. Because of mangrove trees, sediment or particle were 
trapped by their complex aerial root structure. The mangrove forests generally 
support high sedimentation efficiently accumulating plastics in their sediments  
(Martin et al., 2020).  

 
Figure 8 Possible sources and pathways of microplastic in mangrove ecosystems 
(Deng et al., 2021). 
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2.4. Plastic Pollution in Thailand 
 Department of Marine and Coastal Resources (2018) revealed that 10 million 
tons of plastic litter accumulated in the coastal area of 23 provinces around the Gulf 
of Thailand in 2015. Most of the plastic litter found in the coastal area is single -use 
items like plastic bags, plastic bottles, and plastic straws . Eighty percent of  
Thai marine plastic debris is led by inland human activity su ch as wastewater, 
landfill, port, and tourism. Another 20% is led by offshore activities such as shipping, 
fishing, and marine tourism (Pollution Control Department, 2019). The major source 
of dumping plastic into the marine environment is the river. In the upper Gulf of 
Thailand, the river mouth releasing plastic wastes, including hard and soft plastics, 
was the Chao Phraya River and followed by the Maeklong River, Tha Chin River,  
Bang Pakong River, and Bang Tabun River, respectively (Marine and Coastal Resources 
Research and Development Center The Upper Gulf of Thailand, 2019). 
 Marine and Coastal Resources Research and Development Institute and 
Burapha University (2014) reported originally microplastic studies in Thailand.  
The results showed that microplastic was found contaminated in tourism beaches, 
sediments, and bivalves in Chanthaburi Province in the east of Thailand. Fibers were 
the most common shape and white was the most common color of microplastics. 
Moreover, the evidence in commercial marine fish from the Lower Gulf of Thailand 
found plastic debris in the stomach that was microplastics (79.52%) (<5 mm)  
and mesoplastics (20.48%) (5 -25 mm). Plastic debris affected marine organisms  
and food chains, and would seriously affect human health (Azad et al., 2018). The 
coastal area in the eastern and western Gulf of Thailand was investigated , 
microplastics were found ranging from 420 to 24,980 and from 20 to 273 items per kg 
dry sediment in the eastern coast and the western coast of the Gulf of Thailand, 
respectively. A factor that affected the number of microplastic was not only human 
activity but also other factors such as surface circular direction, geomorphology, 
sunlight, and coastal erosion structure (Bissen & Chawchai, 2020; Thepwilai et al., 
2021). From the studies on surface sediment in estuary zone, the abundance of 
microplastic ranged in 300–900 and 33–400 items per kg dry weight in the dry and 
the rainy seasons, respectively. Rayon and polyester were dominant polymer type 
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and fibers w ere dom inate  shape in  Bang Ya i estuary in  Phuket P rov ince 
(Jiwarungrueangkul et al., 2021). Similarly to the result from Tapi-Phumduang River 
and Bandon Bay, the most abundant shape was fiber and the abundant polymer 
type was rayon (Chinfak et al., 2021). In addition, microplastic had accumulated  
in a deeper layer of sediment than 50 cm depth, the evidence from the mangrove 
sediment core in Pattani Bay and Songkhla Lagoon, Southern Thailand (Pradit, 
Noppradit, et al., 2022). Recent papers exploring the microplastic presence in pumice 
stone along the coast of Thailand. Microplastic entered the hole of the stone and 
come along with the stone floating from the South China Sea to the Gulf of Thailand 
(Pradit, Puttapreecha, et al., 2022). 
 
2.5. Study Area 

Samut Songkhram Province located in the west of the central plain  
is the smallest province in Thailand with a total area of 416.7 km 2. The climate of 
Samut Songkhram Province had dominated by southwest monsoon (mid -May  
to mid-October) and northeast monsoon (mid-October to mid-February) (Thailand 
Meteorological department, 2015, 2020). The Maeklong River is mainstream of  
this area as also Maeklong Basin originating in Kanchanaburi Province. The Maeklong 
River in Samut Songkhram Province is intersected by hundreds of canals and 
waterways including the famous canal - Klong Khon tidal canal. The Maeklong River 
mouth is part of Maeklong River basin that ends up in the sea. There are four major 
rivers (i.e., Maeklong, Tha Chin, Chao Phraya, and Bang Pakong Rivers) discharging into 
the upper Gulf of Thailand. The Maeklong River is not extensive as the Chao Phraya 
River, but the Maeklong River is the highest river runoff in the central region of 
Thailand with a mean annual runoff of 14,246 million m 2 (Office of the National 
Water Resources, 2021). There are two main storage dams which are the Srinagarind 
Dam and Vajiralongkorn Dam. According to  watershed areas of the basin, water 
management in this area is available for using in domestic and industrial, generating 
hydroelectric power, and controlling salinity (Khalil et al., 2018). At the Maeklong 
River mouth, there is plenty of benthic in muddy area. Don Hoi Lot – Ramsar site  
is located at the Maeklong River mouth that unique area consisted of such as razor 
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clams (Solen regularis), undulated surf clams (Paphia undulata), tongue shells 
(Lingula anatina), cockle (Cardiidae), etc. The abundant mangrove ecosystem in  
this province was supervised by governments and also citizens. Figure 9 showed  
the area of marine and coastal resources of Samut Songkhram Province. Rhizophora  
is a dominant genus of the most widespread mangrove ecosystem around this area 
including Rhizophoraapiculata, Avicenniaalba, and Xylocarpusgranatum 
(Department of Marine and Coastal Resources, 2018). There are the Mangrove Forest 
Conservation Learning Center and embroidering bamboo coastal erosion structure 
that It is a barrier length of more than 1,800 meters along the coast. 

Land use of this area consisted of agricultural, residential, forest, and others. 
Samut Songkhram Province is an agrarian society whose economy is based on 
producing and maintaining crops and aquacultures. Figure 10 and Table 2 showed 
the land use map and the definition of Samut Songkhram Province. The northern 
part of the province is an area of the cultivated zone. The many uses of the area 
along waterways and coastal include artisanal and commercial fisheries, aquaculture, 
human settlements, and mangrove forests (Land Development Department, 2019, 
2021). 
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Figure 9 Marine and coastal resources map of Samut Songkhram Province  
(Department of Marine and Coastal Resources, 2020) 
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Figure 10 Land use map of Samut Songkhram Province that the detail of the symbol 
has shown in Table 2 (Land Development Department, 2019) 
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Table 2 Land use in Don Hoi Lord area modified from Department of Marine and 
Coastal Resources (2015) 

Symbol Land use Area (Rai unit) Proportion (%) 

A1 Rice field 9 0.00 
A3 Fruit trees 341 0.12 
A4 Perennial 36,736 12.51 
A5 Agriculture 110 0.04 
A7 Animal husbandry 368 0.13 
A9 Aquaculture 82,369 28.05 
F3 Mangrove 23,428 7.98 
M1 Grass 9,235 3.15 
M2 Marshland 11 0.00 
M4 Reclamation area 244 0.08 
M5 Salt field 15,636 5.33 
Sea Sea 88,287 30.07 
U Community 28,339 9.65 
W1 Waterway 8,437 2.87 
W2 Pond 73 0.02 

Sum 293,623 100.00 

 
 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER 3  
METHODOLOGY 

 
3.1. Sediment Sampling 

In this study, sediment surface samples were collected from three location 
along the shore of the Maeklong River estuary namely MK1, MK2, and MK3.  
The sediment samples were collected in mangrove zone that area between land and 
sea (Figure 11). Top 5 cm surface was grabbed by stainless shovel within quadrat 
pattern (50x50 cm2), 3 samples per site (Heo et al., 2013; Thepwilai et al., 2021),  
the pattern has shown in Figure 12. Subsequently, sediment cores were collected 
from the mangrove forest at the Maeklong River mouth and Queen Sirikit Park. 
Russian corer (100 cm length and 8 cm in diameter) was used for collecting  
the sediment profile. An overlap sediment cores at Queen Sirikit Park namely CP1 
were collected that total length profile 142 cm. At river mouth site, namely S1  
was only collected total length 52 cm in depth. 

The samples were stored in aluminum containers and sent to the laboratory. 
Every step must be considered plastic contamination. The distilled water and  
the solution were filtered through glass microfiber filter GF/C, 1.2 -µm pore.  
The tools were made from non-plastic material and rinsed with distilled water before 
use. During processing, the beaker glass or other equipment should be covered away 
from airborne contamination.  

 
Figure 11 Sampling location of MK2 station that located in mangrove zone. 
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(a) (b) 

Figure 12 Collecting pattern by using a quadrat (a) before sampling and (b) after 
sampling by stainless shovel. 
 
3.2. Sample Preparation 

This research focuses on microplastic that accumulated in mangrove 
sediment thus m icroplastic and sediment were analyzed for understanding 
integration in mangrove environment. Surface sediment weighed approximately 2 kg 
at each sample was collected and dried in an oven at 60°C for 48 h. Dried sediment 
was stored in desiccator for further analysis. On the part of sediment core, lithofacies 
were observed and classified on the basis of their color, texture, the lithology  
of clastic particles. The sample was subdivided a sediment core into slices which  
1 cm interval sub-samples. The core sub-samples were divided into two parts: 
microplastic analysis and sediment analysis. For preparing sediment, each half of  
sub-sample sediment core was dried at 60°C in an oven for 48 h and stored in 
desiccator until further analysis. 
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3.3. Sediment Analysis 
For sed im ent analysis  in  su rface  sam ple , sed im ent’s partic le  s ize  

was analyzed. While core sediment sample at 2 and 5-cm interval were examined  
by loss on ignition (LOI) testing and grain size analysis, respectively. Each consecutive 
2-cm interval wet sediment from core profile were investigated by LOI testing which 

drying in an oven at 105C for 12 h and heating at 550C for 6 h (Figures 13a-b).  
LOI testing was performed at Department of Geology, Faculty of Science, 
Chulalongkorn University . Dried sed im ent was sent to  the Scientific and 
Technological Research Equipment Centre, Chulalongkorn University for sediment’s 
particle size analysis by using a laser diffraction machine (Malvern 3000) (Figure 14). 
 

  
(a) (b) 

Figure 13 LOI testing (a) sediment sample in ceramic pot and (b) high temperature 
muffle furnace. 

 
Figure 14 Laser particle size distribution analyzer - MALVERN Mastersizer 3000 (STREC Chula) 
that used for grain size analysis. 
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3.4. Microplastic Analysis 
Dried sediment was sieved through mesh No.4 (4.76 mm) for removing 

macroparticle that bigger than 5 mm. For the microplastic analysis, there are three 
steps to separate microplastic from sediment: density separation or floating method 
by using ZnCl2 solution (density 1.6 - 1.7 g ml-1), digestion method by using 30% H2O2 
solution and identification. In this study, there are two types of samples, surface 
sample and core sample. Consequently, the experiments were performed differently 
in the following ways. 

3.4.1. Surface sample 
Microplastics were separated from 50 g dried sediment by using 200 ml ZnCl 2 

density separation method following Lo et al. (2018). Then, the impurities  
were disposed by using H2O2 solution and catalyzed by heat that method from  
Duan et al. (2020). The flow chart of microplastic analysis for surface sample  
has shown in Figure 15. 

3.4.2. Core sample 
Microplastic analysis for core sample in this study was modified from Lo et al. 

(2018)  and Duan et al. (2020). 5 g dried sediment was blended with 50 ml ZnCl2 
so lution at 500 rpm  for 5 m in and then settled aside for 3 h (F igure 16).  
The supernatant was contained with particle that their density less than 1.6 g m l-1 
including microplastic, organic matter, and other microparticle. To digest microplastic, 
30% H2O2 solution was used to remove organic material. The GF/C glass microfiber 
filter with 1.2 µm pore and 70 mm diameter was used in the laboratory (Figure s  
17a-b). After poured the supernatant through GF/C glass microfiber filter by using 
vacuum filter (Figure 18a), the residuals on filter were leached by 50 m l H2O2 

solution (Figure 18b). Next, solution was heated at 70C (Figure 19) and settled in 
room temperature overnight. Finally, the solution was filtered through GF/C glass 
microfiber filter, the filter was preserved in glass petri dish and leave dry at room 
temperature for further analysis. 
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Figure 15 Flow chart showing the floatation method following Lo et al. (2018)  
and the digestion method from Duan et al. (2020). 
 

added 200 ml  
in residues sediment 

repeat 3 times 

Dry sediment 50 g mixed with ZnCl2 200 ml

The solution stirred with magnetic stirrer for 5 min at 500 rpm

settled 3 h

poured the supernant through 1.2 µm pore 
GF/C glass filter

particle on filter were digested H2O2 solution 200 ml

heated at 70C for 3 h

added 200 ml H2O2 (30%) and settled overnight

poured the supernant through 1.2 µm pore GF/C glass filter

collected filter in petri dish and left dry at room temperature
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Figure 16 The solution settled aside for 3 h during the precipitation process. 
 

  
(a) (b) 

Figure 17 Equipment used for micro-filter: (a) GF/C glass microfiber filter and (b) filter 
in the funnel. 
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(a) (b) 

Figure 18 (a) filtering process by using vacuum pump and (b)  washing process  
by using H2O2 solution. 
 

 
Figure 19 The solution during heating process by using laboratory hot plate. 
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3.5. Microplastic Identification 
After microplastic digestion, microparticles on the filter (Figure 20a) including 

microplastic and other were identified under microscope in order to identification 
criteria that is shape, color, and size (Figure 20b). Then, m icroparticles that 
representative of the group was analyzed polymer type by using micro -Fourier 
transform infrared (µ-FTIR) spectroscopy LUMOS II at the Professor Aroon Sorathesn 
Center of Excellence in Environmental Engineering, Faculty of Engineering,  
Chulalongkorn University (Figures 21a-b). FTIR spectroscopy detected infrared 
spectrum of absorption or emission of particle and resulted graph that can interpret 
band spectra with a proper literature.  

 

    
(a) (b) 

Figure 20 M icroplastic under stereo m icroscope (45x) (a) m icroplastic on  
the filter and (b) particle size measurement by micron scale. 
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(a) (b) 

Figure 21 Identification process using FTIR spectroscopy (a) FTIR spectroscopy LUMOS 
II at Faculty o f Engineering and (b) m onitor showed m icroparticle under  
FTIR spectroscopy. 
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Abstract 
Microplastics have polluted our environment, particularly mangrove 

ecosystems, the barriers between land and sea that trap sediments and pollutants. 
The abundance of microplastics has increased in microplastic deposition and tends 
to rise in the future. There were significant changes in the abundance of microplastics 
in relation to the sediment particle size (p < 0.05). The difference in location 
between the Queen Sirikit Park and Maeklong River mouth sites was significant  
(p  <  0 .01). In  th is study, m angrove sed im ent cores were collected from  
the Maeklong River mouth and Queen Sirikit Park (shoreline), Samut Songkhram 
Province. The microplastics were analyzed using a modified flotation method,  
then recasted and removed organic matter. Fiber microplastics is composed of 92% 
and 82% of the total microplastics that found in the Maeklong River mouth and 
Queen Sirikit Park, respectively. The accumulation of microplastics in the sediments 
was influenced by grain size and location. The polymer types of microplastics  
were those normally used in textiles, indicating human activity. Moreover, micro -
Fourier transform infrared (µ-FTIR) spectroscopy analysis identified compounds o f 
other small particles, including tire rubber, pigment, paint, dyes, and flame retardant. 
These results im ply that m icroplastics and m icroparticles have polluted  
the mangrove sediment in the Maeklong River basin, which is an important fishery 
area in the upper Gulf of Thailand.  
 
 
 
 
 
 
 
 
Keywords: microplastic, mangrove, core sample, organic sediments, µ-FTIR 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.1. Introduction 
Plastic is used globally for producing packages and components of consumer 

goods and other devices. It was invented in the 1900s and has been dramatically 
deployed since the 1950s (Gilbert, 2017) because of its features, such as durability, 
low production cost, flexibility, and chemical and water resistance. However, 
although plastic durability is an outstanding feature, plastic waste requires centuries 
to degrade. Thus, plastic is broken down into smaller pieces that become 
microplastics, whose particle size is smaller than 5 mm. Microplastics can be spread 
and accumulated in the environment for a long time (Claessens et al., 2011; Van 
Cauwenberghe et al., 2013). 

Microplastics have extensively polluted the environment, as shown  
by historical microplastic records, including lake and marine sediments, ice sheets, 
and peat sequences. The evidence reveals that microplastics have accumulated  
in the environment from the late 1950s to now. Microplastics have been found  
in ice sheets (cores), for example, from the Arctic Ocean and Antarctic Sea ice (Kanhai 
et al., 2020; Kelly et al., 2020). They were also found in lake sediment areas, such as 
a dated-lake sediment core in the North London Lake (Turner et al., 2019), a dated 
sediment core in Japan, and the Donghu Lake in China (Dong et al., 2020). 
Meanwhile, microplastic sedimentation in China's Donghu Lake has increased  
10 times over the past 60 years. Lake sediment potentially hosts great amounts of 
microplastics produced by human activities (Turner et al., 2019). Moreover, 
microplastics are omnipresent in the marine environment. For example, the ocean  
is the destination of plastic waste generated on land and transported via rivers  
or coastlines (Jambeck Jenna et al., 2015). Furthermore, microplastics are also found  
in deep-sea sediment cores, such as the Rockall Trough, North Atlantic Ocean (Abel 
et al., 2022), and the Kuril Kamchatka Trench, Pacific Ocean  (Abel et al., 2022). 

Studies about microplastics in mangrove areas reveal that plastic has been 
bu ried  ac ro ss  th e  Red  Sea  and  the  A rab ian  G u lf s in ce  th e  1930 s and  
has exponentially increased since the 1950s in line with global plastic production 
(Martin et al., 2020). Moreover, m icroplastics were found in core samples  
from Thailand, Malaysia, and South Africa (Matsuguma et al., 2017). Previous studies 
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showed the occurrence of microplastics on land, especially in the boundary line 
between land and mangrove areas. Mangrove areas have a high sinking potential  
for sediment load and microplastics because of their plant root systems and low -
energy environments (Mohamed Nor & Obbard, 2014). Moreover, the investigation of 
undated sediment cores from mangrove areas in southern Th ailand showed  
that microplastics occurred in greater amounts in mangrove areas than that in 
outside areas because of the trapping potential of mangrove roots (Pradit, Noppradit, 
et al., 2022). In addition, there was a significant amount of microplastics in the shelter 
of wetlands and the surrounding community area, whereas there was a lower 
amount in open sea-facing areas, the Gulf of Thailand, and the outer community 
area (Pradit, Noppradit, et al., 2022). 

Rivers are pathways that release plastic waste from land to the ocean (Meijer 
et al., 2021). Plastic waste ends up in the sea through various paths, including runoff, 
wastewater, rubbish dumping, and soil erosion (Zhang et al., 2018). In this regard, 
Thailand was ranked sixth in terms of mismanaged plastic waste among 192 coastal 
countries in 2010 (Jambeck Jenna et al., 2015). Nowadays, Thailand has also been 
listed as one of the top 20 countries in term s of annual plastic emissions into  
the ocean  (Meijer et al., 2021). Because of improper waste management in Thailand, 
plastic debris is released into the sea. Most of the plast ic debris in the ocean  
is caused by land activities, including wasteland, drain water, urban areas,  
and tourism, and a further 20% of the plastic waste is generated by marine activities, 
including commercial boats, fishing boats, shipping freight, and ocean tourism 
(Pollution Control Department, 2019). Plastic debris in the environment is eventually 
turned into microplastics by natural wind, tides, ocean currents, and UV radiation. 

Microplastics can enter an organism's body through ingestion (Wright et al., 
2013). Previous studies showed that microplastics have been detected in bivalve 
tissues (Ding et al., 2021). Clams, oysters, mussels, and scallops can potentially 
receive suspended particles in the water, including microplastics. Microplastics  
can obstruct and damage an organism's tissues (Deng et al., 2017; Ding et al., 2021).  
In addition, the microplastic surface can absorb heavy metals and toxic chemicals 
that may be accumulated in the body and cause diseases (Gallo et al., 2018). 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 34 

Don Hoi Lot, listed as the Ramsar site under the Ramsar Convention, is Thailand's 
most distinct wetland ecosystem in the Maeklong River. This deep mangrove area  
is along the shoreline east of the Maeklong River mouth (Pumijumnong, 2014).  
The Maeklong River flows through Kanchanaburi, Ratchaburi, and Samut Songkhram 
Province and ends up in the upper Gulf of Thailand. This river is surrounded by urban 
and aquaculture areas and is thus an important place for fisheries and for rearing 
clams, mussels, and giant tiger prawns (Department of Marine and Coastal Resources, 
2018). 

Many studies have been conducted to study environmental changes, human 
activities related to the environment, and toxic metal elements in Samut Songkhram 
Province. As a result of a growing city, human activities cause environmental 
pollution (Klangnurak & Chunniyom, 2020; Punwong et al., 2018; Qiao et al., 2015) . 
Meanwhile, the mangrove environment is a significant ecosystem providing young 
ocean an im als w ith food and habitat. In th is regard, one study collected  
and analyzed coastal sed im ents in  S ingapore and provided evidence of 
environmental change in the country (Mohamed Nor & Obbard, 2014). However, 
studies in this regard on Thailand's core and mangrove sediments are limited.  
Thus, this study focused on a mangrove area that has potential microplastic 
sedimentation. This study estimated microplastic contamination in core sediments 
from the Maeklong River's mouth mangrove ecosystem. 
 
4.2. Material and Method 

4.2.1. Study area 
Sediment core CP1 and S1 were collected from mangrove area. This study 

w as conducted  a t a  m angrove  a rea  a long the  M ae klong R ive r m ou th ,  
Samut Songkhram Province, Thailand (Figure 22a). This area is part of the upper  
Gulf of Thailand. The S1 site was located at the river mouth near Don Hoi Lot  
(Figure 22b). Meanwhile, the CP1 site was situated in Queen Sirikit Park (Figure 22c), 
known as a mangrove conservation area. The Maeklong River estuary area's unique 
characteristic, known as Don Hoi Lot, covers 4 km wide at the Maeklong River mouth. 
A mudflat area consisting of sand and mud was smoothly plain with less than  
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1% slope. According to the location of CP1 site surrounding the exuberant mangrove 
ecosystem, this site has been an important resource for inhabiting aquatic species. 
Moreover, bamboo walls along the shore of Samut Songkhram Province protected 
the mangrove area from coastal erosion (Figure 22c). 

 
Figure  22 Study area: (a) Location of the Maeklong River mouth on the upper Gulf 
of Thailand. (b) Landscape of the S1 site located near Don Hoi Lot. (c) Landscape of 
the CP1 site located on the east side of the Maeklong River mouth. 
 

4.2.2. Core sampling 
Considering plastic contamination in the field and laboratory, the use of  

a plastic-made tool was avoided, and the spoon, blade, and glass bottle were rinsed 
with distilled water before use. The equipment should be sealed or covered away 
from airborne microplastic contamination. Two sediment cores were collected from 
two sites in front of the mangrove area at the Maeklong River mouth. The samples 
were picked up at the border of the mangrove forest to prevent root disruption.  
The sediment cores were taken using a Russian corer (100 cm in length and 8 cm  
in diameter). The CP1 core (Queen Sirikit Park) was collected from the overlap 
sediment core, and the total length of the site was 142 cm in depth. A 52 -cm core 
was collected at the S1 site (near Don Hoi Lot). After returning to the laboratory,  
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the core samples were sliced into 1-cm-thick pieces using a stainless blade and 
individually stored in a container for further analysis. 

4.2.3. Sediment analysis 
Each consecutive 2-cm interval sample was used to estimate the qualitative 

changes in organic matter of sediments through loss on ignition (LOI). The samples 
w ere  d ried  in  an  oven  a t 105°C  fo r 12 h  and then  com busted a t 550°C  
for 6 h. The organic content was calculated from the weight loss percentage  
(Heiri et al., 2001). 

The sediment's particle size was analyzed using a laser diffraction machine 
(Malvern 3000). Each consecutive 5-cm interval core sediment was dried in an oven 
at 60°C for 48 h. Then, 1–2 g of dried sediment was sieved through a No.4 mesh  
(4.75 mm) and sent to the Scientific and Technological Research Equipment Centre, 
Chulalongkorn University. 

4.2.4. Microplastic analysis 
Microplastic abundances were determined for each consecutive 1 -cm slice  

of the core. Wet sediment was dried in an oven at 60°C for 48 h. First,  the floating 
method was used to separate particles using a ZnCl2 solution (density 1.6–1.7 g ml−1). 
The ZnC l2 so lu tion allowed sed im ents w ith  h igher density  than that o f  
the solution to sink to the bottom while plastics and some organics floated up  
in the supernatant. All solutions were filtered using 1 .2 µm mesh size filter paper 
before use to avoid MPs contamination . Next, 5-g dry-weight sediment was mixed 
w ith  ZnC l2 (50  m l) a t 500 rpm  fo r 5  m in  and a llow ed to  settle  fo r 3  h .  
The supernatant containing particles less dense than 1.6 g ml−1 was poured through 
a Millipore filter (glass m icrofiber filter GF/C, 1.2 -µm pore, 70-mm diameter, 
Whatman) using vacuum filtration. The floating method was repeated three times 
(modified from Lo et al. (2018)). Next, 30% hydrogen peroxide was used to remove 
the organic substance associated w ith m icroplastics. The  filter contain ing 
microplastics and organic substances was rinsed using 50 ml of H2O2. The solution 
was heated at 70°C for 1 h and allowed to settle overnight (modified from Duan et 
al. (2020)).Then, Microplastics were counted and observed under a stereomicroscope. 
Their characteristics and plastic properties were primary checked by hot needle 
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technique test and appearance inspection including non -cellular structure, equally 
thick especially in fiber, homogeneous texture (De Witte et al., 2014; Hidalgo-Ruz et 
al., 2012). The limitation of the identification process was that microplastics smaller 
than 0.1 mm (100 µm) were hard to observe under the microscope. Finally,  
the representative microplastic sample was identified polymer type by using micro -
Fourier transform infrared (µ-FTIR) spectroscopy LUMOS II at the Professor Aroon 
Sorathesn Center of Excellence in Environmental Engineering, Faculty of Engineering, 
Chulalongkorn University. 

4.2.5. Pollution load index (PLI) 
To understand the contamination level in core sediment at each site from 

Maeklong River estuary, an integrated pollution load index (PLI) was calculated based 
on Tomlinson et al. (1980). PLI at each site is related to microplastic concentration 
factor (CFi) (Eqs. 4.1 and 4.2) as given below: 

𝐶𝐹𝑖  =  
𝐶𝑖

𝐶𝑜𝑖
      (4.1) 

𝑃𝐿𝐼 =  √𝐶𝐹𝑖       (4.2) 

At each site, CF i is the quotient of the microplastic concentration at surface  
(0-5 cm) (C i) and the background microplastic concentration (Coi). The microplastic 
concentration at the bottom of the sediment core was considered as a background 
value. 
 
4.3. Result 

4.3.1. Sediment analysis 
Sediment from each consecutive 5-cm depth interval was measured using  

a laser diffraction machine (Malvern 3000). The sediment sample from the CP1 site 
(Queen Sirikit Park) had high concentrations of silt (0.002–0.05 mm) and sand  
(0.06–2.0 mm), whereas the sample from the S1 site (the Maeklong River mouth) was 
silt dominated. The average grain size from each 5 -cm depth interval ranged from 
38.9 to  166.0 and 21.4 to  65.7 µm  in  the CP1 and S1 sites, respectively .  
The lithostratigraphy and grain size proportion of the sediment cores are shown in 
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Figure 23. LOI was analyzed by combusting the sediment sample from each 
consecutive 2-cm interval. LOI reflects the water, organic, and carbonate contents 
contained in the sediment sample. Lithostratigraphy and grain size proportion of CP1 
core (Figures 24a-b) are performed with microplastic abundance graph and LOI 
percentage graph in Figure 24. The LOI value in the 142-cm core from the CP1 site 
was high at the top of the core and had a slightly decreasing trend from top to 
bottom of the core (Figure 24d). The result showed that the levels of organic 
substances contained at the top of the core sample were higher than that  
at the bottom of the core. Meanwhile, the LOI value had no difference in the 52-cm 
core from S1. Organic matter in each depth was equally accumulated at the S1 site. 

 
Figure 23 Lithostratigraphy and grain size proportion from top to bottom of (a) the CP1 
core and (b) the S1 core. 
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Figure 24 Sediment core CP1: (a) lithostratigraphy of core CP1; (b) percentage 
proportions of the size of sediment in the CP1 core; (c) microplastic abundance  
in the CP1 core; (d) LOI percentage of sediment in the CP1 core. 
 

4.3.2. Microplastic analysis 
Microplastic abundance 
Microplastics were found in almost the entire depth length of the CP1 

and S1 core samples. A total of 794 and 63 microplastics were identified  
in the CP1 and S1 cores, respectively. Microplastics in each 1 -cm depth 
interval in the sediment cores ranged from 0 to 5200 items per kilogram of 
sediment, with an average of 1102 items per kilogram for the CP1 site and 
from 0 to 1400 items per kilogram in dry sediment, with an average of  
426.9 items per kilogram for the S1 site. The m icroplastic abundance 
decreased with increasing sediment depth in the CP1 core; conversely,  
the abundance of microplastics in each depth had no trend in the S1 core.  
In addition, pollution load index (PLI) was evaluated by m icroplastic 
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concentration at each site. The PLI values of CP1 and S1 site were 2.04  
and 1.22, respectively. 

Characteristic of the microplastics 
Four different shapes of microplastics (i.e., fiber, fragment, stick,  

and plate) were observed under a microscope. Examples of the microplastics 
found in this study are shown in Figure 25 At Queen Sirikit Park (CP1 site), 
most microplastics were in fiber shape (92%), followed by fragment (5%)  
and stick (3%), respectively. The plate shape was not found at the CP1 site.  
At the Maeklong River mouth (S1 site), the common shape was also fiber 
(82%). The other shapes were fragment (11%), plate (4%), and stick (3%), 
respectively (Figure 26). Meanwhile, fiber was the only shape found  
at the deeper part of the CP1 core (118- to 142-cm depth). 

 
Figure 25  Examples of microplastics found in this study (from the top left in  
the clockwise direction): black fragment, red fiber, purple fiber, and transparent fiber. 
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Figure 26 Shapes of microplastics in the sediment cores. Percentage proportions  
of shape categories of microplastics in (a) the CP1 sample and (b) the S1 sample. 
 

For color identification, multiple microplastic colors were detected, 
including black, colorless, green, red, white, and brown. The CP1 site had all 
these colors, whereas the S1 site had all colors except brown. The most 
prevalent colors from the two sediment cores were equally black and 
colorless. 

The total microplastics found in this study were generally 1.0–5.0 mm 
in size. Microplastics with sizes ranging from 0.1 to 1.0 mm (62%) and  
1.0 to  5 .0 m m  (38% ) were found at the CP1 site . As in the S1 site , 
microplastics 0.1–1 mm in length (55%) constituted a dominant proportion. 
The residual part comprised m ic roplastics 0.1–1 mm in length (45%)  
(Figure 27). Microplastics in the CP1 site accumulated with silt–sand sediment 
size (0.002–2.0 mm), whereas the S1 site had more silt -size sediment  
and a smaller microplastic proportion (0.1–1.0 mm) than that in the CP1 site 
(Figure 27). 
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Figure 27 Sizes of microplastics in the sediment cores: percentage proportions  
of microplastic size in (a) the CP1 sample and (b) in the S1 sample. 
 

Polymer type of microplastic 
The µ-FTIR analysis analyzed a total of 38 suspected particles . 

8 samples were non-plastic including natural dyes and cotton. Consequently, 
the particle with the same characteristic as non -plastic were deducted  
from the total number of microplastic. As the spectra of µ-FTIR can analyze  
the surface of the sample, coatings or contaminations on the surface  
can influence the spectra. Moreover, the fiber shape mostly found in  
th is study was p retty hard to  analyze because o f the lim ited area  
for detection. 17 suspected particles were analyzed as a plastic component.  
The polymer types of the microplastics from the two mangrove sediment 
cores consisted of rayon, polyester (PES), polyamide (PA), polyethylene (PE), 
polybutylene terephthalate (PBT), polypropylene (PP), and polycarbonate 
(PC). An example of a polymer type spectrum of these microplastics is shown 
in Figure 28. The fiber was detected in various commercial names, including 
rayon, olefin, spandex, and nylon, which differed depending on the polymer 
type. In addition, this study detected other microparticles (14 suspected 
particles of a total suspected particles) that contaminated sediments, such as 
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pigment, tire rubber, paint, dyes, and flame retardant material. An example  
of a microparticle's spectrum is shown in Figure 29. 

 

 
Figure 28 The spectrum from the FTIR analysis in this study. The FTIR spectra 
showing polymer type of microplastic (e.g., polyester, rayon, nylon, and spandex). 
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Figure 29 FTIR spectra showing types of micromaterials found contaminating  
the sediment sample from this study (e.g., tire rubber, flame retardant, dyes,  
and pigment). 
 
4.4. Discussion 

The 142-cm core from the CP1 site and the 52-cm core from the S1 site were 
analyzed in detail. The results demonstrated that m icroplastics polluted  
the mangrove sediment even at a 142-cm depth. A comparison of the findings from 
this study with those of previous studies in selected regions is shown in Table  1.  
The microplastic abundance in the mangrove sediment cores from the Samut 
Songkhram Province was approximately equal to those in Tokyo Bay, Japan,  
and the Red River Delta, Vietnam. Meanwhile, the abundance of microplastics in  
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this study was higher than that in other areas in Thailand. Microplastic accumulation 
and distribution are influenced by environmental parameters such as geography, 
location, hydrodynamics, environmental pressure, and time (Das, 2016). Because  
the mangrove area where the CP1 and S1 sites are located is dom inated  
by Pneumatophores (respiratory roots), which enhance the deposition of plastic 
particles on sediment, the mangrove sediment is a suitable plastic sink (Martin et al., 
2020). 

 
Table 3 The abundance of microplastic in sediment cores from this study and 
selected regions. 

Country Location Ecosystem 

Total 
Microplastics 
(item/ kg dry 
sediment) 

Reference 

Japan Tokyo Bay Bay 1845 – 5385 (Matsuguma et al., 
2017)  

Thailand Gulf of Thailand Bay 83 – 165 (Matsuguma et al., 
2017)  

Songkhla Lagoon Mangrove 
forest 

106 – 413 (Pradit, Noppradit, 
et al., 2022)  

Pattani Bay Mangrove 
forest 

108 – 180 (Pradit, Noppradit, 
et al., 2022)  

 Maeklong River  Mangrove 
forest 

0 – 5200 This study 

China Jiaozhou Bay Bay 3 – 28 (Zheng et al., 
2020)  

Hangzhou Salt marsh 40 – 480 (Jingjing Li et al., 
2020) 

Pearl River Estuary 140 – 820 (Fan et al., 2019)  
Indonesia Baluran National 

Park 
Coastal 116 ± 81 (Asadi et al., 2019)  
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Country Location Ecosystem 

Total 
Microplastics 
(item/ kg dry 
sediment) 

Reference 

Vietnam Tien Yen Bay Mangrove 
forest 

0 – 815 (Luu Viet et al., 
2021)  

Red River Delta Mangrove 
forest 

0 – 4941 (Luu Viet et al., 
2021)  

 
The number of microplastics detected at every layer from the S1 site  

was lower than that detected in CP1. The difference in location between the CP1 
and S1 sites is significant (p < 0.01) (Mann–Whitney U test). Geomorphologically,  
S1 is located at the river mouth and is thus tide-dominated, whereas CP1 is located 
near the shoreline and is under coastal protection behind bamboo walls (see Figure 
22). Thus, CP1, located at a low -wave energy area, is a more favorable sink for 
particles and microplastics (Lo et al., 2018). 

The sedimentary grain size analysis showed that the particle size of the CP1 
and S1 sites ranged from very coarse silt to fine sand and from coarse silt to very fine 
sand, respectively. Consequently, the sediment samples from S1 had a grain size 
finer than that of the sediments from CP1. The environment at the S1 site was 
suitable for silt domination, and fine -grained sediment has accumulated in the 
Maeklong River mouth. Meanwhile, estuarine environments accumulate various 
ranges of sediment sizes, but finer grains dominate most estuaries (Das, 2016).  
In addition, there were significant changes in the abundance of microplastics and the 
particle sizes of the sediments from the two core samples, with a significance of 
0.022 (p < 0.05) (Pearson correlation). Moreover, there was a linear relationship 
between the number of microplastics and the grain sizes of the sediment. 

The abundance of microplastics negatively decayed exponentially with 
deeper depths of sediment core CP1 (r = 0.6734; p < 0.05). The trend is shown  
in Figure 24c. This relation was also found in the sediment profile in Kuwait Bay  
(Aba et al., 2014) and the UK's continental shelf and slope (Kukkola et al., 2022).  
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The results concluded that the number of microplastic accumulations decreased 
with increasing sediment depth. Accordingly, the trends of plastic consumption  
from the past and microplastic accumulation in the core were in the same direction. 
Pollution load index was normally evaluated the level of pollution in each area. 
According to this study, PLI value is applied to evaluate the contamination level  
in microplastic at each depth in core sediment. PLI value from CP1 site (2.04)  
had greater than S1 site (1.22). Both PLI values were less than 10. Consequently, 
Hazard level at Maeklong River estuary indicated Hazard level I that refers to hazard 
category by L ithner et al. (2011). Th is result m ay im ply that m icroplastic 
contamination from past to present has minor risk. 

The microplastics found in this study were mostly in fiber form, as in previous 
studies in mangrove core sediments in southern Thailand, Hangzhou Bay, China,  
and Northern Vietnam (Jingjing Li et al., 2020; Luu Viet et al., 2021; Pradit, Noppradit, 
et al., 2022). Moreover, many previous studies also suggested that the fiber type  
is detected as a major shape of microplastics in mangrove environments (biota: 
(Hastuti et al., 2019; Klangnurak & Chunniyom, 2020), sediments: (Mohamed Nor & 
Obbard, 2014; Wang et al., 2020; Zuo et al., 2020)). Synthetic fiber is usually used for 
clothing, carpets, and various other products made from polymer -based materials 
such as nylon (PA), spandex (polyether–polyurea copolymer), and rayon (generated 
ce llu lo se ) (Lo asby , 1951 ). Syn the tic  fibe r can  re lease  m ic rofibe rs in to 
the environment during its manufacturing or washing process (Šaravanja et al., 2022). 
With microfibers dumped into wastewater, some microfibers slip through water 
filtration systems and finally enter the environment (Vassilenko et al., 2021). 

Accordingly, the microplastics found in this study can be implied as sourced 
from households around the study area. Besides the microplastics found in 
mangrove sediment cores from Pattani and Songkhla Province, southern of Thailand, 
rubber and paint have been reported (Pradit, Noppradit, et al., 2022). Other synthetic 
particles were also discovered associated with plastic polymers in this study, and  
the µ-FTIR analysis identified compounds of small particles, tire rubber, pigment, 
paint, dyes, and flame retardant. Currently, tire rubber is made from a mixture of 
natural and synthetic rubbers. Wear and tear from car tires can generate tire wear 
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particles recognized as microplastics resulting from the mechanical abrasion between 
tires and road surfaces (Kole et al., 2017; Wagner et al., 2018). Meanwhile, pigments, 
dyes, paints, and flame retardants are normally used in coating materials or as 
additives in polymers to improve the polymers' properties (Ambrogi et al., 2017). 
According to a study in the United Kingdom, synthetic dyes were found contained in 
fiber (Turner et al., 2019). Moreover, paint partially made from plastic polymer 
contribute microplastics into the ocean and waterways. Plastic leakage from paint is 
heavier than other sources of microplastic leakage (textile fibers and tire dust) (Paruta 
et al., 2022). The size of the synthetic materials in this study (tire rubber, pigment, 
paint, dyes, and flame retardant) was less than 5 mm. Synthesis materials and 
chemicals also play a role in microparticle contamination in the environment. 

The 1950s was the period of widespread plastic use (Chalm in, 2019).  
In this regard, many studies have revealed long -term  evidence records of 
microplastic accumulation in sediments. For example, dated sediment cores from 
Kuwait represented about 60 years of record with a 59 -cm sediment depth. 
Microplastics were detected at the bottom of the core since 1951 (Aba et al., 2014). 
Similarly, microplastic contamination started in the 1950s and increased toward the 
surface layer in a dated sediment core from Tokyo Bay, Japan (Matsuguma et al., 
2017). In the Gulf of Thailand, microplastics were detected at 10 - to 12-cm depths  
in an undated sediment core sampling near the Chao Phraya River, but the deeper  
part of the core had no microplastics (Mohamed Nor & Obbard, 2014). Moreover,  
the notable core sampling 8 km away from the Maeklong River mouth only found 
microplastics at the top sediment layer (0–6 cm) (Matsuguma et al., 2017). 

The core samples from this study were not dated, but the data from  
the sediment record in the Klong Khon subdistrict, Samut Songkhram province, 
provided a sedimentation rate of 0.6 cm per year using OxCal v4.10 (Punwong et al., 
2018). According to evidence from the CP1 core, the 33- to 42-cm depths were filled 
with sand-size grains and shell fragments that may have been interrupted by a strong 
event. The strong event that brought coarse-grain deposition in this mangrove area 
was assumed to be typhoon Vae, which attacked the upper Gulf of Thailand in 1962 
(Suphat, 2007). The depth from the top to the marked layer (33–42 cm; see  
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Figure 24) and the period of occurrence of the Vae typhoon were calculated,  
and the rate of sedimentation was approximately 0.57 cm per year. This study 's 
result is similar to the sedimentation rate at the Klong Khon subdistrict (Punwong et 
al., 2018) located west of the Maeklong River, Samut Songkhram Province. 

Microplastics found in the deep layers may have accumulated before  
the industrial age in the 1950s. According to a previous study in Turkey, microplastics 
contaminated estuary sediments before the 1950s (Beliverm iş et al., 2021).  
In this study, microplastics found in the deep layers are supposed to be from 
microplastic infiltration (Figure 30). Microplastic infiltration, which transports 
microplastics into deeper areas, is affected by various factors, such as microplastic 
properties, soil texture, current flow, and biota disruption (Dong et al., 2022; Guo et 
al., 2022). Accordingly, tidal flat areas are influenced by tides and consist of 
unconsolidated sediments that typically have high porosity (Semeniuk, 2005).  
Thus, in this context, microplastics move inside soil cracks or are transported from 
surfaces to deep layers through leaching or bioturbation (Jia Li et al., 2020). 
Moreover, as mangrove environments have a great diversity of biota, including aerial 
root plants and benthic organisms, microplastics are transported into deeper 
sediment layers by benthic invertebrates (Näkki et al., 2017). Moreover, microplastics 
that contaminate mangrove sediments may be ingested by organisms in this area. 
Many studies revealed that microplastics were found in living organisms in mangrove 
ecosystems (Hamid et al., 2020; Zhang et al., 2021). 
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Figure 30 Graphic showing how bioturbation transports microplastics deep into  
the mangrove environment. 
 
4.5. Conclusion 

Microplastics were more abundant in the CP1 core possibly because of  
the geomorphology of the shoreline area, given that the S1 core is located in  
the Maeklong River mouth area. The microplastic abundance corresponded to  
the sediment size distribution and location related to transportation energy. 
Microplastics were found at a 142 -cm depth and have accumulated in deep 
sediment layers in association with microplastic infiltration and biota distribution.  
The abundance of microplastics increased from the deep toward the surface.  
This trend is expected to rise in the future. Microplastic types in this area were 
implied as due to human activity  - waste from households, daily products,  
and fishing. As mangrove ecosystems are the habitat of diverse species, microplastics 
in these areas may affect living organisms. Thus, microplastic pollution in mangrove 
ecosystems should be a great concern. 
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Abstract 
 The mangrove sediment from the Maeklong River (MK) and the Klong Khon 
canal (KK) revealed the microplastics contamination in  the Maeklong estuary 
environment. Microplastic analysis were analyzed by using ZnCl2 density separation 
and H2O2 digestion process. The average concentrations of microplastic was 580 and 
1690 items kg-1 d.w. in the samples from MK and KK. MK sediment contained more 
coarse grain than KK sediment. The lower microplastic concentration in MK  
was mainly related to the runoff through the sea. In contrast, the abundant 
microplastic in KK was possibly caused by the low transportation energy of sediment 
in  the tidal flat that associated w ith deposition o f fine gra in . In add ition ,  
the microplastics were mainly polyester fiber originating from laundry processes or 
transport from the vicinity. The contamination in mangrove sediment in this study 
may encourage communities and the government to be more aware of waste 
management. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Keywords: Microplastics, Mangrove sediment, Surface sediment, Gulf of Thailand 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.1. Introduction 
Plastic consumption has dramatically increased over the decade (Ritchie & 

Roser, 2018). However, its lightweight, highly persistent , and high resistance  
to degradation make plastic debris a global pollution issue (Barnes et al., 2009). 
PlasticEurope (2021), for example, reported that 4600 million tons of plastic debris 
contaminated the environment from 1950 to 2015. It has been estimated that  
8 million tons of plastic litter are dumped in the marine, approximately 80%  
of marine pollution (Beaumont et al., 2019; Jambeck Jenna et al., 2015). Most plastic 
litter in the ocean is considered produced in Asian countries due to their fast-growing 
plastic market (Ritchie & Roser, 2018; Thevenon et al., 2014).  

Microplastics generally refer to plastic particles smaller than 5 mm to 1 µm 
along their longest dimension; smaller particle <1 µm that are called nanoplastic 
(Crawford & Quinn, 2017). Microplastics are strong hydrophobicity, stable chemical 
com position , la rge specific surface area, and sm all s ize (Yu et al., 2022).  
These properties allow them to be readily ubiquitous by wind and water and 
accumulation in the environments, including remote areas, e.g., the deep sea (Van 
Cauwenberghe et al., 2013), the Tibetan Plateau (Yang et al., 2022), and the Arctic 
sea ice (Peeken et al., 2018). Microplastics can be classified into primary and 
secondary microplastics based on their sources (Akdogan & Guven, 2019; Cole et al., 
2011; Horton et al., 2017). Primary microplastics are tiny microbeads produced  
in the industry for cosmetics and personal care products, e.g., dermal exfoliators and 
cleaning agents (Crawford & Quinn, 2017). Although plastic is highly resistant to 
natural degradation, it can be decomposed by environmental mechanisms, i.e., 
hydrolysis, photo-, thermo-oxidative, and bio-degradations (Webb et al., 2013).  
These processes can disintegrate plastic which eventually becomes smaller than  
5 mm, called secondary microplastics (Akdogan & Guven, 2019; Cole et al., 2011; 
Horton et al., 2017).  

Microplastics have become the emerging pollution issue not only caused of 
their ubiquitous and abundant in the environment but also because they possibly 
affect organisms (Browne et al., 2008). The risks of microplastics through ingestion 
and dermal contact are limited and require further research (Prata et al., 2020). 
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Microplastic pollution is caused by human activities and related to intensity of 
human activity in the area (Matsuguma et al., 2017). Beach with heavy tourism and 
recreational activities had higher levels of plastic debris (Akkajit et al., 2019).  
Although in Thailand, plastic consumption has increased by 7 -8 % per year,  
the microplastic studies in Thailand are paucity, making a lack of information  
on plastic waste management strategy (Apinanwattanakul, 2018; Bissen & Chawchai, 
2020; Marks et al., 2020; Matsuguma et al., 2017; Pradit, Noppradit, et al., 2022; 
Puthcharoen & Leungprasert, 2019; Ta et al., 2020; Thepwilai et al., 2021; Wang et al., 
2020).  

Most of the previous studies of microplastic pollution focused on the ocean 
including beach, water body, sea floor sediment and sea creatures whereas the study 
of microplastic pollution in the mangrove ecosystems that biologically more diverse 
has been infrequently reported (Deng et al., 2020). Mangrove forests are buffers 
between the land and the ocean, specially limited to the tropical and subtropical 
zone. There  is a  hab itat fo r num erous am ph ib ious and m arine an im als .  
The mangrove forests play a significant role as sediment traps involve other particle 
or substance from land- or marine-based activities (Mohamed Nor & Obbard, 2014). 
The Maeklong estuary is one of the abundances of mangrove forests and aquatic 
resources in Thailand. Therefore, this study aims to investigate the microplastic 
contamination in the coastal area of Samut Songkhram Province, a high population 
density area (495/km 2 and the 7th in Thailand) (Department of Provincial 
Administration, 2018).  
 
5.2. Materials and Methods 

5.2.1. Study area 
Samut Songkhram Province is a part of the central plain of Thailand located 

72 km west of Bangkok. The map of the study area has shown in Figure 5.1.  
According to a previous geomorphological study, Samut Songkhram  Province  
is a tidal plain at the mount of the Maeklong River connected to the upper Gulf  
of Thailand (Sinsakul, 2000; Tanabe et al., 2003; Thiramongkol, 1984) . The river 
originates from Tenasserim Hills in Kanchanaburi Province, 200 km northwest  
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of Samut Songkhram Province. It is one of the four major rivers (i.e., Maeklong, Tha 
Chin, Chao Phraya, and Bang Pakong Rivers) discharging into the upper Gulf  
of Thailand. The mean annual runoff of the Maeklong River is 14,246 million m 3,  
the highest river runoff in the central plain of Thailand (Office of the National Water 
Resources, 2021). In Samut Songkhram  Province, the Maeklong tidal plain  
is intersected by a hundred tidal canals and water pathways. 

In this study, the sediment samples were collected from mangrove forests 
along the Maeklong River estuary (MK) and the Klong Khon tidal canal (KK)  
(Figure 31). MK is a transition zone between fluvial and marine processes near the 
Maeklong River mount, including the northeast tidal flat. The Maeklong River flows 
through urban area and industrial area. KK is one of the canals dissecting the tidal 
plain. It is parallel to the Maeklong River and surrounded by mangrove forests and 
the giant tiger prawn farm. In addition, these area was located in a site of recognized 
ecological interest Don Hoi Lot – the Ramsar site (Land Development Department, 
2021). Many studies reported that biota and sediment of the Maeklong estuary  
has been polluted by human activities including trace element heavy metal (Peebua 
et al., 2006; Pengthamkeerati et al., 2013; Worakhunpiset, 2018). 
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Figure 31 The study area shows sampling collection along the Klong Khon tidal canal 
(KK1, KK2, KK3) and the Maeklong River (MK1, MK2, MK3). 
 

5.2.2. Sediment sampling 
Due to dense vegetation in the mangrove forests, we selected three sampling 

points along MK and KK according to accessibility. At each sampling point, three 
surface sediments (0–5 cm from the sediment surface) were collected by stainless 
shovel within a quadrat frame (50x50 cm 2) in September 2020 (Heo et al., 2013; 
Thepwilai et al., 2021). Eighteen samples were packed with alum inum foil, 
transported, and stored in the freezer at the Department of Geology, Chulalongkorn 
University, until further analysis.  

In the laboratory, the subsamples were dried in an oven at 60°C for 48 h.  
We divided the samples into two parts for microplastic and grain size analysis.  
The dried samples were stored in glass desiccator to avoid contamination and 
moisture proof. 
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5.2.3. Particle size analysis 
The dried samples were sieved using a mesh size of 4.75 mm diameter.  

The 1–2 g of prepared samples were then sent to Scientific and Technological 
Research Equipment Center, Chulalongkorn University, for analysis of the grain size 
distribution by laser diffraction technique using a Malvern Mastersizer 3000.   
The particle size of sediment was classified as a specific sedimentology by using 
Wentworth scale (Wentworth, 1922). 

5.2.4. Microplastic analysis 
To avoid any contamination, we used non-plastic laboratory equipment and 

carefully cleaned them with distilled water many times before use. The 50 g of dried 
samples were further analyzed by ZnCl2 density separation  and subsequently H2O2 
digestion. 

Since the density of ZnCl2 is higher than that of plastic, it is frequently 
applied to microplastic extraction. ZnCl2 was more effective in density separation 
than other solution (Coppock et al., 2017). Previous studies improved microplastic 
density separation, ZnCl2 solution could be reused at least five times maintaining  
an efficiency above 95% (Duan et al., 2020; Rodrigues et al., 2020). ZnCl2 solution  
in this study was reused 3-4 times for maintaining great efficiency. 

A solution of ZnCl2 was filtered by a 1.2 µm pore glass microfiber filter  
to remove impurities in the solution before adding to the dried sediment samples.  
The prepared samples were stirred with a magnetic stirrer at 500 rpm for 5 min and 
left to settle for 3 h. Subsequently, the samples were filtered by the 1.2 µm pore 
glass microfiber filter to extract the floating particles. These processes were repeated 
three times. It is well known that Zinc Chloride as a toxic substance to aquatic 
organisms, researchers were trained by Center of Safety, Health and Environment  
of Chulalongkorn University (SHECU) and ZnCl2 waste and other toxic substance from 
lab were sent to Center of Excellence on Hazardous Substance Management (HSM) 
for proper hazardous waste disposal. 

After the ZnCl2 density separation, the H2O2 digestion method was introduced 
to exclude organic matter from the m icroplastics. The extracted materials  
were rinsed with a 30% H2O2 and heated at 70°C for 3 h. Afterward, a 30% H 2O2 
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solution was added and left overnight to remove all organic matters. The 1.2 µm 
pore glass microfiber filter filtered an aliquot of each treated subsample. The sample 
left on the filter was counted and identified under a light binocular microscope. 
According to laboratory tool, lower size lim it of m icroplastic that examined  
in this study was 100 µm. 

Primary check and identification of microplastic under microscope was tested 
by hot needle technique (De Witte et al., 2014) and inspected feature including  
non-cellular structure, equally thick especially in fiber, homogeneous texture 
(H idalgo -Ruz et a l., 2012). Then , we se lected fo rty sam ples, wh ich were 
representative of each microplastic group. These selected were further analyzed  
by micro-Fourier transform infrared spectroscopy (µ -FTIR) LUMOS II at the Center  
of Excellence in Environmental Engineering, Faculty of Engineer, Chulalongkorn 
University, to understand their chemical composition.   
 
5.3. Results 

5.3.1. Sediment grain size and analysis 
Eighteen samples from MK and KK were analyzed for their grain size 

distribution using laser d iffraction. The samples from  MK were com posed  
of approximately 50–25%, 60–40%, and less than 10% of the sand, silt, and clay 
fractions, respectively (Figure 32). In contrast, the sand content became remarkably 
decreased or undeterminable in the samples from KK. The grain size analysis 
demonstrated that the sediment samples collected from KK are generally composed 
of 70 and 30% of silt and clay fractions (Figure 32). A 5% of sand-fraction was found 
in sample no. KK3 (Figure 32).  
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Figure 32 Grain size distribution of the surface sediments from the Maeklong River 
(MK) and the Klong Khon tidal canal (KK). 
 

5.3.2. Microplastic concentration 
Microplastics were found in all the samples obtained from MK and KK,  

which were 580 and 1690 items kg -1 on average, respectively (Tables  4-5).  
The microplastic concentration was comparable to 470 items kg -1 dry weight (d.w.)  
in the sample no. MK1 and MK2 (Figure 33). They significantly increased and reached 
800 items kg-1 d.w. in sample no. MK3 (Figure 33). The microplastic concentrations 
were approximately 2000, 1800, and 1240 items kg -1 d.w. in the samples no. KK1, 
KK2, and KK3, respectively (Figure 33). 
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Figure 33 Abundance of microplastic in each sampling site (MK: the Maeklong River;  
KK: the Klong Khon tidal canal). 
 

5.3.3. Physical characteristics of microplastics 
The physical characteristics of microplastic, i.e., their size, color, and shape, 

were identified under a light binocular microscope. An example of microplastic image 
obtained with the microscope is shown in Figure 34. 

Microplastic sizes 1.0–5.0 mm were the most prevailing in the samples from 
MK that was 53%, and sizes 0.1–1.0 mm at 47%. The color of microplastic is black 
(43%), colorless (22%), and others (35%). The fiber was the most abundant 
microplastic, comprised of approximately 73%, followed by fragm ents at 20%  
(Figure 35). The plate and stick shapes were meager at less than 10%. However,  
the foam was undeterminable in the samples from MK (Figure 35).  

In the samples from KK, the size 0.1–1 mm was 70% and a dominant 
proportion, whereas the size 1–5 mm was approximately 20%. Most of these 
samples were colorless (45%) and purple (24%). The samples from KK mainly 
consisted of fiber, which was approximately 86%. The plate, foam, and stick fractions 
were found at 6.3, 3.3, and 4.4%, respectively (Figure 35). 
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Figure 34 Example of m icroplastic from  this study expressing their im age  
microscope and FTIR spectra. 
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Figure 35 Shape of microplastic in the mangrove sediments from the Maeklong River 
(MK) and the Klong Khon tidal canal (KK). 
 

5.3.4. Chemical compositions of the microplastics 
The samples were classified into five groups based on their shapes, i.e., fiber, 

foam pellet, plate, stick, and fragment (shapeless). Particle samples have been 
chosen by their characteristics; shape, color, and size to be a representative of  
the group. The µ-FTIR analysis further analyzed 40 samples in total, representative 
samples of each group, to identify the chemical composition of the microplastics. 
The example of spectra from FTIR analysis has shown in Figure 34. There were  
28 samples from MK consisting of 13, 12, 2, and 1 sample of fiber, fragment, plate, 
and stick shapes, respectively. The samples from KK were 7, 4, and 1 sample of fiber, 
fragment, and foam, totaling 12 samples. However, among 40 samples, 13 samples 
were non-plastic or undeterminable by µ-FTIR analysis. Consequently, the particle 
that had sim ilar characteristics to  non -plastic o r undeterm inable ob ject  
were deducted from the total number. The polymer frequently found in these 
sam ples w e re  po lyca rbonate  (PC ), po lye thy lene  (PE ), po ly este r (PES ),  
and polypropylene (PP) (Figure 36).  
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The fiber obtained from MK was mainly PES (45%), followed by PP (22%) 
(Figure 36). Each PC, olefin, and rayon was found in only 1 sample. The fragment 
from MK was comparable to 29% of PC, PE, and PP (Figure 36). The plate and stick 
samples were polyvinyl chloride (PVC) and olefin. PES was 50% and the most 
predominant polymer in the fiber from KK (Figure 36). The other fiber samples were 
PE, polyethylene terephthalate (PET), and combined rayon, nylon, and PE S.  
The fragment and foam samples were PP and polyvinyl acetate.  
 
5.4. Discussion 

The trend of microplastic abundance in MK declined in relation to distance 
from the sea. On the other hand, microplastic abundance in KK increased with 
distance from headwater (F igure 33). MK area with a high population density  
was lower microplastic abundance than KK area. Anthropogenic and environmental 
factors affected on the varies of microplastic abundance. Especially, environmental 
fac to rs  (geo graphy , h yd rodynam ic , en v ironm en t) p la y  s ign ifican t ro le  
in the accumulation of microplastics (Hamid et al., 2018). In this study, environmental 
factor may significantly affect the microplastic deposition. Microplastics consisting of 
clay fractions were significantly more abundant in the samples from the KK than  
in the MK (Figures 32). This correspondence could be explained by the similarity  
of microplastics and fine sediments dispersion (Harris, 2020; Lo et al., 2018; Mendes 
et al., 2021). The low transportation energy in the KK tidal plain allowed for a higher 
sink of clay-sized sediments and microplastics. At KK1 station that surrounded  
by flat plain with abundantly mangrove forest tended to be a most suitable area  
for finer grain and microplastic deposition. In contrast, the runoff and marine 
processes near the Maeklong River mount prohibited the microplastic deposition in 
the MK estuary. Especially, MK1 and MK2 station located at river mouth that 
microplastic concentration have been lower than other station. Semi–log graph has 
shown in Figure 37 that used for demonstrating the result from this study. Log–scale 
on y–axis has covered a large range of sediment grainsize. This explanation  
is supported by a reverse relationship between grain size d istribution and 
microplastic concentration. The association demonstrated that high microplastic 
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concentration is related to fine sediments (Figure 37). The results from site MK3  
may not fit with the general pattern, possibly caused by the site located near village 
area (Figure 31). 

 
Figure 36 Major chemical composition of fiber and fragment microplastic from  
the Maeklong River (MK) and the Klong Khon tidal canal (KK). 
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Figure 37 A semi-log plot comparing between abundance of microplastics and  
mean grain size. 
 

The samples were collected in the mangrove forests, a complex plant 
community fringing the tropical coastal shore. The dense vegetation in mangrove 
forests reduces the transportation energy of tidal flow, wave height, and induced 
sedimentation. Consequently, mangrove forests were potentially trapping and sinking 
microplastic (Martin et al., 2019; Martin et al., 2020). The studies on abundance  
and characteristics of MPs in mangrove sediment found in Asia zone including 
Singapore, China, Indonesia, and Thailand has shown in Table 4. The studies on 
m icroplastic contam ination in sediment in Thailand has shown in Table  5,  
the microplastic concentration in MK and KK are significantly higher than the 
sediments from other coastal areas, i.e., Tapi-Phumduang River, Bandon Bay, Bang Yai 
estuary, and the Gulf of Thailand (Chinfak et al., 2021; Jiwarungrueangkul et al., 2021; 
Wang et al., 2020). However, the maximum number of microplastic in mangrove in 
this study was much lower than tourists’ beach that reported in Thailand (Bissen & 
Chawchai, 2020; Thepwilai et al., 2021) and they also became lower than Futian and 
Pearl River estuary, China, which is an estuary environment  (R. Li et al., 2020; Zuo et 
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al., 2020). Other studies were classified a microplastic size below 50 µm (R. Li et al., 
2020; Mohamed Nor & Obbard, 2014; Zuo et al., 2020) but the cut-off of microplastic 
size that examined in this study was 100 µm. According to the lim itation of 
microplastic examination under microscope, the total number in this study may be 
lower than the real number in environment. The microplastic concentration  
has been generally considered to be varied according to the population density (Zuo 
et al., 2020). Therefore, the less contamination of microplastic in this study  
was possibly caused by three times lower population density along the Maeklong 
River than that along the Pearl River (Department of Provincial Administration, 2018; 
Guangdong Statistics Bureau, 2018). The location that near to the major source of 
microplastics, for examples, industrial outputs, wastewater treatment plants and 
densely populated urban areas, tends to accumulated high loads of microplastics 
(Idrus et al., 2022). However, since the population density in Samut Songkhram 
Province is significantly lower than that in Jakarta, Indonesia, and Singapore, the other 
factors possibly play a role in the microplastic accumulation.     
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The most prevalent color of microplastic in MK is black, following colorless 
and others. In contrast, a black color was not found in KK, whereas a colorless and 
purple were generally found. The color can be indicating a significant source of 
microplastic. For example, transparent/white was prevalent color in beach sediment 
in eastern Gulf of Thailand but the prevalent color in western Gulf of Thailand  
was black (Bissen & Chawchai, 2020; Thepwilai et al., 2021). Each area may find  
a different prominent color depending on the source in those area. 

The microplastic size <1 mm was mostly found in mangrove sediments  
in Asia: Singapore (Mohamed Nor & Obbard, 2014), Indonesia (Cordova et al., 2021),  
and China (R. Li et al., 2020) and also in KK area. Whereas microplastic size ranging 
from 0.1–1.0 mm and 1.0–5.0 mm were equally found in MK. Small microplastics  
 (<1 mm) were prominent in sediment along the Gulf of Thailand (Bissen & Chawchai, 
2020; Chinfak et al., 2021; Thepwilai et al., 2021). Whatever, all of microplastic size 
were found in digestive system and soft tissues of marine organism (Azad et al., 2018; 
Chinfak et al., 2021). Its smaller size m icroplastic tends to more difficult to 
investigate.  

The predominance of fiber microplastic in KK and MK corresponds well with 
the other studies, e.g., Singapore (Mohamed Nor & Obbard, 2014), Futian ,  
and the Pearl River, China (R. Li et al., 2020; Zuo et al., 2020), the Gulf of Thailand 
(Wang et al., 2020), the Tapi-Phumduang River (Chinfak et al., 2021), and Bandon Bay 
(Chinfak et al., 2021) (Tables 4 and 5).While foam and plat microplastic was abundant 
in the Muara Angke River, Indonesia (Cordova et al., 2021), and the western part of 
the Gulf of Thailand (Thepwilai et al., 2021).  

 According to Tables 4 and 5, microplastic chemical compositions vary  
and are possibly associated with nearby or adjacent human activities of their 
provenance. The prevalent polymers in China and Singapore were PP (R. Li et al., 
2020; Mohamed Nor & Obbard, 2014; Zuo et al., 2020). While rayon was the most 
abundant polymers along the Gulf of Thailand (Chinfak et al., 2021; Wang et al., 
2020). Since the most plastic consumption in Thailand is packaging and fishery  
is the most prominent in Samut Songkhram  Province, PE and PP were initially 
presumed to be the most dominant microplastics (Mohamed Nor & Obbard, 2014). 
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However, although the textile industry is unavailable in the study area, PES fiber  
is the most dominant microplastic in the study area (Figure 36). To increase reliability 
in a qualitative information in further research, determining more FTIR analysis 
sample may be shown the variety of polymer type of microplastic that close to the 
current proportion in environment. Many studies found that the provenance of PES 
fiber in the environment was mainly from sewage in the laundering process, 
especially from the washing machine (Browne et al., 2011; Hernandez et al., 2017; 
Napper & Thompson, 2016). However, the synthetic fiber was possibly transported 
from other areas since it was discussed to contaminated shores on a global scale 
(Browne et al., 2011). Moreover, ropes and nets in aquaculture can release 
microplastic fragment and fiber into the environment (Montarsolo et al., 2018).  
The synthetic particle are ubiquitous and persistent in the food chain, allowing them  
to link to the health effect on the people in Samut Songkhram  Province and  
the other part of Thailand. 
 
5.5. Conclusion 

To investigate the m icroplastic contam ination in the coastal area of  
Samut Songkhram Province, we collected sediment samples from mangrove forests 
along the Maeklong River estuary (MK) and nearby the Klong Khon tidal canal (KK). 
Microplastics were extracted and analyzed for their physical and chemical properties. 
Microplastic concentrations were 580 and 1690 items kg -1 d.w. in the samples from 
MK and KK. Microplastics were more abundant in the samples from KK, possibly 
caused by their geomorphology of tidal flat, than from MK. Microplastic abundance 
was directly proportional to the sediment size distribution related to transportation 
energy. Moreover, the microplastic concentration collected from the mangrove area 
was significantly higher than that from the other coastal area in Thailand. The most 
prom inent m icroplastic in the coastal area in Samut Songkhram  Province  
was polyester fibers, possibly from either sewage in the laundering process  
or transportation from the vicinity. These results demonstrated a high abundance  
of microplastics hint the communities, and the government necessitated being more 
aware of plastic waste management in the mangrove area. Microplastic may ingest  
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by the estuarine biota that lived in polluted area and finally migrate to human body 
by trophic transfer. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER 6  
CONCLUSION AND RECOMMENDATION 

 
6.1. Conclusion 

The objectives of this research are (1) to investigate the contamination  
of m icroplastics in mangrove sediments at the Mae klong River mouth and  
(2) to identify polymer type of microplastics that is found in mangrove sediments  
at the Maeklong River mouth. Sediments were represented sediment deposition  
at that time, during the wet season and high water levels.  Sediments including 
surface and core samples that were collected from mangrove ecosystem in  
the Maeklong River mouth area abundantly contaminated with microplastics.  
The number, shape, and polymer types of microplastics from surface sediment 
samples were identified. Accordingly, the conclusion of this study has been 
separated into two parts as follows: 

6.1.1.  Part I: Microplastics in surface sediment 
The result showed that the average microplastic density in mangrove 

ecosystem in this study was higher than other countries in southeast Asia such as 
Singapore and Indonesia. The data from the Maeklong River cooperating with  
the data from Klong Khon tidal canal was analyzed together. The correlation 
between an average microplastics abundance and sediment grain size  suggests  
an increasing grain size of sediment link to the lower number of plastic depositions. 
Because of the location of Klong Khon tidal canal that proper for fine sediment and 
also  o the r partic le , m icrop lastics abundance in  K long Khon  tidal c ana l  
was higher than the Maeklong River. FTIR analysis revealed that many polymer types 
of microplastics found in this area: PES, PC, PE, PP, and others. Polyester fiber  
was the most abundant microplastics in this study area. 

6.1.2.  Part II: Microplastics in core sediment 
A 142-cm long sediment core from a mangrove area at the Queen Sirikit Park 

(CP1) revealed that sediment favorable accumulated with microplastics because  
at bottom depth of sediment core was still found m icroplastics. The trend  
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of the number of microplastics in core sediment assumed with the plastic production 
from past to nowadays tends to grow in the same direction. The microplastics 
abundance was significantly related to the grain size. There was a statistically 
significant difference in location between CP1 site and the Maeklong River mouth (S1) 
site. Many factors including location and grain size affected the microplastics 
accumulation in sediment. Microfiber was the most prevalent shape that found  
in core profile. According to microplastics accumulation in deep layer, this could be 
due to reason that (1) gathering with sediment from the past or (2) transporting  
by bioturbation process. In addition, m icroparticle that also polluted the 
environment found in the sediment sample such as tire rubber, pigment, flame 
retardant. 

6.1.3.  Overall situation 
From the result of this study, microplastics abundance related to grain size of 

sediment as well as microplastics abundance had significant correlated to sediment 
size. Moreover, the location that is suitable for sediment accumulation is associated 
with transportation energy. M icroplastics fibers, also known as m icrofibers, 
numerically dominate in this study. 73% of microplastics from the surface sample 
and 91% of microplastics from the core sample were fiber. The polymer type 
analysis demonstrated that polyester is the prevalent type of plastic. In addition,  
the dominant shape – fiber has belonged to polyester, rayon, nylon, and spandex 
which refer to the source of plastic generating microplastics in the environment  
such as the washing process. 
 
6.2. Recommendation 

6.2.1. Sample properties 
FTIR analysis is limited by sample properties (thickness, transparency, coating, 

etc.). Especially, fiber shape was sometimes difficult to investigate under FTIR analysis 
due to small width part. Having a large number of samples allows researchers  
to repeat an experiment. The greater number of samples, the greater the precision  
of results will be. 
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6.2.2. Microfiber 
Due to the fact that fiber was the most prevalent microplastics found in 

mangrove sediment, human activity such as washing process and aquaculture may 
be sources of contamination in the environment. Untreated sewage or sewage 
without proper treatment was discharged into rivers and coast thus government 
should be concerned about wastewater management. Micro-filtration and proper 
disposal may reduce the amount of unintentionally released microplastics into  
the environment. 
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APPENDICES 
 
APPENDIX A - LOCATIONS 
 
Table 6 Surface locations of MK and KK  

Surface 
sample name 

Latitude Longitude 
UTM (WGS) 47P 

X Y 

MK-1 13.37820818 100.03681085 612266 1479196 
MK-2 13.36758057 100.00424313 608744 1478006 
MK-3 13.38097933 99.98825811 607007 1479481 
KK-1 13.32672400 99.97608100 605712 1473475 
KK-2 13.34140300 99.95117300 603008 1475088 
KK-3 13.34908900 99.93859000 601642 1475933 

 
Table 7 Core locations of MK1 and S1 

Core sample 
name 

Latitude Longitude 
UTM (WGS) 

X Y 
MK1 13.37820818 100.03681085 612266 1479196 
S1 13.36337900 100.01618400 610039 1477546 
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APPENDIX B - STRATIGRAPHIC COLUMN 
 

 
 
Figure 38 Stratigraphic column of CP1 and S1 
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APPENDIX C - LOSS ON IGNITION 
 
Table 8 Loss on ignition data of CP1 

Sample 
No. 

Depth (cm)  
below the surface 

DW105 DW550 LOI550 

#1 1-2 23.079 23.028 8.600 
#3 3-4 23.587 23.549 7.379 
#5 5-6 22.547 22.464 7.764 
#7 7-8 25.595 25.534 8.379 
#9 9-10 23.447 23.395 11.207 
#11 11-12 24.912 24.847 7.956 
#13 13-14 23.036 22.980 6.804 
#15 15-16 26.148 26.091 8.028 
#17 17-18 25.996 25.930 15.172 
#19 19-20 23.836 23.784 7.750 
#21 21-22 23.949 23.903 8.156 
#23 23-24 26.149 26.087 6.710 
#25 25-26 23.235 23.168 7.605 
#27 27-28 22.494 22.434 8.487 
#29 29-30 26.563 26.485 11.001 
#31 31-32 25.160 25.095 6.385 
#33 33-34 23.880 23.826 5.299 
#35 35-36 25.576 25.548 4.000 
#37 37-38 22.595 22.528 8.365 
#39 39-40 22.908 22.847 7.722 
#41 41-42 26.132 26.068 6.830 
#43 43-44 24.735 24.684 6.050 
#45 45-46 23.820 23.770 4.608 
#47 47-48 24.124 24.069 5.506 
#49 49-50 24.562 24.513 5.568 
#51 51-52 24.757 24.701 4.188 
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Sample 
No. 

Depth (cm)  
below the surface 

DW105 DW550 LOI550 

#53 53-54 24.177 24.123 5.643 
#55 55-56 26.343 26.277 4.922 
#57 57-58 23.629 23.577 5.113 
#59 59-60 25.889 25.836 5.730 
#61 61-62 25.301 25.235 5.651 
#63 63-64 24.412 24.341 5.487 
#65 65-66 22.989 22.929 5.484 
#67 67-68 27.573 27.502 4.890 
#69 69-70 24.196 24.144 4.896 
#71 71-72 24.851 24.792 4.731 
#73 73-74 26.065 26.009 5.157 
#75 75-76 24.358 24.296 5.586 
#77 77-78 26.519 26.453 5.419 
#79 79-80 26.762 26.689 5.892 
#81 81-82 24.060 24.011 4.702 
#83 83-84 24.419 24.364 4.493 
#85 85-86 25.130 25.071 5.700 
#87 87-88 26.128 26.063 4.844 
#89 89-90 24.143 24.094 4.871 
#91 91-92 24.226 24.171 5.102 
#93 93-94 26.855 26.802 4.281 
#95 95-96 24.696 24.647 4.712 
#97 97-98 25.831 25.776 4.850 
#99 99-100 25.311 25.229 6.231 
#101 101-102 26.196 26.133 4.532 
#103 103-104 26.880 26.800 5.118 
#105 105-106 24.591 24.513 5.536 
#107 107-108 24.655 24.574 4.784 
#109 109-110 25.384 25.299 3.763 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 96 

Sample 
No. 

Depth (cm)  
below the surface 

DW105 DW550 LOI550 

#111 111-112 25.183 25.136 2.605 
#113 113-114 26.263 26.174 4.064 
#115 115-116 25.715 25.639 3.600 
#117 117-118 26.182 26.108 3.826 
#119 119-120 27.146 27.055 3.417 
#121 121-122 25.638 25.554 4.183 
#123 123-124 25.074 25.016 3.176 
#125 125-126 27.501 27.413 4.814 
#127 127-128 26.634 26.563 4.356 
#129 129-130 24.992 24.909 4.474 
#131 131-132 25.223 25.135 4.883 
#133 133-134 25.498 25.402 4.066 
#135 135-136 26.435 26.337 4.197 
#137 137-138 27.334 27.238 5.418 
#139 139-140 24.071 23.986 3.926 

 
Table 9 Loss on ignition data of S1 

Sample 
No. 

Depth (cm)  
below the surface 

DW105 DW550 LOI550 

#2 1-2 25.470 25.408 7.990 
#4 3-4 22.736 22.653 6.598 
#6 5-6 24.633 24.542 6.449 
#8 7-8 22.661 22.605 6.385 
#10 9-10 23.304 23.248 8.421 
#12 11-12 23.040 22.990 7.657 
#14 13-14 22.411 22.347 8.926 
#16 15-16 24.617 24.530 7.067 
#18 17-18 23.908 23.832 7.623 
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Sample 
No. 

Depth (cm)  
below the surface 

DW105 DW550 LOI550 

#20 19-20 25.657 25.528 7.057 
#22 21-22 27.271 27.176 6.700 
#24 23-24 23.582 23.488 7.402 
#26 25-26 25.169 25.048 7.620 
#28 27-28 27.101 26.999 7.424 
#30 29-30 24.005 23.935 5.410 
#32 31-32 25.416 25.326 6.267 
#34 33-34 23.514 23.428 7.783 
#36 35-36 23.531 23.472 7.421 
#38 37-38 26.191 26.098 6.638 
#40 39-40 23.280 23.186 11.520 
#42 41-42 24.219 24.122 7.835 
#44 43-44 26.457 26.379 7.558 
#46 45-46 24.063 23.996 7.478 
#48 47-48 23.860 23.757 18.934 
#50 49-50 23.392 23.312 7.707 
#52 51-52 25.421 25.330 7.132 
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APPENDIX D - GRAIN SIZE DISTRIBUTION DATA 
 
Table 10 Grain size distribution data of surface sediment sample 

Area Station 
grain size 

(µm)  
result 

Clay 
(%) 

Silt 
(%) 

Sand 
(%) 

Mae 
klong 

MK-1 84.8 very fine sand 11.8 48.66 39.53 
MK-2 82.3 very fine sand 12.86 50.82 36.3 
MK-3 76 very fine sand 16.39 46.96 36.63 

Klong 
Khon 

KK-1 86.7 very fine sand 14.17 41.88 43.95 
KK-2 72.6 very fine sand 17.51 47.92 34.61 
KK-3 72.1 very fine sand 16.73 49.07 34.2 

 
Table 11 Grain size distribution data of CP1 core 

Sample 
No. 

Depth 
(cm) 

below the 
surface 

grain size 
(µm)  

result 
Clay 
(%) 

Silt 
(%) 

Sand 
(%) 

#1 5 84.8 very fine sand 11.8 48.66 39.53 
#2 10 82.3 very fine sand 12.86 50.82 36.3 
#3 15 76 very fine sand 16.39 46.96 36.63 
#4 20 86.7 very fine sand 14.17 41.88 43.95 
#5 25 72.6 very fine sand 17.51 47.92 34.61 
#6 30 72.1 very fine sand 16.73 49.07 34.2 
#7 31 87.9 very fine sand 14.34 42.18 43.48 
#8 33 166 fine sand 4.83 19.29 75.88 
#9 35 128 fine sand 10.8 32.68 56.54 
#10 37 99.7 very fine sand 12.56 37.26 50.19 
#11 40 73 very fine sand 19.73 43.35 36.91 
#12 42 133 fine sand 16.75 39.13 44.13 
#13 45 38.9 very coarse silt 20.87 60.17 18.95 
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Sample 
No. 

Depth 
(cm) 

below the 
surface 

grain size 
(µm)  

result 
Clay 
(%) 

Silt 
(%) 

Sand 
(%) 

#14 50 47.6 very coarse silt 18.12 58.02 23.86 
#15 55 38.7 very coarse silt 20.2 57.67 22.11 
#16 60 53.8 very coarse silt 17.15 55.48 27.33 
#17 63 60.6 very coarse silt 14.52 58.06 27.4 
#18 65 49.3 very coarse silt 16.88 59.33 23.82 
#19 70 50.1 very coarse silt 16.99 59.07 23.99 
#20 80 68.1 very fine sand 19.21 48.89 31.91 
#21 90 81.5 very fine sand 14.07 46.2 39.73 
#22 100 95.4 very fine sand 16.14 37.5 46.34 
#23 110 106 very fine sand 15.86 30.13 53.99 
#24 115 106 very fine sand 15.43 30.25 54.31 
#25 120 121 very fine sand 11.48 26.96 61.57 
#26 125 127 very fine sand 10.59 25.24 64.17 
#27 130 90.5 very fine sand 14.92 36.36 48.74 
#28 135 133 fine sand 10.08 23.96 65.97 
#29 140 101 very fine sand 12.95 30.83 56.22 

 
Table 12 Grain size distribution data of S1 core 

Sample 
No. 

Depth 
(cm) 

below the 
surface 

grain size 
(µm)  

result 
Clay 
(%) 

Silt 
(%) 

Sand 
(%) 

#1 5 21.4 coarse silt 23.86 69.36 6.77 
#2 10 38.8 very coarse silt 16.2 65 18.78 
#3 15 35.9 very coarse silt 17.65 65.15 17.18 
#4 20 43.3 very coarse silt 21.42 56 22.57 
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Sample 
No. 

Depth 
(cm) 

below the 
surface 

grain size 
(µm)  

result 
Clay 
(%) 

Silt 
(%) 

Sand 
(%) 

#5 25 65.7 very fine sand 16.91 42.82 40.25 
#6 30 33.2 very coarse silt 16.76 69.37 13.88 
#7 31 34.8 very coarse silt 17.57 66.43 16.01 
#8 33 32.1 very coarse silt 16.96 70.16 12.87 
#9 35 42.5 very coarse silt 22.87 55.47 21.68 
#10 37 38.2 very coarse silt 22.99 59.41 17.57 
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APPENDIX E - MICROPLASTIC DISTRIBUTION DATA 
 
E.1. Microplastic distribution of sediment sample 
Table 13 Microplastic distribution of surface sediment  

Area Station 
Abundance 

(items) 
Abundance 

(items/kg. dry wt.) 
Average  

(items/kg. dry wt.) 

Maeklong 

MK1 13 260 
473.33 MK1 39 780 

MK1 19 380 

MK2 31 620 
466.67 MK2 25 500 

MK2 14 280 
MK3 42 840 

800.00 MK3 44 880 
MK3 34 680 

Klong Khon 

KK1 90 1800 
1933.33 KK1 96 1920 

KK1 113 2260 
KK2 119 2380 

1826.67 KK2 90 1800 
KK2 65 1300 

KK3 62 1240 

1240.00 KK3 51 1020 
KK3 73 1460 
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Table  14 Microplastic distribution of core sediment  

Depth 
(cm) below 
the surface 

Station CP1 Station S1 
Abundance 

(items) 
Abundance 

(items/kg. dry wt.) 
Abundance 

(items) 
Abundance 

(items/kg. dry wt.) 
1 16 3200 4 800 
2 10 2000 4 800 
3 17 3400 1 200 
4 11 2200 3 600 
5 4 800 2 400 
6 6 1200 1 200 
7 10 2000 - - 
8 10 2000 3 600 
9 3 600 3 600 
10 6 1200 3 600 
11 10 2000 4 800 
12 18 3600 1 200 
13 26 5200 1 200 
14 10 2000 3 600 
15 5 1000 4 800 
16 6 1200 1 200 
17 12 2400 2 400 
18 4 800 1 200 
19 5 1000 3 600 
20 12 2400 3 600 
21 6 1200 1 200 
22 6 1200 7 1400 
23 5 1000 - - 
24 5 1000 1 200 
25 5 1000 2 400 
26 7 1400 2 400 
27 6 1200 - - 
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Depth 
(cm) below 
the surface 

Station CP1 Station S1 

Abundance 
(items) 

Abundance 
(items/kg. dry wt.) 

Abundance 
(items) 

Abundance 
(items/kg. dry wt.) 

28 8 1600 3 600 
29 8 1600 1 200 
30 4 800 5 1000 
31 11 2200 - - 
32 6 1200 2 400 
33 6 1200 3 600 
34 4 800 5 1000 
35 7 1400 1 200 
36 2 400 2 400 
37 7 1400 1 200 
38 6 1200 2 400 
39 7 1400 5 1000 
40 3 600 4 800 
41 6 1200 - - 
42 4 800 2 400 
43 3 600 - - 
44 4 800 1 200 
45 6 1200 1 200 
46 7 1400 2 400 
47 2 400 5 1000 
48 6 1200 1 200 
49 4 800 1 200 
50 6 1200 1 200 
51 5 1000 1 200 
52 4 800 - - 
53 3 600 

 54 2 400 
55 4 800 
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Depth 
(cm) below 
the surface 

Station CP1 Station S1 

Abundance 
(items) 

Abundance 
(items/kg. dry wt.) 

Abundance 
(items) 

Abundance 
(items/kg. dry wt.) 

56 7 1400 
57 7 1400 
58 8 1600 
59 8 1600 
60 10 2000 
61 9 1800 
62 5 1000 
63 3 600 
64 11 2200 
65 4 800 
66 8 1600 
67 6 1200 
68 6 1200 
69 3 600 
70 3 600 
71 6 1200 
72 4 800 
73 5 1000 
74 4 800 
75 6 1200 
76 3 600 
77 10 2000 
78 8 1600 
79 5 1000 
80 4 800 
81 5 1000 
82 6 1200 
83 4 800 
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Depth 
(cm) below 
the surface 

Station CP1 Station S1 

Abundance 
(items) 

Abundance 
(items/kg. dry wt.) 

Abundance 
(items) 

Abundance 
(items/kg. dry wt.) 

84 5 1000 
85 14 2800 
86 6 1200 
87 4 800 
88 4 800 
89 8 1600 
90 6 1200 
91 3 600 
92 1 200 
93 3 600 
94 3 600 
95 2 400 
96 1 200 
97 2 400 
98 3 600 
99 3 600 
100 4 800 
101 3 600 
102 - - 
103 - - 
104 2 400 
105 4 800 
106 - - 
107 2 400 
108 8 1600 
109 8 1600 
110 4 800 
111 3 600 
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Depth 
(cm) below 
the surface 

Station CP1 Station S1 

Abundance 
(items) 

Abundance 
(items/kg. dry wt.) 

Abundance 
(items) 

Abundance 
(items/kg. dry wt.) 

112 5 1000 
113 2 400 
114 5 1000 
115 2 400 
116 3 600 
117 5 1000 
118 10 2000 
119 6 1200 
120 6 1200 
121 2 400 
122 14 2800 
123 6 1200 
124 5 1000 
125 3 600 
126 2 400 
127 2 400 
128 1 200 
129 1 200 
130 1 200 
131 2 400 
132 3 600 
133 1 200 
134 4 800 
135 1 200 
136 6 1200 
137 2 400 
138 1 200 
139 1 200 
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Depth 
(cm) below 
the surface 

Station CP1 Station S1 

Abundance 
(items) 

Abundance 
(items/kg. dry wt.) 

Abundance 
(items) 

Abundance 
(items/kg. dry wt.) 

140 4 800 
141 7 1400 
142 4 800 

mean 5.37 1074.48 2.13 426.92 

 
E.2. Microplastic distribution sort by size 
Table 15 Microplastic distribution of surface sediment 

Area Station <0.1 mm 0.1-1.0 mm 1.0-5.0 mm 

Maeklong 

MK1 - 8 6 
MK1 - 22 17 
MK1 - 9 10 
MK2 - 16 15 
MK2 - 11 15 
MK2 - 8 5 
MK3 - 18 28 
MK3 - 18 29 
MK3 - 12 22 

Klong Khon 

KK1 - 62 28 
KK1 2 67 32 
KK1 - 82 31 
KK2 - 89 30 
KK2 - 64 26 
KK2 - 48 17 
KK3 - 36 27 
KK3 - 39 13 
KK3 - 53 23 
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Table 16 Microplastic distribution of core sediment 

Area Station <0.1 mm 0.1-1.0 mm 1.0-5.0 mm 

Maeklong 
CP1 - 292 485 
S1 - 49 60 

 
E.3. Microplastic distribution sort by shape and color 
Table 17 Microplastic distribution of Maeklong surface sediment sort by shape and 
color 

No. Shape Color 
Station MK1 Station MK2 Station MK3 

Sum 
1.1 1.2 1.3 2.1 2.2 2.3 3.1 3.2 3.3 

1 fiber black 5 11 7 11 11 2 16 14 12 89 
2 fiber transparent - 4 5 2 2 4 4 13 7 41 
3 fiber green 2 3 1 1 - -  5 6 2 20 
4 fiber clear green - 3 2  - 2 2 1 3 2 15 
5 fiber red - 3 -  - 1 - 2 1 1 8 
6 fiber clear red - - -  - - 1 3 1 - 5 

7 fiber 
opaque 
white 

- - -  - - -  - 1 4 5 

8 fiber white 1 - - 2 - -  1 - - 4 
9 fiber purple - - - 1 1 - - - - 2 

10 fiber 
clear 

orange 
 -  -  -  - 1 1  - - -  2 

11 fragment black 1 11 - 8 1 - - 1 - 22 
12 fragment transparent 1 3 1 - - 2 1 1 2 11 
13 fragment white - - - 2 - - 1 1 - 4 

14 fragment 
opaque 
white 

- - 1 1 - - 2 - 1 5 

15 fragment 
clear 

orange 
- - - -  - 1 3 - 1 5 

16 fragment clear green - - 1 - - 1 - - 1 3 
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No. Shape Color 
Station MK1 Station MK2 Station MK3 

Sum 
1.1 1.2 1.3 2.1 2.2 2.3 3.1 3.2 3.3 

17 fragment brown - - - -  -  - 1 - - 1 
19 stick white - - - - -  - 1 1 - 2 

20 stick 
opaque 
white 

- - - - -  - 1 - - 1 

21 stick clear red - - - - -  - - - 1 1 
22 stick black  - 1  - -  -  - -  -  - 1 
23 plate transparent 3  - 1 - 1 - -   -  - 5 

24 plate 
opaque 
white 

 - -  - - 2 - - - - 2 

25 plate white  - -  - 3 2 - -  1 - 6 

26 plate 
clear 

orange 
 -  -  - - 1 - - -  - 1 

 sum 11 13 39 19 31 25 14 42 44 34 261 

 
Table 18 Microplastic distribution of Klong Khon surface sediment sort by shape and 
color 

No. Shape Color 
Station KK1 Station KK2 Station KK3 Sum 

1.1 1.2 1.3 2.1 2.2 2.3 3.1 3.2 3.3  

1 fiber transparent 50 45 58 39 37 20 27 24 25 325 
2 fiber purple 12 16 16 28 19 6 12 10 22 141 

3 fiber 
clear 

purple 
5 7 8 2 1 3 3 2 6 37 

4 fiber blue 3 6 12 9 - 3 4 - 1 38 
5 fiber clear blue 7 3 2 10 6 2 5 2 2 39 
6 fiber red 1 3 3 3 1 - 3 - - 14 
7 fiber clear red 2 1 6 4 4 1 4 - - 22 
8 fiber green - -  1 1 4 - - 2 1 9 

9 plate white 4 7 1 4 2 2 2 6 2 30 
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No. Shape Color 
Station KK1 Station KK2 Station KK3 Sum 

1.1 1.2 1.3 2.1 2.2 2.3 3.1 3.2 3.3  

10 plate green - 1 - 1 1 1 - 1 1 6 
11 plate red 2 4 2 - - -  - 2 - 10 

12 stick red 2 3 3 -  5 1 1 2 3 20 
13 stick white 2 - - -  - -  1 -  1 4 

14 foam white - - - 11 8 13 - - - 32 
 sum 10 90 96 112 112 88 52 62 51 64 727 

 
Table 19 Microplastic distribution of core sediment sort by shape and color 

No. Shape Color Station CP1 Station S1 

1 fiber black 305 48 
2  fiber transparent 296 14 
3  fiber brown 13 1 
4  fiber green 85 8 
5  fiber red 20 9 
6  fiber purple 11 - 

7 
fiber 

opaque 
white 3 

2 

8 fiber blue - 1 
9  fiber white 4 4 

10 fragment black 3 - 
11  fragment transparent 15 5 
12  fragment brown 2 - 
13  fragment green 2 - 
14  fragment red 3 1 
15  fragment white 13 8 
16 fragment blue - 1 

17 stick transparent - 4 
18 stick brown 1 - 
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No. Shape Color Station CP1 Station S1 

19 stick black 1 - 

20 plate transparent - 1 
21 plate white -  2 

  sum 777 109 
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