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ABSTRACT (ENGLISH) 

# # 6087817520 : MAJOR HAZARDOUS SUBSTANCE AND ENVIRONMENTAL 

MANAGEMENT 

KEYWORD: Microplastics, Surface water, Sediment, Spatial distribution, Seasonal 

variation, The inner Gulf of Thailand, Pollution level assessment 

 Pathompong Vibhatabandhu : Spatial heterogeneity distributions and seasonal 

variations of microplastic contaminations in surface waters and sediments and 

microplastic pollution level assessments of the inner Gulf of Thailand. Advisor: 

Asst. Prof. SARAWUT SRITHONGOUTHAI, Ph.D. 

  

Microplastics or the plastic particles less than 5 mm are the emerging pollutant 

that may be threat in marine ecosystems. Due to uncertainty in behavior of microplastics in 

the environment, this research objectives to analyze the characteristics of 

microplastic contaminations in surface waters and sediments of the inner Gulf of Thailand. 

The surface waters and sediments in dry season and wet season of 2018 were sampled from 

the coastal sea and the river estuaries of Mae Klong, Ta Chin, Chao Phraya, and 

Bang Pakong rivers. The analysis found that the influence of wet season increased 

contamination of microplastics from dry season. The average abundance of microplastics in 

water samples was increased from 8.70±15.34 pieces/L in dry season to 34.59±46.02 

pieces/L in wet season, while that in sediment was increased from 7297±5960 pieces/kg of 

dry weight sediment in dry season to 12216±7079 pieces/kg of dry weight sediment in wet 

season. The distributions of microplastics illustrated the freshwater runoff and seasonal 

surface current controlled the transportation of microplastics in surface water; however, the 

microplastics tend to be aggregated with suspended solids and sedimented in the river 

estuaries more than that in coastal sea. The identification of plastic types indicated that 

polyethylene and polypropylene were the common plastic types in the study area as they 

were the most observed plastic types of microplastics in the water samples, while 

polyamide and poly (acrylonitrile: butadiene) were the major plastic types of microplastics 

in the sediment samples. In addition, the analysis found the contamination of heavy metals 

in the microplastic samples, especially in fouling accumulated on microplastics. The 

pollution level assessment revealed the contamination of microplastics in surface 

sediments of the inner Gulf of Thailand was in the level of very high contamination, while 

the ecological risk evaluation found the risk of microplastic contamination was in the 

moderate to high levels. The ecological risk index represents that the risk of microplastics 

was mainly regulated by plastic monomer chemicals, while the contaminated of heavy 

metals in microplastics resulted the small proportion in the total risk of microplastics. The 

revised risk assessment for the contamination of microplastics in this study could be 

included to the risk assessment of the contaminations of the other toxic substances for 

evaluating the potential ecological risk of the contaminations in sediment of the 

considered area. 

 Field of Study: Hazardous Substance and 

Environmental Management 
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CHAPTER I 

INTRODUCTION 

1.1 Statement of problems 

Microplastics (MPs), generally described as the plastics particles that are 

smaller than 5 mm, are the emerging pollutant that need to be studied. Sourced from 

degrading of plastics or releasing of manufactured small size plastic products, the 

MPs tend to be sank in the marine environments. It must admit that contamination 

status and behavior of MPs are important for accessing the impacts in ecological 

system and the toxicological risk of this pollutant. 

MPs in environment are a long middle of pipe before plastics were degraded 

to available organic compounds. The contamination of MPs in waters, sediments and 

biota has been reported. Sourced from manufacturing of small plastic products and 

weathering of large plastics debris, MPs are distributed into the marine environment 

via storm sewers, wind, and currents. Formed with microorganism and organic 

compounds in the environment, MPs have been changed their density and aggregated 

with natural particle that cause dynamically and vertically spread in surface water, in 

water column, and in sediment [45, 46]. This can infer that MPs are bioaccessible for 

marine biota in several habitats. 

With limited evidence of this contamination effects under field condition, the 

concerned problems about environmental impacts of MPs have been raised for 

individual effects through the ecological effects. Interestingly, MPs affect all level of 

biota, which is producer to consumer level, in both freshwater and marine biota. MPs 

are discussed to be either their intrinsic toxicity, which is physical damage, monomer 

and additives releasing, or the vectors for transportation of heavy metals and 

persistence organic pollutants to aquatic organism [47-49]. The mechanistic 

toxicology of MPs was proposed that MPs exposure inhibits various enzymatic and 

metabolic pathways, and results in food chain perturbations and ecological imbalance 

[50]. Finally, the potential impacts of tropic level transfer of MPs also have received 

considerable attention. Although the ecological risk assessment is not fully studied, 

the effective of the assessment is based on occurrence, quantification, and delineating 

toxic effects of MPs in the environmental components. 
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While the impacts of MPs contamination are not well known, the plastic 

marine debris loading rate of Thailand was determined to 0.15-0.41 million metric 

tons/year [51]. The recent studies on MPs in Thailand has reported the contamination 

in surface water [24, 25, 52, 53], bed sediments [17, 25, 35, 41, 52], beach sediments 

[24, 54], in bivalves [24, 54, 55], and in sessile invertebrates [56]. Because the 

contamination of MPs and their potential effects are uncertain, this study objectives to 

assess the influences of seasonal variations on MPs contamination characteristics and 

rapidly evaluate the impact on ecosystem. Specifically, the spatial and seasonal 

distribution of MPs in surface waters and that in sediments of the inner Gulf of 

Thailand (GT), the national resource and accumulation sink of pollution of Thailand, 

was investigated. The pollution and eco-risk scales were modified to illustrate MPs 

contamination status. In addition, the sorption of heavy metals, special co-

contaminants, on MPs will be used to index contamination in MPs. 

1.2 Objective 

1) To investigate spatial distributions and seasonal variations of microplastic 

contaminations in surface waters and sediments of the inner Gulf of Thailand 

2) To characterize the physical and chemical properties of microplastics in 

surface waters and sediments 

3) To revise the potential ecological risk assessment model for evaluating the 

pollution level and risk of microplastics with the co-contamination of heavy 

metals 
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1.3 Scope of the study 

In this research, microplastics (MPs) refer to the plastics those are particles 

smaller than 5 mm along their longest dimension, and those have density lower than 

1.2 g/cm3. The study area was the coastal sea of the inner Gulf of Thailand (GT) 

included the 4 main river estuaries of Mae Klong River (MK), Ta Chin River (TC), 

Chao Phraya River (CP), and Bang Pakong River (BK) (Figure 1.1). The study area 

was represented to the pollutant accumulated area influenced by freshwater runoff, 

anthropogenic activities, and hydro-geological characteristics.  

 
Figure 1.1 The inner Gulf of Thailand, the South China Sea, Pacific Ocean 
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According to river runoff, the pollution from the activities in the river basin 

was loaded to the estuaries and discharged to the inner GT. The water of MK was 

incorporated with the runoff and emission from the agricultural, industrial, and 

residential areas of the western part of Thailand. Similarly, water of TC was 

additionally loaded by the activities from the center basin. The large pollutants runoff 

from agriculture, fisheries, transportation, industries, and domestic consumption could 

be entered to the riverine water of CP, as this river is the largest river located in the 

northern and the central, and the river passes the intensive urban area of the 

metropolis, Bangkok. In the other side, agriculture was the main propose of land 

utilization in the eastern river basin of BK; however, the urban, tourism, and industry 

also be expanded. The freshwater runoff and anthropogenic activities in the river 

estuaries could be source of pollutants entered to the coastal sea of the inner GT. 

It must highlight that season of the study area may strongly affect to the 

hydrological factors, and those factors also regulated the dynamic of the pollutants. In 

overview, the southwest monsoon increases rainfall from June to September, and the 

northeast monsoon reduces rainfall and temperature from October to February. The 

lowest runoffs and extremely high temperatures are mostly observed in the transition 

period between the northeast monsoon and the southwest monsoon in March to May. 

The investigation revealed that the river runoff was strongly magnified during the 

increased rainfall in the wet season, which is the southwest monsoon period. The 

model and investigation determined that clockwise circulation of the water current 

was observed during the southwest monsoon period (May–August), while some 

counterclockwise circulation was observed during the northeast monsoon period 

(November–January) [57, 58]. This dynamic was considered it may affect both the 

concentration and distribution patterns of MPs in the Inner Gulf of Thailand. 

This study, the runoff water was mainly hypothesized as being the influence 

controlling contaminations of MPs and the other pollutants. The end of the monsoon 

transition period (April–May) was chosen to represent the dry season, as rainfall was 

scarce since the northeast monsoon period, while the results of runoff in the wet 

season were studied in the southwest monsoon period (July–August). Thus, the water 

samples and sediment samples were collected in dry season (April-May 2018) and 

wet season (July-August 2018). Additionally, the surface waters in northeast monsoon 
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period (December 2017) were sampled. All quantification was modified from 

laboratory method for analysis of MPs in the marine environment: recommendations 

for quantifying synthetic particles in water and sediment of National Oceanic and 

Atmospheric Administration, United States [59]. By microscopic count and 

gravimetrical analysis, MPs was quantified for shapes, and colors. The plastic types of 

MPs were identified by FTIR spectrum. The data was normalized and analyzed as 

parametric statistics with 95% confidence intervals (significance level 0.05). The 

distribution maps were contributed by Inverse Distance Weighting (IDW) 

interpolation of ArcGIS®. The seasonal variation of study area according to the 

sampling periods was analyzed by the published research, and that was the secondary 

data from the analysis of the “Development of Socio-Ecological Based Effective 

Fishery Management Policy for Good Governance in Sustainable Fishery of the Inner 

Gulf of Thailand”, Faculty of Fisheries, Kasetsart University. The dissertation was 

consisted of 3 parts including:  

1) Influence of seasonal variation on distribution characteristics of 

microplastics in surface water 

The contamination of MPs in surface waters of the inner Gulf of Thailand was 

firstly investigated for the abundance and physicochemical characteristics with the 

seasonal variation. The fragmentation in MPs structures was observed, and that was 

critically detailed for the main plastic types of polyethylene and polypropylene. 

Beside variation in characteristics of MPs, spatial distributions of film-, fiber-, 

fragment-, foam-, and pellet-MPs were illustrated for MPs in size of 100-300 µm, 

300-1000 µm, and 1000-5000 µm. The effects of multi-environmental variates in dry 

season and wet season on MPs contaminated in surface water were analyzed.  
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2) Accumulation of microplastics in surface sediment and co-contamination 

of heavy metals in microplastics 

The abundance of MPs in surface sediments was quantified by plastic 

identification of microscopic FTIR spectrometer, the presented number of MPs was 

the particles that confirmed to be plastics, in the other words. The physical and 

chemical characteristics of MPs in surface sediments were comparatively analyzed 

with those of MPs in surface waters. In addition, the vertical profile of MPs in 

sediment was investigated, and the relationships of MPs-sediment variables were 

observed. The analysis of heavy metals (As, Cd, Co, Cr, Cu, Mn, Ni, Pb, and Zn) 

found the contamination in both plastic contents and fouling contents of MPs. 

3) Pollution assessment for contamination of microplastics: case study in the 

inner Gulf of Thailand 

The pollution assessment model, potential ecological risk index, of MPs in 

sediments were revised for integrating with the eco-risk of the other substance 

contamination in sediment. The heavy metal co-contamination in MPs on eco-risk 

was included to the assessment. The approached model was applied to assess the risk 

of MPs in surface sediment of the inner Gulf of Thailand. The assessment illustrated 

that high risk level of MPs in the considered area was in the moderate to considerable 

level with the average ecological risk index. The risk from heavy metal co-

contamination was less proportion compared with that from plastic contents.  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER II 

THEORY AND LITERATURE REVIEW 

2.1 Plastics 

‘Plastic’ has been used to describe the molded or shaped substances. In 

common, all plastic has a large chain-like molecule, or it is a polymer. Varying 

applicable properties and types, plastics are widely used. There is an estimation that 

99.5 million metric ton of disposed plastic products was generated in coastal regions, 

and 4.8-12.7 million metric ton of those entered to the ocean [51]. Even though 

plastics have persistent properties, they are possible to be degraded after released to 

the environment. 

2.1.1 Physiochemical properties 

Plastics are long chain-like macromolecules repeating of small 

molecules. In the other word, they are polymer composed of many units of 

monomers. The structure of polymer molecule has a significant influence on 

plastic material properties.  

Crystallinity of polymer refers to the degree of structural regions where 

the polymer chains are aligned with one another. The polymer structures 

termed lamellae are formed as crystalline region, while amorphous regions 

entangle in the polymer chain and reduce crystallinity (Figure 2.1). By this 

reason, some part of the polymer is un-crystalline, or it is semi-crystalline. In 

general, the degree of crystallinity in a plastic directly affects to mechanical, 

optical, chemical, and thermal properties of plastics. For example, semi-

crystalline polymers have higher strength, lower melt viscosity, and higher 

resistance than amorphous polymers. 

In addition, polymeric chain structures and polymer composition also 

affects the properties of plastics. Providing larger gap between polymer 

chains, polymer branching reduces the density and mass of material; however, 

the flexibility of polymer is increased. On the one hand, a smaller number of 

stemming from the main polymer chain permits tighter chain packing. 

Similarly, two or more different types of monomers can form to be more 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 8 

complex structures with improved properties. Moreover, combinations of 

plastic types or polymer blends are produced advantageous properties of 

plastic materials. 

 
Figure 2.1 Semi-crystalline polymer with lamellae structure, crystalline region, and 

amorphous region [60] 

As results of polymerization, monomer is the main component affected 

plastics structure. Polymer crystallinity, polymer chain structures, and polymer 

composition construct plastic molecule more complex structures and change in 

plastic properties. Because of varied properties, plastic materials become 

multi-function suited to any common products in daily life. 

2.1.2 Common plastics 

Resulted to plastic physical and chemical characteristics, variation of 

polymers and structures make plastics to be a magical material with flexible 

functions. The plastics have been integrated into most of products in life 

activities, example, food, drink, and packaging. The code system of common 

plastics was displayed for identifying plastic types by American Society for 

Testing and Materials (ASTM). Following ASTM code system, structures and 

applications of common plastics were shown in Table 2.1. By PlasticEurope, 

the association of plastics manufacturers and one of the leading European 

trade associations, European plastics demand inferred to plastic utilization was 

reported and in order of plastics in the other types (19.3%), PP (19.3%), LD-

PE (17.5%), HD-PE (12.3%), PVC (10%), PUR (7.5%), PET (7.4%), and PS 

(6.7%) [41]. Estimated 18.5% of the world production [42], total plastics 

converter demand in 2016 was 49.9 million ton, and 39.9% of that was 

packaging in the main market sector [41]. 
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Table 2.1 Structures and applications of general plastics 

Plastic 

Code 
Name 

Density 

(g/cm3) [61] 
Structure Typical application 

 

Polyethelene 

terephthalate 

(PET) 

1.37-1.45 

 

Beverage bottles 

Food containers 

Film and sheeting 

Strapping 

Fibres / Fleece 

Filling material 

 

High density 

polyethylene 

(HD-PE) 

0.92-0.97 

 

Chemical containers 

Beverage bottles 

Food containers 

Crates / Buckets 

Tubing / pipes 

 

Polyvinyl 

chloride 

(PVC) 

1.16-1.58 

 

Containers 

Electrical conduct 

Pipes / Gutters 

Cladding 

Window frames 

Cable insulation 

 

Low density 

polyethylene 

(LD-PE) 

0.92-0.97 

 

Bags / Film 

Squeezable bottles 

Food packaging 

Carton lining / mulch  

shrink wrap 

Outdoor furniture 

 

Polypropylene 

(PP) 

0.9-0.91 

 

Bottle caps / container lids 

Packaging tape 

Pipes 

Rope 

Automotive 

Outdoor furniture 
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Table 2.1 Structures and applications of general plastics (continuous) 

Plastic 

Code 
Name 

Density 

(g/cm3) [61] 
Structure Typical application 

 

Polystyrene 

(PS) 

1.04-1.1 

 

Disposable cutlery 

Tableware 

Disposable container 

Packaging foam 

Thermal insulation 

(Example) 

Polyamide  

(PA or nylon) 

1.02-1.05 

 

Fibres 

Bristles 

Monofilament 

Bearing 

Automotive application 

2.2 Marine plastic litter 

Plastic products that mostly are single use, plastic waste is generated, and it 

needs to be managed. There is estimation that 31.9 million metric tons of plastics 

waste were mismanaged; moreover, 4.8-12.7 million metric tons/year of plastic debris 

were entered to ocean in 2010 [51]. Categized by size, marine plastic litter is 

included: macroplastics (>25 mm), mesoplastics (25-5 mm), microplastics (5-1 mm), 

mini-microplastics (1 mm-1 µm), and nanoplastics (<1 µm) [60]. In general, small 

sizes of plastic debris are from degradation or fragmentation of large plastics by 

biological and physicochemical process of the ecosystem. 

2.2.1 Biotic degradation 

In this review, degradation is defined as the deformation processes 

affected large plastic become smaller in term of polymeric molecular and that 

in term of material size. Depended on chemical structures of plastics, 

biological processes may induce plastics to be small fragments or small 

molecules of residues. To be complete degradable, plastics must undergo a 

two-stage procedure [60]: 
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1) The carbon–carbon bonds of the long polymer chains are broken by 

oxygen, moisture, heat, ultraviolet light or microbial enzymes that results 

in fragmentation of the plastics; 

2) Sufficiently fragmented short carbon polymer chains pass into microbial 

cell and become food and energy source, before those are transformed to 

biomass, water, carbon dioxide or methane gases. 

Biodegradation of plastics is the best solution for plastic litter in the 

environment. Polyhydroxybutyrate (PHB), polycaprolactone (PCL), and 

polylactic acid (PLA) are the most common biodegradable plastic materials 

[60]. In contrast, they cannot replace the commodity thermoplastics in terms 

of cost or mechanical properties. Although plastic degrading organisms have 

been discovered [62], heterotrophic bacteria isolated from sub-merged marine 

plastic litter cannot degrade polyethylene under agar plate incubation [63]. 

2.2.2 Abiotic degradation 

Chemical additives often be contained in plastics for changing polymer 

properties, increasing their stability, and protecting against environmental 

influences and biological attack. In contrast, plastic litter is particularly 

degraded, but the degradation is not complete. Plastic debris is weathered to 

small particle by mechanical force, temperature, light, gas, and water after 

exposed to marine environment. 

When released to the aquatic environment, large plastic litter exposes 

to water currents, waves, and collisions and abrasion from rocks and sand. 

Over the time, the debris was cracked to smaller prices by mechanical stresses 

(Figure 2.2). The impact stress, for example, is a high force or shock applied 

to the plastic over a short period of time that can result in fragmentation. The 

degree of any effects from these different forces depends upon the mechanical 

properties of the plastic. 
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Figure 2.2 The potential forms of stress on a piece of microplastic [60] 

The thermal properties of plastic materials indicate the susceptibility to 

thermal degradation. In the other word, the plastic materials are de-structured 

by changes in temperature. The degradation by thermal-oxidative reaction at 

high temperature (Figure 2.3) occurs with three different phases: 

1) Initiation, the input of enough energy, in the form of heat, results 

forming small reactive molecules or radicals by breakdown of long chain 

polymer; 

2) Propagation, the radicals produced from initiation phase react with 

oxygen to create peroxide radicals, hydroxyl free radicals and alkoxy 

radicals that react with oxygen and create freer radical like the chain 

reaction; 

3) Termination, the initial energy input, or discontinued oxygen supply, or 

forming stable non-radical adducts by radical-radical reaction that end 

self-propagate chain reaction. 

 

Figure 2.3 Polymer free radical chain reaction [60] 
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As well as heat, the energy in form of ultraviolet light (UV) can also 

initiate the chain reaction of thermal degradation. When plastic materials 

absorb the photons of light, in the region of UV-B (315–280 nm), the photo-

oxidative degradation occurs by the free radical polymer chain reaction. 

Plastic debris on land, such as beach, or on surface water is directly exposed to 

large amount of sunlight; in the same way, it absorbs high density of UV and 

fragments by oxidative reaction. The common signs of this reaction are 

yellowing, hazing, cracking, and embrittlement. In specific, the reaction 

affects to the polymer matrix, as results of abnormal polymeric functional 

groups in the presence of C=O and O-O groups. 

Following propagation phase of the oxidative chain reaction, presence 

of oxygen in atmosphere can catalyze the breakdown of plastic materials. 

However, the decomposition only occurs down to the maximum depth of 1 

mm from surface water. The presence of ozone and oxides atmospheric 

pollutants tends to occur the significant damage by attacking the double bonds 

of some plastics. In addition, the hydrolysis of some water submerged plastic 

materials occurs when the water diffuses into the amorphous region of 

polymer matrix. 

The mechanical and chemical processes are reasonable be the main 

factors for fragmentation of general used plastics. Located in marine 

environment, plastic litter is specifically susceptible to fragmentation with 

sunlight, heat, cold, wind, waves, rocks, acids, and enzymes (production from 

microorganism or ingestion by wildlife), and damage from anthropogenic 

activities. As a result of abiotic degradation, the plastic litter deterioration to 

smaller size of particle. 

2.3 Microplastics 

Microplastics (MPs) are the plastic particles (plasticles) that smaller than 5 

mm. Accordingly, plastics in size of 5 mm to 1 µm are described to be MPs, and those 

of less than 1 µm in size are nanoplastics [60]. Categorized by sources, the less than 5 

mm of plasticles since manufacturing are called as primary MPs, while the plasticles 

fragmented from larger plastic debris are defined as secondary MPs. With no standard 
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sampling and analyzing methods, contamination of MPs have been measured in the 

environment. 

2.3.1 Sample collection and analytical method 

To evaluate the impacts and risks of MPs in the environment, 

contamination monitoring is the best tool for presenting a status of MPs in the 

environment. Because of that, environmental media samples were collected 

then MPs were separated and quantified. 

In basic, contaminated MPs have been collected using naked eye 

observation collected by hand or non-plastic equipment. The contamination on 

beach, for example, was widely studied via collection selected MPs [64-72] or 

bulk sand samples [29, 54, 64, 73, 74] by using hand, metal spoon and 

tweezer. Specifically, bed sediment was taken from sea bottom before bulk 

sample collection [5, 11, 16, 22, 26, 29, 74]. Objectives to sampling MPs in 

surface water, the water volume reduction by towing 300 µm of neuston net 

was recommended by National Oceanic and Atmospheric Administration of 

United States (NOAA) [59]. In addition, bulk water sample was sampled [74], 

and water pumping into filtration units was applied for surface water sampling 

[5, 12, 75]. The collected water and sediment samples need preparation before 

MPs analysis. 

By selective sampling, MPs mostly were identified and characterized 

by naked eyes. However, biogenic materials and the other impurity need to be 

removed and separated from MPs content in volume reduced or bulk samples. 

Different reagents (H2O2, NaOH, and HCl) were tested for organic content 

digestion; the H2O2 was case-by-case recommended to oxidize a large amount 

of biogenic organic matter [76]. After that, MPs were separated from the other 

components by density separation. Because of the density of plastics (Table 

2.1), PP, PE, and PS usually be separated by saturated NaCl solution (density 

1.2 g/cm3), but seawater (density 1.003 g/cm3) also be used [77]. However, 

NaI (density 1.6-1.8 g/cm3) [17, 76] and ZnCl2 (density 1.6 g/cm3) [11, 12] 

were replaced those for separating denser plastics such as PET and PVC. In 

addition, samples sieving into certain sizes was recommended [61]. Wet 
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Peroxide Oxidation process, using H2O2 and FeSO4, and density separation by 

NaCl solution were approved procedure for both water and sediment samples 

preparation in recommendations of NOAA [59]. 

To quantifying and confirming supernatant in density separation 

process are plastics, the number of MPs has been microscopically counted and 

categorized MPs with the shapes and colors. The plastic visual identification 

should meet the criteria: 1) no cellular or organic structure are visible; 2) 

fibers are equally thick throughout their length, and not appear segment or 

twisted flat ribbons; 3) the colored particles are homogenously colored, and 

not shiny [22]. Moreover, the plastic shape determination was proposed 

following Table 2.2. It, however, is important to confirm plastics with their 

polymer types. Similar with a fingerprint of plastics, the functional groups and 

structure of the polymer have the specific pattern of varied wavelength light 

absorption namely spectrum. By spectrophotometry, plastic types mostly be 

identified by similarity comparison with standard polymer spectrum of Fourier 

Transform Infrared spectrometer (FT-IR) [5, 22, 26, 29] and Raman 

spectrometer [56, 74, 75]. In advance, the pyrolysis gas chromatography with 

mass spectrometer was offered to analyze plastic composition of MPs [78]. 

The qualitative and quantitative analysis of MPs has been continuously 

developed for evident fate and transportation of MPs in the environment. 

Quality of assurance, quality control, and prevention of the 

contamination through MPs analytical processes are necessary. The MPs 

extraction was tested with plasticle recovery from spiked samples. The 

contamination from air, laboratory coat and all equipment were prevented. 

Follow above of the concepts for MPs analysis, MPs contamination in 

environmental media has been characterized. 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 16 

Table 2.2 Criteria of microplastics’ shape identification [60] 

Plastic shape Definition Shape example 

Fiber A strand or filament of plastic  

 

Film A thin sheet or membrane-like piece of plastic 

 

Foam A piece of sponge, foam, or foam-like plastic 

materials  

Fragment An irregular shaped piece of plastic  

 

Pellet A small spherical piece of plastic 

 

2.3.2 Contamination of MPs 

The contamination of MPs in the environments is the evidence of 

anthropogenic activity. Even though the sample collection and analysis were 

limited by no standard for size of MPs and no standard for procedures, MPs 

contamination in waters and sediments has been assessed. 

Depended on the study area, the average concentration of MPs in 

surface water was range of 100-10,200 pieces/m3 [5, 12, 74, 75]. High MPs 

concentration was found in the estuaries area with more variation than coastal 

sea. However, different criteria volume of sampled water and size of MPs had 

impacts on the concentration. Size distribution of MPs in water samples was 

limited by the mesh size of sieve or neuston net using in the sample collection. 

Collected by water filtration pass 333 μm sieve, most MPs were in size of 0.5-

1 mm [75], while the major size of MPs was less than 0.5 mm with 35.7-

85.5% of the MPs samples collected by 30 μm sieve [5]. Variable color and 

shape, PE and PP were two majority of plastic types of MPs in surface water 

[5, 12, 75]. Neither no significant correlation between concentration of MPs 

and population density, nor extreme meteorological events of Typhoon the 

concentration of MPs related to hydro-geological dynamics and economic 

structure of the study area [75]. 
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Results of suspended solids settling to seabed, MPs are integrated to 

the composition of the shallow sediments. Average concentration of MPs 34-

390 pieces/kg of dried sediment was reported [11, 16, 22, 26, 29]. Based on 

number of MPs, the most prevalent shape of MPs contaminated in bottom 

sediment was filamentous plastics. No-significant relationship between 

concentration of MPs and sediment gain size was found [11, 16, 22, 26]. High 

concentration of MPs was determined in the area where near urban sewage 

treatment plant [26] and harbors [29], but the concentration of MPs in taking 

marine protection area was not significantly lower than no taking area and 

coastal urbanized population area [16]. Similarly, there was no statistical 

difference between contamination of MPs in beach sediment under the 

influences of tourism and those that were not tourism [64]. The results can 

infer MPs may input from land and marine activities, and they were 

transported to the other area. 

The contamination of MPs in waters and sediments links to the 

accessibility of the organism habited in pelagic and benthic system. As a 

result, the researchers found MPs in the invertebrates lived in the intertidal 

zone of the beach [54-56] and pelagic-demersal/ bentho-pelagic carnivorous 

fish [74, 79]. The interactions between MPs and aquatic environmental 

components have been seriously investigated. 

2.4 Behavior of microplastics in aquatic system 

Recognized by monitoring, mismanaged plastic debris has been loaded into 

marine environment and degraded to be MPs. It is general to say that most plastics 

float on the water because their density is lighter than water. Surprisingly, the studies 

found the contamination of low-density plastics such as PE in the bottom sediment [5, 

22, 26, 29, 73]. These results confirm that characteristics of MPs are dynamically 

changed during influence of the environment. In the overview, the research submits 

the concept that MPs are not only fragmented, but also be transported and transformed 

after they were entered to the aquatic system (Figure 2.4).  
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2.4.1 Fate and transportation of microplastics 

1) Neustonic interaction 

The surface properties of plasticles play an important part for the 

interaction in the ecosystem. Plastics basically have smooth and hydrophobic 

surface, but these properties are changed after contaminated in aquatic 

environment. Substances including nutrients, organic compounds, microbials, 

and the other contaminants in water column and sediment, are rapidly 

accumulated on the surface of MPs. 

By paradigm of protein corona, the protein coated on nanomaterial in 

biological fluids, ecocorona refers to the formation of dissolved organic 

macromolecules on micro- and nanoplastics; moreover, the plasticles retained 

ecocorona may by attached with organic materials, minerals and the other 

components of marine snow [45]. The aggregation of those contents is named 

as biofouling. For instance, microbial biofilm formation was found after 1 

week of submerging PE plastic food bags in 2 m below the water surface [63]. 

The visible settlement cover of diatom and algae communities were observed 

on plastic sheet (HD-PE and LD-PE) contacted with seawater for 12 weeks 

[80]. The later experiments have come up with the plankton-plasticles 

aggregation. The hetero aggregation between MPs and phytoplankton was 

significantly found in diatom that produced extracellular polysaccharides or 

transparent exopolymer particles [81, 82]. 

The biofouling results plastics have negative buoyant by increasing 

their density. MPs aggregated algae fouling has higher trend to sink than non-

aggregated MPs [81], while the small size of that firstly sink after 12 weeks 

surface water exposure [80]. With concept of ecocorona, hazardous 

hydrophobic substances can be included in the adherences on MPs surface. 

Interestingly, less hydrophobicity surface was found in biofilm formed plastics 

[83]; by this reason, accumulation of hydrophilic substances in MPs is of 

concern. 
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Figure 2.4 The overview of microplastic behavior in aquatic environment 

2) Coastal sea transportation 

The physical variated properties of MPs are considered for 

transportation in coastal sea. Like planktonic behavior, the movement of MPs 

was controlled by water current, tide, and wind. The aggregation of MPs and 

biogenic matrix affects MPs become denser and sink to the water column. In 

short, transportation of MPs is an effluence of the hydrodynamic process and 

biofouling. 

Water current and wind direction induce the movement of MPs in 

horizontal and vertical. Windage, or leeway drift, is the key factor in 

horizontal transportation of extremely light MPs floating on surface water, PS 

foam (< 0.05 g/cm3) and polyurethane (0.08-0.75 g/cm3), for example [84, 85]. 

As well as onshore wind and wave, MPs were transported by river discharge, 

stormwater, surface currents, and tidal currents influences. The turbulent 

vertical mixing induced by wind and wave can lead MPs to deposition to the 

sea bed and increase retention of MPs in the sediment [84]. 

Linked to increasing density, biofouling can settle. Key considered in 

slightly buoyant plasticles (e.g. PE and PP), biofouling in smaller particle is 

the faster in fouling up to water density, while the time of fouling was shown 

to be the same order for films and fibres, and two orders of magnitude higher 
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for spherical particles in the same mass [85]. The accumulation of algae on 

MPs surface was simulated for modeling vertical transportation. The 

oscillatory pattern of MPs movement in the water column was presented 

following: 

a) The surface of plasticles is initially attracted by algae biofouling. 

b) The plasticles start settle because the biofilm fouling increases their 

density. 

c) The number of algae on plastic surface is fluctuated by collision, 

respiration, growth, and mortality.  

d) The buoyant particles keep moving up and down in the water column. 

Following this mechanism, small plastic particles start settle sooner 

and have more settling velocity; in addition, the different model outcome is 

affected by temperature, salinity, algae concentration, and thermocline depth 

[46]. In the same of particle shape, the higher density of plasticles theoretically 

trend to settle faster than the lower density of those [85]. As the plasticles are 

of irregular shape, an equivalent spherical diameter (ESD) was used in 

calculation of sinking rate increased by the biofouling. Characterization of 

algae aggregated MPs found that the sinking rate of biofouling MPs is 

forwardly depended on ESD, while the excess density by fouling is inverted 

with ESD [81]. 

Same as transportation by oceanographic dynamics and biofouling, 

attachment, and ingestion of MPs by animals can result they heterogeneously 

transport in water column thorough the bottom sediment. The attractiveness of 

MPs on food items can cause misidentified ingestion in many animals. After 

were exposed, MPs can be accumulated and transported with animal body. In 

case of ingestion, MPs are possible to be excreted from animal body by 

condensed with faces and be sedimented. Because plastics are composted of 

additives for improving their properties, and they can sorb the other substances 

following the concept of eccorona, the toxic by chemicals of MPs is of 

concern. 
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2.4.2 Chemical pollutants 

According to plastic properties and environmental dynamics, MPs can 

be a source and sink of the other contaminants in the environment. In the other 

word, MPs may be a pollutant or may release contaminants to the environment 

or may accumulate them from the environment. The organic and inorganic 

contaminants interaction with MPs have been investigated. 

1) Persistent organic pollutants 

As MPs are smaller in size, the surface for sorption is more available. 

By hydrophobic property, plastics can adsorb on organic chemical on their 

surface. Sorption of hydrophobic organic chemical has been measured in field 

samples and characterized by experiments. 

Collected from beach, plastics were contaminated with persistent 

organic substances including polycyclic aromatic hydrocarbons (PAHs), 

polychlorinated biphenyls (PCB), total dichloro-diphenyl trichloroethane 

(DDT and its degradation products), and hexachlorocyclohexanes (HCHs) 

[86-89]. Accordingly, the measurement shows significant contamination of 

organic pollutants depended on plastic characters. For example, higher 

contamination of PCBs and total DDT was found in aged plastics [89], and 

concentration of PAHs was greater in PS foam samples [86]. The persistence 

presented in monitored MPs could be sourced form addition during production 

process and sorption from the environment. The ratio between phenanthrene 

and anthracene in MPs from the beach near industrial sites and port facilities 

showed the majority PAHs is from petrogenic source [89]. Besides that, the 

PAHs contamination in virgin PS was confirmed that the contaminants were 

added during manufacturing. The high efficiency of organic sorption by 

plastics was found in the experiments. 

The equilibrium of organic substances between solid (MPs) and liquid 

(water) phases is used to simulate the sorption of organic pollutants on MPs. 

By experiment, the equilibrium concentration of organic contaminants in MPs 

(CMPs) and that in water (Cwater) was measured and simply modeled in the 

partition coefficient (Kd): 
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Kd =
CMPs

Cwater
 

Described by Kd, the sorption of PAHs was higher in plastics than that 

in sediment with the order of PE, PS, PVC, and sediment respectively [90]. 

The adsorption of organic contaminants was specifically explained by non-

linear models of Freundlich isotherm and Langmuir isotherm. According to 

adsorption of antibiotic on MPs, the adsorption was varied depending on 

hydrophobicity of substances and MPs surface characteristics, including pore 

structure, specific function groups and surface area that were changed in the 

environment [91]. 

The sorption of organic pollutants is complex with variable plastic 

properties changing and fluctuated environment. Long-term field experiment 

of PAHs and PCBs sorption on plastic pellets found that the PAHs and PCBs 

on HD-PE and LD-PE increase over the time during 12 mouth of the 

measurement [92]. In the other hand, the sorption experiment of twenty-one 

probe sorbates argued that the sorption was reduced in aged PS because of 

increase polarity of plastic from the oxygen-containing functional groups 

during degradation [83]. 

2) Heavy metals 

Opposite the hydrophobic properties of plastics that tend to adsorb 

organic substances, the mixed acid extracts from MPs were detected the 

contamination of heavy metals that was higher than the contamination of 

sediment [69, 73]. Similarly, that contamination also be analyzed by field-

portable-X-ray fluorescence spectrometry [65]. The heavy metals in MPs 

structure can be explained by two scenarios: a) heavy metals are added to 

plastics by the manufacturing process, and b) MPs adsorb heavy metals from 

the environment. 

It is unclear that which scenario above is the main role in the metal 

contamination of MPs in the environment. Resulting from elemental analysis 

of visible plastic litter, heavy metals and potentially indicative of hazardous 

chemicals were measured in the litter [66, 67]. For example, the composition 
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of lead chromates compound that is heat and UV stabilizer in PVC can be 

referred by the relationship of Pb and Cr in plastics [66]. In addition, heavy 

metal compounds, were illustrated on surface of adherence removed pellets by 

scanning electron microscopy with energy dispersive X-ray spectroscopy 

(SEM-EDS) [70, 73]. The analysis shows that the added chemical during 

manufacturing process and the adsorption of contaminants in the environment 

are the source of heavy metals in field collected plastics [69, 71, 73].  

Furthermore, the variable change of plasticles characters may induces 

MPs accumulate heavy metals. After contaminated in the environment, 

plastics will be fragmented; meanwhile, it also be covered with organic 

compounds and biofouling. Not only is small particle from plastic litter 

fragmentation, but it is also polar region from weathering that cases heavy 

metals accumulation in MPs. FT-IR spectra confirmed the increasing of 

polarity from chemical weathering MPs with the C=O groups peaks [73]. 

Moreover, the chlorine in plastics structure, especial in PVC, is the polar 

group able to adsorb heavy metal ions that result to higher adsorption capacity 

in aged PVC than virgin PS beads [93]. Extraneous materials on MPs 

(biofouling and hydrogenous precipitates) are the important partition 

accumulated heavy metals. As a result of ultra-sonication extraction and 

mixed acid digestion, the heavy metals in surface adherence of pellet samples 

were higher than those in pellet content [70, 73]. Non-specific interaction 

between neutral metals-organic complexes and hydrophobic surface of plastic 

were discussed for that phenomenon. By polarity and adherence on surface, 

aged plastics have greater heavy metals accumulation capacity than the virgin 

plastics [69, 71-73, 93]. 

Because of polymer structure varying and organic modifying, heavy 

metals accumulation on MPs was not simply the results of adherence or 

extraneous materials. The speciation of heavy metals, pH, and salinity in the 

environment also impact the metal-pellet interaction [72]. The in-situ 

experiment resulted that the metals on all type of plastics continuously 

increase after they were deployed for 1 mouth, while the equilibrium of some 

metal adsorption was not presented in 12 mouths of the experiment [94]. 
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Comparing between organic chemicals and heavy metals, the organic 

sorption is specific by polymer types, which greater in HD-PE and LD-PE 

than in PP, PVC, and PET [92], while the metal sorption may not differ [94]. 

The sorption of pollutants on MPs has been debated that is the vector for 

transporting those pollutants to biota. Because of high sorption ability, the 

organic chemical desorption rate is inverse [90]; by this reason, MPs may 

reduce bioavailability of the organic toxicant. In contrast, heavy metals on 

plastic may be more sensitive. Physiologically based extraction test using 

synthetic digestive characteristics of seabird, Fulmarus glacialic, showed the 

inorganic elements in plastic composition was released after 168-220 hours of 

extraction [65, 67, 68]. The role of MPs in bioaccumulation of toxicants could 

be concluded: 

a) Absorption; plastics ingestion leading to toxic transfer from plastics to 

organism 

b) Cleaning; plastics ingestion leading to increased excretion of toxic from 

organism 

c) Source; plastics acting as a source of toxicants that available for dermal 

uptake or uptake by gills 

d) Sink; plastic accumulating toxic from seawater or organisms 

e) Indirect source by dietary; desorption of toxic from plastics to uptake 

natural particles or pray 

However, the accumulation of toxic in organism may not be affected 

by MPs. The uptake of toxicant is possible to be caused by ingestion of regular 

dietary or transferred from the other sources than MPs [95]. By field study, 

observed bioaccumulation is difficult to separately prove that the accumulated 

toxicants are caused from plastics or the other pathway. 

2.5 Pollution indices of microplastic contamination 

2.5.1 Overview of pollution indices 

As well know, sediment is the source and sink of pollutants in the 

aquatic system. Pollution assessment may be done by analysis of sediment 
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contamination. Normally, standard limits for the pollutants have been used to 

represent the level of contaminants. However, it cannot be processed if the 

standard value was not provided for those pollutants, and it seem to be unfair 

when compare the pollution level of between areas having different baseline 

of contamination. Pollution indices can be regarded as a tool and guide for 

comprehensive geochemical pollution assessment. 

In the principle, pollution can be indicated by dose of presented 

pollutants compared by background or reference concentrations where assume 

that is no toxic effects. The indices have been widely used for the pollutants 

from both natural and anthropogenic source, heavy metals, for example. The 

widely accepted pollution indices for evaluated ecological risk were proposed 

by Hakanson in 1980 [96]. The indices are consisted of: 

1) Contamination factor 

To describe the contamination of toxic substances, the contamination 

factor of contaminant i (Cf
i) was defined accordingly: 

Cf
i =

C0−1
i

Cref
i

 

where C0−1
i  is the concentration of contaminant i in the superficial 

sediment (0-1 cm), and Cref
i  is the preindustrial reference value for 

contaminant i, noted that the minimum concentration in sediment layer was 

used for Cn
i  of anthropogenic substances, polychlorinated biphenyl (PCBX), 

for example. The value of contamination factor indicates the enrichment if 

C0−1
i ≥ Cref

i , while the substance will not be characterized as contamination if 

C0−1
i ≥ Cref

i . The terminology for grading the contamination is described: 

Cf
i < 1  low contamination, 

1 ≤ Cf
i < 3  moderate contamination, 

3 ≤ Cf
i < 6  considerable contamination, 

6 ≤ Cf
i  very high contamination. 
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2) Degree of contamination 

As the sediment accumulated more than one substance, the complex 

index namely degree of contamination (Cd) was proposed for assessing the 

pollution level in sediment of the considered area. In short, the degree of 

contamination is summation of all contamination factor (Cf
i): 

Cd = ∑ Cf
i

n

i=1

= ∑
C0−1

i

Cref
i

n

i=1

 

With this approach, the degree of contamination can be described to 

four levels by double value increase for each level. For example, if eight 

contaminants were considered, eight contamination factors will be calculated, 

and the value of degree of contamination will be illustrated: 

Cd < 8  low degree of contamination, 

8 ≤ Cd < 16 moderate degree of contamination, 

16 ≤ Cd < 32 considerable degree of contamination, 

32 ≤ Cd  very high degree of contamination. 

3) Potential ecological risk index 

The principle of potential ecological risk index (RI) is expressed by 

four compositions: the concentration of substances, the number of considered 

substances, the toxicity factors, and the sensitivity. The RI-value can be 

calculated by summation of potential ecological risk factor of considered 

substances (Er
i ) that derived from toxic-response factor (Tr

i) and contamination 

factor (Cf
i) of those substances, as following: 

RI = ∑ Er
i = ∑ Tr

i × Cf
i

n

i=1

n

i=1

 

In brief, the compositions may be categorized to factors for dose of 

contaminants and those for toxic responding of each substance. The 

contamination factor (Cf
i) and the number of considered substances i to n is 

represented to the quantitative of contamination, while toxic-response factor 
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(Tr
i) is expressed by the toxicity factors, and the sensitivity of substance i in 

the sediment system as presented in Table 2.3. 

Toxicity factors 

Ranking or weighting factors on toxic substances, toxicity factors, 

were given for the information about the potential transportation and threat of 

toxic substances to man or ecosystem. The toxic factors of the eco-risk index 

were credited by “the abundance principle” based on concept that the 

toxicological effect is proportional to the abundance or the rarity of any 

substance. The toxicity factors of heavy metals, for example, was firstly 

evaluated by Hakanson, 1980 [96], and re-assessed by Xu et al. 2008 [97]. 

Initially, the abundance numbers were determined: 

a) The abundance of elements in various media, igneous rocks, soil, fresh 

water, land plant, and land animals etc., were ranked from highest to 

lowest concentration. 

b) The highest abundance in each media was given the score to be 1.0, and 

this value will be increased according to ratio of reduced concentration. 

c) The “abundance numbers” were calculated by the sum of element score 

in each media. 

d) The numbers were ranked again by division of their minimum value. The 

result was given in Table 2.3. 

In next step, the sink-effect was considered for representing the 

tendency of metals to be deposited in the sediment. A measure of the sink-

effect was calculated by the comparing between natural background 

concentration in water and preindustrial reference value for sediment. This 

partition of sink-effect was shown as sink-factors in table 3. The low sink-

factor can be implied that the substance tends to be accumulated in sediment 

rather than that in water. Accounted for sink-effect, the abundance numbers 

were multiplied with sink-factors, that transformed to “corrected abundance 

numbers”, however, the range of them was not match the dimensions of 

contamination factors. The dimension-problem was solved by normalized all 
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“corrected abundance numbers” as divided the lowest value of 57, taken the 

square-root, emphasized the uncertainty, and described to be sedimentological 

toxic factors in Table 2.3. The important note is the toxic factor for mercury 

(Hg) were reduced from 80 to 40 because it is too high value [96], and the 

factor for manganese (Mn) were assumed to be the same rank with Zinc (Zn) 

[97]. Finally, the toxic characteristic of substances in sediment was rapidly 

expressed by the sedimentological toxic factors. Nonetheless, the risk of 

toxicants is not only from their abundance characteristics, but it is also based 

on the condition where substances were contaminated. 

Sensitivity of the ecosystem 

Bioproduction, based on nutrients, plankton, bottom fauna, and 

morphometry etc., is discussed to be the important factor for quantifying the 

sensitivity in ecological risk index model. Calculated by the regression of 

nitrogen (N) and ignition loss organic carbon (IG), bioproduction index (BPI) 

was proposed for the value of the N-value in the regression line for 10% of IG. 

According to the relationships with primary production, chlorophyll-A, total 

phosphorus, total nitrogen, BPI-value can indicate the trophic status and/or 

degree of production in the ecosystem [96]. Moreover, the content of methyl 

mercury in fish was proved that it has negative relation with BPI-value [98]. In 

the potential ecological risk model, negative effects of Hg, Cd, Pb, Cr, Cu, and 

Zn, are assumed to be increased with decreasing BPI-value. By the idea of the 

toxic-response factors, the BPI-value was added with the assumptions: 

a) BPI values of 5 represented to the intermediate score in normal 

condition characteristic for moderately eutrophic status. 

b) The toxic of Hg was directly inversed with BPI-value. 

c) The toxic of As should be independent with the bio-productivity, or it is 

not related with BPI-value. 

d) The other metals should be the same scenario with Hg, but the range 

should be smaller; thus, the factors of BPI were normalized by square-

root. 
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In summary for eco-risk assessment, the toxic-response factors (Table 

2.3) have been established by include toxicity factors from abundance 

principle and sensitivity from BPI-value. Only sourced from anthropogenic 

activities, polychlorinated biphenyl (PCB), is the special case that for the 

toxic-response factor leveling. The sedimentological toxic factor of PCB was 

safety assumed to be 40 for the same order of magnitude as that of Hg, and the 

sensitivity also be believed that it directly varied with BPI-value. For all 

considered substances, potential ecological risk factor of substances i (Er
i ) can 

be assessed by toxic-response factor (Tr
i) and contamination factor (Cf

i), and 

the potential ecological risk index (RI) were included all risk from all 

considered substances as illustrated:  

RI = ∑ Er
i = ∑ Tr

i × Cf
i

n

i=1

n

i=1

 

The score of potential ecological risk factor of substance i (Er
i ) was 

described for the risk of single substance. The value of 40 was pined for the 

low risk of the highest toxic-response factor in the normal condition of 

ecosystem (BPI=5). The gained value was increased for the new level of risk 

with the same interpretation of degree of contamination. The description was 

listed below: 

Er
i < 40 low potential ecological risk, 

40 ≤ Er
i < 80 moderate potential ecological risk, 

80 ≤ Er
i < 160 considerable potential ecological risk, 

160 ≤ Er
i < 320 high potential ecological risk, 

320 ≤ Er
i   very high potential ecological risk. 
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Similarly, the potential ecological risk index (RI) was interpreted by 

sum of Er
i   of all considered substances in the normal condition (BPI=5), and 

the safety score with approximately 10% of Er
i  summed score. For instance, 

the RI interpretation for 8 substances included PCB, Hg, Cd, As, Pb, Cu, Cr, 

and Zn was described: 

RI < 150 low ecological risk, 

150 ≤ RI <300 moderate ecological risk, 

300 ≤ RI < 600 considerable ecological risk, 

600 ≤ RI  very high ecological risk. 

The contamination factor, degree of contamination, and potential 

ecological risk index has a concern to avoid the sediment in dynamic 

environment such as river and estuary. However, the pollution load index 

(PLI) was conceptualized for the assessment of heavy metal level in dynamic 

area, especially the river estuarine system [99]. Regarding the assumption that 

concentrations of pollutants have high variation and ab-normal distribution in 

the focused area, the PLI is calculated by geometric average of contamination 

factors of considered pollutants for n sampling points (Cf
n). In easy, the PLI is 

defined as: 

PLI = √Cf
1 × Cf

2 × Cf
3 × … × Cf

nn
 

It is important to note that the pollution indices are the philosophical 

principle for indicating the pollution level that has a limitation. They only 

show the possibility of risk from the contaminants in the certain area and 

cannot specify the risk susceptible population. The toxicity assessment with 

the indicating organism or epidemiological study still be necessary for 

identifying the effects of the new pollutant, microplastics. Yet, the pollution 

indices are rapid and easy assessment that is better than non-available process 

for evaluation. 
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2.5.2 Pollution assessments of microplastics 

Due to persistent structure, contaminations in various media, and 

contaminated chemicals, MPs have been discussed as a toxic pollution in the 

environment. The scale of microplastic contamination is necessary for 

indicating the pollution status of MPs. Dissimilar with common pollutants, the 

standard limited value or the acceptable minimum concentration of MPs were 

not provided as same as toxic-performed concentration of them. Rapidly 

illustrated the pollution level of MPs, the pollution indices were applied by 

assessments of contamination factor (Cf), pollution load index (PLI), and 

potential ecological risk factor (Er
i ).  

Contamination factor (Cf) and pollution load index (PLI) were used to 

evaluating pollution of MPs in surface water of Changjiang Estuary, China 

[18]. With the same concept, the pollution of MPs was assessed for water 

contamination though the model had been firstly proposed for evaluating 

pollution in sediment system. The background reference concentration, 

however, is required for both Cf and PLI calculation. Accordingly, 

microplastic reference concentration was replaced by the average minimum 

concentration of MPs from the literature review. By the idea of Cf and PLI, the 

indices value the quantitative contamination; they do not indicate the toxicity 

of MPs. Goaled to potential ecological risk assessment, toxic-response factor 

of MPs must be approached. 

‘Hazard risk index of polymer’, the novel index was proposed for 

representing toxicity of contaminated MPs [18], and this index was modified 

as ‘toxic-respond factor’ in potential ecological risk assessment of MPs in 

river sediments [32]. The hazard risk index (Hr
MPs) was scoped following the 

framework of abundance and sensitivity: 

Hr
MPs = ∑

Cn

Ctotal

n

i=1

× Sn 

Included variety of plastic types, PE, PP, and PS, etc., the 

contamination of MPs was toxic depended on types of plastics. By this reason, 

quantitative data of each type plastics is inputted to the calculation in the term 
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of the ratio between the concentration of considered plastic polymer type n 

(Cn) and that of the total detected MPs (Ctotal). In addition, hazard ranking 

score of plastic polymer type n (Sn) was. represented the toxic sensitivity of 

plastic. Objective to identified environmental and health hazard of plastic 

polymers, hazard scores of thermoplastic and thermosetting polymers were 

ranked for monomer chemicals in plastics [8]. To begin with the survey, the 

plastic monomers were reviewed for their chemicals and the composition 

ratios in manufacturing. The monomer chemicals were classified into the 

hazard class with the criteria taken from the Annex VI in the EU classification, 

labelling and packaging (CLP) regulation, based on the UN Globally 

Harmonized System (GHS). The hazard level I-V was given to the hazard 

class: the level V and IV were based on the criteria from the Swedish 

Chemical Agency for “phase out” substances and “risk reduction” substances, 

and the criteria for level I-III was developed by evaluating and comparing 

hazard categories in the Globally Harmonized System (GHS). The hazard 

grade from 1-10000 was given to each hazard class for level I-V; the score 

was increased 10 time per level. The lowest hazard level (level I) is scored to 

be 1 for the minimum, while the score 10000 was given to the chemical in the 

highest hazard level (level V). In detail, one plastic component may be 

included more than one monomer, and the chemical in monomer can be 

classified into various hazard class. The hazard ranking score of plastic (Sn), 

exampled in Table 2.4, is the summation of the score of each monomer 

chemical weighted by the ratio of a manufacturing. The sum of the hazard 

ranking score of plastic polymers (Sn) multiplied by the ratio of plastic in the 

total contaminated MPs (
Cn

Ctotal
) would be the polymer risk index (Hr

MPs) or the 

toxic-response factor in potential ecological risk assessment for microplastic 

contamination. 

The potential ecological risk factor of microplastic (Er
MPs) is 

determined by using the contamination factor (Cf
MPs) and the polymer risk 

index (Hr
MPs) of contaminated MPs. The initial assessment requires: the 

concentration of total contaminated MPs, background concentration of MPs, 
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and the concentration of plastic type in detected MPs. However, the toxic of 

microplastic contamination may be not caused from only monomer chemicals. 

There are several additive chemicals added to modify plastic properties [100], 

and the MPs are possible to accumulate the toxicant from the contaminated 

environment [92, 94]. The pollution assessment of MPs should be complex 

evaluation for the risk of plastic monomers and the risk of the other co-toxic 

contaminants. 

Table 2.4 Hazard score of plastic polymers based on monomer chemical [8] 

Plastic type Hazard score of plastic polymers (Sn) 

Polyacrylonitrile (PAN) 11521 

Styrene-acrylonitrile (SAN) copolymer 2788 

High-impact polystyrene (HIPS) 1628 

Polymethyl methacrylate (PMMA) 1021 

Melamine-formaldehyde resin (MF) 882 

Polyphenylene oxide (PPO) 400 

Polyacrylic acid (PAA) 230 

Polyamide 6-nylon-6 50 

Expanded polystyrene (EPS) 44 

Polystyrene (PS) 30 

Low density polyethylene (LDPE) 4 

High density polyethylene (HDPE) 4 

Polypropylene (PP) 1 

2.6 Contamination of microplastics in the inner Gulf of Thailand 

The inner Gulf of Thailand (GT), the valuable marine resource for economic 

and marine-ecological services of Thailand, is the semi-enclose coastal sea bordered 

by land in 3 sides. The circulation of the inner GT are variated by seasonal monsoon 

[57, 101]. In short, the counterclockwise circulation in the gulf was influenced by 

northeast monsoon in period of October to February; on the other hand, southwest 

monsoon in June to September affected the additional clockwise circulation from 
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western part of the gulf. Passing natural conservation area, agricultural area, urban 

communities, and industries, four major rivers, including Maeklong, Tachin, Chao-

Phraya, and Bangpakong River, are input nutrients and pollutants to the gulf. Briefly, 

the inner GT is the sink of pollutants loaded from land.  

The evidence of MPs contamination in the inner GT were found in sessile 

invertebrates in the eastern coast, surface water, and bottom sediment. Sampled from 

beaches in coastal fishery village (Angsila beach), local tourist destination (Bangsaen 

beach), and the Royal Thai Naval base (Samaesarn beach), three invertebrate species 

(namely, the striped barnacles Balanus amphitrite, the periwinkle Littoraria sp., and 

the rock oyster Saccostrea forskalii) were contaminated with MPs at rates of 0.2–0.6 

particles/g [56]. Rod shaped and fragmented synthetic fibers of PA and PET particles 

were significantly detected in the specimen samples, whereas PS particles were 

detected in lower amounts. The contamination of MPs in surface waters of Chap 

Phraya River were detected with the abundance in the range of 0.16-120 pieces/m3 

[25, 52, 53]. The investigation found that the tidal cycle of the river estuaries affected 

the abundance of MPs in surface water, which was directly varied by tidal amplitude 

[53]. Analysis of MPs in core collected sediments, dated by radio nuclides (137Cs), 

reveals no contamination of MPs in 44-46 cm layer (1960s), and the contamination of 

plasticles such as PE, PS, polyacrylates, polycaprolactone, polyethylene propylene 

copolymer, ethyl vinyl acetate significantly increased in the 6-12 cm layer (1990s) to 

the surface layer (2000s) [17]. The profile of plastics in sediments suggests that the 

onset of large plastic consumption in Thailand started in the 1960s and continuously 

increases. The occurrence and distribution of MPs in surface sediments of the Gulf of 

Thailand found the abundance of MPs in the average of 150.4 pieces/kg DW with 

high abundance at the south-east of the inner GT [41]. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER III 

INFLUENCE OF SEASONAL VARIATION ON DISTRIBUTION 

CHARACTERISTICS OF MICROPLASTICS IN SURFACE WATER 

Surface water was proposed to be the main influence in transportation and 

transformation of microplastics (MPs). In this study, the surface water contamination, 

and effects of seasonal variation on distribution of microplastics in the inner Gulf of 

Thailand (GT) were revealed. The surface waters were sampled from the Maklong 

(MK), Tachin (TC), Chao-phraya (CP), and Bangpakong (BK) river estuaries and 

coastal sea of the inner Gulf of Thailand (GT) in northeast monsoon period 

(December 2017), dry season (April-May 2018), and wet season (July-August 2018). 

The microscopic analysis found total MPs contamination averaged 8.70 piece/L in dry 

season and 34.59 piece/L in wet season, while that was 9.97 pieces/L in northeast 

monsoon period. The contamination of MPs was significantly increased in wet 

season. FTIR microscopic spectrometry confirmed polypropylene, polyethylene, and 

polytetrafluoroethylene were the main composition of MPs in surface water with 

proportion of 27%, 20%, and 14%, respectively. More variation of plastic types was 

observed in wet season. Contaminated MPs were classified to be broken plastics, 

filamentous plastics, and smooth/spongy plastics. Distribution of MPs showed high 

accumulation in gyres and strong relation with the seasonal surface current. Oxidative 

functional groups were observed in the chemical structure of plastics. The results 

suggest that most MPs may be sourced from land-based activities and transported by 

river run-off. 

3.1 The significance of microplastics contamination in surface water 

Plastics are occurred in everywhere. All daily used product can be constructed 

by plastic materials, and the waste from the end of this plastic product life is needed 

to be systematic controlled. Mismanage plastic debris was released and contaminated 

in the environment. At the last, the debris ether from land-based activities or marine-

based activities were ended in the aquatic system. Since the plastic debris was 

entered, it was floated, transported, and transformed by dynamic conditions of the 

surface water before it was submerged to the water column and the sediment system. 
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Plastic debris is not only be carried in surface water to the ocean, but it also be 

fragmented to smaller size of plasticles by physical, chemical, and biological 

processes of the marine ecosystem. Microplastics (MPs) have been defined as 

fragmented plastic-particles (plasticles) that less than 5 mm from both manufacturing 

process (primary MPs) and fragmentation of large plastic debris (secondary MPs). 

Ubiquitously, both primary and secondary MPs were continuously fragmented. After 

stirred in saltwater, the tear and crack line on surface of PE-pellets were observed, 

moreover, a carbonyl group or a marker of oxidation was signed after a 6-week of the 

exposure [102]. Specifically, the weathering process of was significantly influenced 

by water, temperature, and oxygen availability [103]. As small as the fragmented 

particles were, the contamination of MPs seems to be a trouble in ecosystem. For 

example, contamination of polystyrene micro-particles results inhibition of 

photosynthesis and respiration of phytoplankton, the primary producer of the aquatic 

environment [104]. Importantly, persistent organic pollutants and heavy metals tend 

to be accumulated on MPs surface [105]. The research has a concern that MPs are the 

vector for toxic transportation. 

Contamination of MPs in surface water pose to be the role of their 

transformation and accumulation in the other area. Addition to photo-degradation and 

thermal degradation on the beach, tidal current water and wave induced the debris was 

physically fragmented via collisions and abrasion from rocks and sand. The 

investigation of MPs on beach suggested that the fragmented small plastics were 

either backwashed from the beach to the sea [77] or accumulated from the sea to the 

beach [106]. Moreover, the contaminations in river estuaries and river creeks 

indicated MPs were transported from sources, especially urban area, by water runoff 

[12, 21, 107-109]. At the end of the pipe, MPs were transported to the sea. It, 

however, is not the end of the MPs life, the plastic particles were adhered with 

biofilm, formed feces pellets, and flocculated suspended solid aggregation. By the 

experiments, biofouling on plastics surface was formed in 1-2 weeks after submerged 

plastics to the seawater [63, 80]. Characterization of biofilm colonization of seawater 

incubated plastics founds pioneer bacteria first layer attachment in 7 days after that 

the formation of exopolymer substance matrix was observed in 15-22 days [110]. The 

interaction between MPs and suspended solids in water showed significant 
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aggregation that developed the negative buoyant and caused MPs sunk from surface 

water [111, 112]. The hetero aggregation of phytoplankton and MPs also be 

developed after plankton exposed MPs in culture media [81, 82]. These phenomena of 

MPs were considered for vertical transportation via increasing plastic density that 

affected plasticles sunk in water column. The experiment founded that sinking of MPs 

was depended on size, shape, and types of the plasticles which are related to density 

and buoyancy [112-114]. In general, it is accepted that the horizontal and vertical 

distributions of MPs are the result of environmental induced factors and that of plastic 

particle characteristics. 

As microplastics in surface water are the initial-transformed phase of the 

contamination, the dynamic hydro-ecological influences have been discussed that they 

distributed MPs thorough the marine ecosystem. The inner Gulf of Thailand (GT), 

semi-enclosed gulf with riverine input and multi-activities, was the significant area for 

studying the distribution of MPs. The effects of seasonal change on the contamination 

of MPs were necessary for the knowledge in fate and transportation of MPs. With 

hypothesis that MPs were loaded from land around the gulf, this work aims to 

quantify contamination of MPs and characterize effects of environmental factors on 

spatial and seasonal distribution of MPs in surface water. 

3.2 Analysis of microplastic in surface water 

3.2.1 Surface water sampling 

The surface waters were sampled in dry season (April-May 2018) and 

wet season (July-August 2018) from Mae Klong (MK), Ta Chin (TC), Chao 

Praya (CP), Bang Pakong (BK) river estuaries and the coastal sea of the inner 

Gulf of Thailand (GT) (Figure 3.1). The area coastal sea was categorized into 

4 sub-area: north-the inner GT (N-GT), west-the inner GT (W-GT), east-the 

inner GT (E-GT), and center-the inner GT (C-GT). Additionally, the water 

samples also be collected in the northeast monsoon period (December 2017), 

but the sampling area was not included the river estuaries. The surface water 

samples (0-0.5 m) were collected from 25 sampling stations in northeast 

monsoon period, 74 sampling stations in dry season, and 70 sampling stations 
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in wet season. The volume reduction of defined mesh size plankton net was 

used concentrate solid particulate. In detail, water samples of 0.1 m3 collected 

by clean bucket were filtered by 80 μm-plankton net, the samples collected by 

submersible pump were filtered by 22 μm-plankton net, and the volume of 

pumped samples were calculated by the average of 100-L-water suction flow 

rates before and after filtration. The filtered solids of samples were transferred 

to cleaned new polypropylene (PP) bottles. After collected, all samples were 

kept in cold and dark before analysis. 

 
Figure 3.1 Surface water sampling stations of the inner Gulf of Thailand  
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3.2.2 Quantification of microplastics 

The analysis procedure of MPs in this study was applied from National 

Oceanic and Atmospheric Administration of United States’ the laboratory 

method for analysis of MPs in the marine environment: recommendations for 

quantifying synthetic particles in water and sediment [59]. 

1) Size fractionation 

The heterogeneous sizes of suspended solids in water samples were 

sieved to defined sizes, using nylon sieves in size of 100-300, 300-1000 μm 

and metal ASTM laboratory test sieve (Endecotts, England) in size of 1000-

5000 μm. The sieved particles were rinsed with distilled water for removing 

dissolved solids in seawater, and those were transferred to oven dry at 60 ºC. 

2) Density separation 

The organic matter in dried solids from water samples that defined 

sizes was removed by wet peroxide oxidation (WPO) in 75 ºC using H2O2 and 

FeSO4. NaCl powder (6 g of NaCl per 20 mL of solution) was added to the 

samples after the end of WPO for increasing the solution density. Then, the 

mixture was transfer to the separation unit for settling the non-plastic residues. 

The settle partition was discarded. After that, the floating MPs were washed 

with saturated NaCl solution, while settle residues were discarded 2-3 times. 

Finally, MPs were filtrated on pre-weight Track-Etched polycarbonate 

membranes (Whatman, Nuclepore 25 mm, 12 μm). 

3) Quantitative analysis 

After filtration, number of MPs with the shapes (fiber, film, foam, 

fragment, and pellet) modified from Crawford and Quinn 2017 [60] (Table 2.2) 

was counted under stereo microscope (Shodensha, NSZ-405J3). The colors of 

MPs were categorized to be red, blue, green, brown, black, white, transparent, 

and the others. MPs with membrane were dried at 65 ºC and stored in 

desiccator. The membrane before and after filtration were gravimetrically 

analyzed by 5-digit balance (Mettlertoledo, S/N: 1128180269). The MPs in 

each shape for 3932 pieces for total were picked-up under microscope, and the 
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functional groups of those were analyzed by Fourier-Transform infrared 

microscope with transmission mode (Bruker, Lumos II). The plastic types of 

the samples were identified by compare similarity of the analyzed spectrum 

and the reference plastic spectrum. Accordingly, non-plastic materials, such as 

cotton and wool, were identified account for 9% of total sampled particles. 

Quality control of analysis was operated with blank samples and 

commercial grade of green polyethylene (G-PE) spiked samples. The blank 

samples were analyzed by using distilled water passed the sieving unit as same 

as the method of water sample analysis. The counted and weighted particles in 

blank samples were used as a background concentration of all water sample 

analysis. In spited samples, G-PE (106-212 μm) was counted and weighted, 

then those were spiked to water samples collected by filtrating 100 L of 

surface water to 22 μm of plankton net. The G-PE was also spiked to distilled 

water and treated with WPO. No physical changes, both shape and color, were 

observed in G-PE after treatment. Amount of G-PE in the process samples was 

counted, weighed, and compared with non-process spike G-PE. Accordingly, 

the percentage of spiked G-PE recover was 106±11%, indicated the analytical 

procedure of this study was suitable for separating MPs from water samples. 

3.2.3 Related factor analysis 

Surface water dynamic were hypothesized that it influenced the spatial 

distribution of microplastics. Hydrological characteristics, water quality and 

elementary productions in pelagic food chain of the study area were parallelly 

investigated with recognized procedures (Table 3.1). Those investigated 

parameters were published in Development of Socio-Ecological Based 

Effective Fishery Management Policy for Good Governance in Sustainable 

Fishery of the Inner Gulf of Thailand [58]. 
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Table 3.1 Analysis of hydrological characteristics, water quality and elementary 

productions in surface water 

Parameters Analytical methods 

Average residence time Remnant function [115] 

Surface water current Delft3D Numerical model 

Salinity (Sal) Field measurement by multi-parameter 

water quality monitor (YSI 6600) Dissolved oxygen (DO) 

Total suspended solids (TSS) Gravimetric method 

Dissolved inorganic-nitrogen (DIN) Automated nutrient analyzer (Skalar, 

The SANplus Segmented flow analysers) Ammonium-nitrogen (NH4
+-N) 

Nitrate/nitrite-nitrogen (NO3
--N) 

Orthro phosphate-phosphorus (PO4
3--P) 

Silicate-silicon (Si(OH)4-Si) 

Total particulate phosphorus (TPP) Spectrophotometry 

Total dissolved phosphorus (TDP) 

Total phosphorus (TP) 

Chlorophyll a (Chl) 

Abundance of phytoplankton (AP) 15-µm-plankton net filtration and 

microscopic quantification 

Abundance of fish larvae (AFL) 330- and 500-µm-bongo net horizontal 

towing and microscopic quantification 

3.2.4 Contamination characteristic analysis 

1) Abundance of microplastics 

Number of MPs in total and each shape was calculated in the unit of 

‘pieces/L’. From gravimetrical analysis, quantitative data was presented in the 

unit of ‘ng/L’ for water samples. The size fraction and diversity in shape and 

color of MPs were calculated by the number of MPs per unit of media and 

weight of MPs per unit of media, if they were applicable. 
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2) Oxidative index 

According to FTIR spectrum analysis, the oxidative functional groups 

in plastic structure were observed. Three oxidative indexes were used as the 

scale for comparing oxidation level. The indexes were calculated as the ratios 

of integrated intensities for different wavelength as follows:  

Carbonyl index (CI) =
I1970−1560

I1540−1450
  for C=O bonds, 

Hydroxyl index (HI) =
I3900−3200

I1540−1450
  for O-H bonds, 

and Vinyl index (VI) =
I940−885

I1540−1450
  for C=C bonds. 

3) Statistical analysis 

Mean value of MPs in pieces/L and that in ‘ng/L’ were represented the 

contamination. All data were logarithmic transformed for normal distribution 

and analyzed as parametric statistics. The multi-analysis, including 

independent student T-test, multi-analysis of covariance (MANOVA) and 

post-hoc test by Duncan’s equal variances assumed, was performed for 

describing effects of seasons and sampling areas, and that of size, shapes, and 

colors of MPs. Factor analysis with factor extraction of Principle Component 

Analysis (PCA) was performed for composition of MPs characteristics. The 

relation between MPs detected units (piece/L and ng/L) and that between 

abundance of MPs (piece/L) and environmental factors were validated using 

Pearson’s correlation. All statistical analysis was contributed with 95% 

confidence intervals (significance level 0.05). 

4) Spatial data analysis 

The spatial distributions of MPs were performed by using geostatistical 

analysis with Inverse Distance Weighting (IDW) interpolation of ArcGIS®. 
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3.3 Contamination of microplastics in surface water 

The contamination of MPs in actual size of 100-5000 μm was investigated in 

surface water. Figure 3.2 illustrates the examples of observed MPs for varied shape 

characteristics. The investigation observed specific characteristics of abundances, 

characteristics, and distributions of each categorized MPs. 

(a) (b) 

  
(c) (d) 

  
(e) 

 
Figure 3.2 Microplastics in surface water of the inner Gulf of Thailand with the 

shapes of pellet (a), fragment (b), fiber (c), film (d), and foam (e)  
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3.3.1 Abundance of microplastics 

In average, the surface water contamination of total MPs in the overall 

of the study areas was 21.29±36.21 pieces/L (4±4 ng/L). The contamination 

was greatly increased from the average of 8.70±15.34 piece/L (4±4 ng/L) in 

dry season to that of 34.59±46.02 pieces/L (5±4 ng/L) in wet season. The 

statistical analysis found the total MP concentration in “pieces/L” was found 

to be significantly higher in the wet season (p < 0.01), the significant positive 

relationship between the unit of ‘piece/L’ and ‘ng/L’ (R=0.357, p<0.01). 

Compared to the contamination in the northeast monsoon period (December 

2017), the concentration of MPs during the monsoon transition period (the dry 

season) decreased non-significantly from 9.97±18.55 pieces/L to 8.70±15.34 

pieces/L (p > 0.05). It could be inferred that the contamination of MPs in 

northeast monsoon period were similar level with the dry season. The 

contaminations of MPs between dry and wet seasons were specified for the 

effects of seasonal variation. 

The difference of the contamination in each estuary and costal sea zone 

was found in both seasons (Figure 3.3). In dry season, total MPs in river 

estuaries (MK, TC, CP, and BK) were not statistically differ, while the slightly 

accumulating of MPs in costal GT (N-GT, E-GT, W-GT, and C-GT) was 

significantly higher for the number of plasticles. On the opposite in wet 

season, the contamination was magnified in the estuaries. The critical area of 

contamination was TC with the average concentration of 108.77±52.33 

piece/L (6±3 ng/L). However, the similar in difference patterns of both 

seasons seems to be observed in the gravimetric weight of plasticles, but that 

more significantly fluctuate in the costal sea.  

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

46 

 

(a) 

 
(b) 

 
Figure 3.3 Total microplastics in surface water of dry season () and wet season 

() of the inner Gulf of Thailand for the number of plasticles (a) and 

gravimetric weight of plasticles (b)  
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The contamination of MPs depended on the study area, and it is 

strongly related by the detectable size of them. The comparison of the 

contamination of MPs between the different areas needs to be carefully 

attended because there is no standard procedure for MPs analysis. This study 

suggests that the sampling methods and the minimum of detectable size in the 

investigation should be reported in the comparison. As the concentration of 

detected MPs were revealed in Table 3.2, the contamination of MPs in the 

inner GT seems to be higher than the other area though it is essential to note 

that there was the difference in size of detected MPs. The minimum detectable 

size of MPs directly impacts their abundance detected in the samples. 

According to the mesh size of sampling net, the detected MPs in net tow 

sampling were relatively lower than that in grab or pump sampling. For 

example, the total abundance of MPs in Bohai sea, China was increased with 4 

orders of magnitude when the detected size of MPs was reduced from 330 µm 

to 5 µm [14, 42]. If considered about detectable size variation, the abundance 

of MPs between different area cannot be competed, but the trend of the 

investigation should be considered. This study suggests that the minimum size 

of detected MPs should be regulated for the standard. The concentrations of 

MPs can be more accurately determined if smaller sized MPs are analyzed. 

However, the detectable size of MPs is limited by sampling and analytical 

procedures. Accordingly, the minimum size of detection may be reduced, but 

the abundance of MPs should be reported for the size of 300 µm and lower 

than 300 µm as it can be compared with the most study that use 300 µm 

neuston nets for water sampling. 

The abundance of MPs presents the number of plasticles. In deep, the 

characteristics of MPs are important to be reported. As same as the variety of 

plastic materials, the fragmentation of MPs may result different physical and 

chemical characteristics. The quantitative details of MPs may specify the 

properties of them, and those may be inferred to the plastic products or the 

sources of MPs.  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

48 

 

  

T
a
b

le
 3

.2
 

T
h
e 

co
m

p
ar

is
o
n
 o

f 
m

ic
ro

p
la

st
ic

s 
ab

u
n
d
an

ce
 i

n
 s

u
rf

ac
e 

w
at

er
s 

C
o
n

ta
m

in
at

io
n

 a
re

a 
S

am
p
li

n
g
 m

et
h

o
d

 
A

v
er

ag
e 

ab
u
n

d
an

ce
 

(p
ie

ce
s/

L
) 

M
in

im
u
m

 s
iz

e 

(µ
m

) 

G
ar

o
n

n
e 

R
iv

er
, 

F
ra

n
ce

 [
1

] 
5

0
0

-µ
m

 m
es

h
 n

et
 t

o
w

 
1
.5

 x
1
0

-4
 

5
0

0
*

 

T
o

k
y

o
 B

ay
, 

Ja
p

an
 [

1
0

] 
3

5
0

-µ
m

 m
es

h
 n

et
 t

o
w

 
3
.9

8
 x

1
0

-3
 

1
0

0
 

S
o

u
th

er
n

 O
ce

an
 [

1
5

] 
3

5
0

-µ
m

 m
es

h
 n

et
 t

o
w

 
3
.1

x
1
0

-5
 

1
0

0
 

B
ay

 o
f 

B
re

as
t,

 F
ra

n
ce

 [
4

] 
3

3
5

-µ
m

 m
es

h
 n

et
 t

o
w

 
2
.4

x
1
0

-4
 

3
3

5
 

K
in

g
st

o
n

 H
ar

b
o

u
r,

 J
am

ai
ca

 [
2

7
] 

3
3

5
-µ

m
 m

es
h
 n

et
 t

o
w

 
7
.6

 x
1
0

-4
 

3
3

5
 

C
h
ab

ah
ar

 B
ay

, 
Ir

an
 [

3
8

] 
3

3
3

-µ
m

 m
es

h
 n

et
 t

o
w

 
4
.9

 x
1
0

-4
 

1
0

0
 

S
o

u
th

ea
st

er
n

 c
o

as
t 

o
f 

K
o

re
a 

[3
9

] 
3

3
3

-µ
m

 m
es

h
 n

et
 t

o
w

 
0
.2

6
-1

.5
6
 

3
3

0
 

B
al

ea
ri

c 
Is

la
n

d
s,

 S
p

ai
n

 [
4

0
] 

3
3

3
-µ

m
 m

es
h
 n

et
 t

o
w

 
3
.1

9
 x

1
0

-3
 

3
3

3
 

E
as

t 
C

h
in

a 
S

ea
, 

C
h

in
a 

[1
2

] 
3

3
3

-µ
m

 m
es

h
 n

et
 t

o
w

 
1
.6

7
 x

1
0

-4
 

5
0

0
 

B
o
h
ai

 s
ea

, 
C

h
in

a 
[4

2
] 

3
3

0
-µ

m
 m

es
h
 n

et
 t

o
w

 
3
.5

 x
1
0

-4
 

3
3

0
*

 

T
am

p
a 

B
ay

, 
U

S
A

 [
2

0
] 

3
3

0
-µ

m
 m

es
h
 n

et
 t

o
w

 
4
.5

 x
1
0

-3
 

3
3

0
*

 

C
h
ao

 P
h

ra
y

a 
R

iv
er

, 
T

h
ai

la
n

d
 [

2
5

] 
3

0
0

-µ
m

 m
es

h
 n

et
 t

o
w

 
0
.0

8
 

3
0

 

B
en

o
a 

B
ay

, 
In

d
o

n
es

ia
 [

4
3

] 
3

0
0

-µ
m

 m
es

h
 n

et
 t

o
w

 
6
.2

 x
1
0

-4
 

2
0

0
 

G
u
an

ab
ar

a 
B

ay
, 

B
ra

zi
l 

[4
4

] 
3

0
0

-µ
m

 m
es

h
 n

et
 t

o
w

 
7
.1

 x
1
0

-3
 

3
5

5
 

T
h

e 
so

u
th

er
n

 N
o

rt
h

 S
ea

 [
3

0
] 

1
0

0
-µ

m
 m

es
h
 n

et
 t

o
w

 
0
.0

3
 

1
1

 

S
o

u
th

ea
st

er
n

 c
o

as
t 

o
f 

K
o

re
a 

[3
9

] 
5

0
-µ

m
 m

es
h
 n

et
 t

o
w

 
6
.2

 x
1
0

-4
-0

.8
6

 
5

0
 

*
T

h
e 

m
es

h
 s

iz
e 

o
f 

n
et

 o
r 

fi
lt

er
 w

as
 d

ef
in

ed
 a

s 
th

e 
m

in
im

u
m

 s
iz

e 
o
f 

M
P

s 
b
ec

au
se

 n
o

 m
in

im
u

m
 s

iz
e 

w
as

 r
ep

o
rt

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

49 

 

  

T
a
b

le
 3

.2
 

T
h
e 

co
m

p
ar

is
o
n
 o

f 
m

ic
ro

p
la

st
ic

 a
b
u
n
d
an

ce
 i

n
 s

u
rf

ac
e 

w
at

er
s 

(c
o

n
ti

n
u
o
u
s)

 

C
o
n

ta
m

in
at

io
n

 a
re

a 
S

am
p
li

n
g
 m

et
h

o
d

 
A

v
er

ag
e 

ab
u

n
d

an
ce

 

(p
ie

ce
s/

L
) 

M
in

im
u
m

 s
iz

e 

(µ
m

) 

C
h
ar

le
st

o
n

 H
ar

b
o

r,
 U

S
A

 [
3

] 
S

u
rf

ac
e 

m
ic

ro
la

y
er

 c
o
ll

ec
ti

o
n
 a

p
p

ar
at

u
s 

6
.6

 
6

3
 

W
in

y
ah

 B
ay

, 
U

S
A

 [
3

] 
S

u
rf

ac
e 

m
ic

ro
la

y
er

 c
o
ll

ec
ti

o
n
 a

p
p

ar
at

u
s 

3
0

.8
 

6
3

 

N
o
rt

h
 Y

el
lo

w
 S

ea
, 
C

h
in

a 
[5

] 
P

u
m

p
 a

n
d
 f

il
tr

at
io

n
 

0
.5

5
 

3
0

 

N
o
rd

ic
 S

ea
s 

[7
] 

P
u

m
p
 a

n
d
 f

il
tr

at
io

n
 

1
.1

9
-2

.4
3
 

5
0

*
 

C
h
an

g
ji

an
g

 e
st

u
ar

y
, 
C

h
in

a 
[1

2
] 

P
u

m
p
 a

n
d
 f

il
tr

at
io

n
 

4
.1

4
 

5
1

 

S
o

u
th

 Y
el

lo
w

 S
ea

, 
C

h
in

a 
[1

3
] 

P
u

m
p
 a

n
d
 f

il
tr

at
io

n
 

4
.5

-6
.5

 
5

0
*

 

B
o
h

ai
 s

ea
, 
C

h
in

a 
[1

4
] 

G
ra

b
 s

am
p
li

n
g
 a

n
d

 f
il

tr
at

io
n

 
2
.2

 
5

*
 

C
iw

al
en

g
k

e 
R

iv
er

, 
In

d
o

n
es

ia
 [

6
] 

G
ra

b
 s

am
p
li

n
g
 a

n
d

 f
il

tr
at

io
n

 
5
.8

5
 

5
0

 

U
rb

an
 e

st
u

ar
y

 i
n

 G
u

lf
 o

f 
M

ex
ic

o
, 
M

ex
ic

o
 [

1
9

] 
G

ra
b
 s

am
p
li

n
g
 a

n
d

 f
il

tr
at

io
n

 
1

5
1
 

1
0

 

T
am

p
a 

B
ay

, 
U

S
A

 [
2
0

] 
G

ra
b
 s

am
p
li

n
g
 a

n
d

 f
il

tr
at

io
n

 
0

.9
4
 

1
.2

*
 

S
m

al
l-

sc
al

e 
es

tu
ar

ie
s,

 S
h

an
g

h
ai

, 
C

h
in

a 
[2

1
] 

G
ra

b
 s

am
p
li

n
g
 a

n
d

 f
il

tr
at

io
n

 
2
7

.8
4
 

1
0

*
 

S
u

ra
b
ay

a,
 I

n
d

o
n

es
ia

 [
2

3
] 

G
ra

b
 s

am
p
li

n
g
 a

n
d

 f
il

tr
at

io
n

 
0
.4

9
 

2
0

0
*

 

K
u
ak

a 
N

er
u

s,
 M

al
ay

si
a 

[2
8

] 
G

ra
b
 s

am
p
li

n
g
 a

n
d

 f
il

tr
at

io
n

 
0
.1

3
-0

.6
9
 

2
0

*
 

K
u
an

ta
n

, 
M

al
ay

si
a 

[2
8

] 
G

ra
b
 s

am
p
li

n
g
 a

n
d

 f
il

tr
at

io
n

 
0
.1

4
-0

.1
5
 

2
0

*
 

N
ak

d
o
n

g
 R

iv
er

, 
S

o
u

th
 K

o
re

a 
[3

6
] 

G
ra

b
 s

am
p
li

n
g
 a

n
d

 f
il

tr
at

io
n

 
0
.2

9
-4

.8
 

2
0

*
 

M
o

n
as

 R
iv

er
 B

as
in

, 
C

h
in

a 
[3

7
] 

G
ra

b
 s

am
p
li

n
g
 a

n
d

 f
il

tr
at

io
n

 
1

4
-1

7
 

1
0

0
 

T
ap

i-
P

h
u

m
d

u
an

g
 R

iv
er

, 
T

h
ai

la
n

d
 [

2
4

] 
G

ra
b
 s

am
p
li

n
g
 a

n
d

 f
il

tr
at

io
n

 
0
.3

3
-1

.7
7
 

0
.3

3
*

 

T
h

e 
in

n
er

 G
u

lf
 o

f 
T

h
ai

la
n

d
 (

th
is

 s
tu

d
y

) 
P

u
m

p
 a

n
d
 f

il
tr

at
io

n
 

8
.7

0
-3

4
.5

9
 

1
0

0
 

*
T

h
e 

m
es

h
 s

iz
e 

o
f 

n
et

 o
r 

fi
lt

er
 w

as
 d

ef
in

ed
 a

s 
th

e 
m

in
im

u
m

 s
iz

e 
o

f 
M

P
s 

b
ec

au
se

 n
o

 m
in

im
u

m
 s

iz
e 

w
as

 r
ep

o
rt

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

50 

 

3.3.2 Characteristics of microplastics 

Characteristics of MPs including sizes, shapes, colors, and polymer 

types were investigated for the composition of them in dry and wet seasons 

(Figure 3.4). The dominant plasticles in surface water were in actual size of 

100-300 μm (65-66%), in color of transparent (72-90%), and in proportion of 

polypropylene (26-28%) in both seasons. However, the majority shape of MPs 

was film (64%) in dry season while that were fiber (57%) in wet season. 

Although PP was the main plastic type of both seasons, the number of plastic 

types increased from 32 in the dry season to 42 in the wet season. The 

variation of MPs properties was found in each season. Moreover, these 

characteristics have been discussed in fate and transportation of MPs even 

though that in their impacts in the aquatic environment. 

Size of particles is the key characteristic for indicating MPs. The small 

size of MPs is defined as the result of manufacturing process (primary-MPs) 

and that of environmental fragmentation (secondary-MPs). Likewise, the large 

size of MPs is tended to be fragmented. In this study, the size fractions of the 

MPs in both seasons were similar form that were high abundance in small size 

of 100-300 μm, then the fraction was reduced in larger size (Figure 3.4 (a)). 

However, it is necessary to note that the size of MPs reported in this study is 

the actual size of MPs, the size of MPs with fouling and aggregation. Small 

MPs are probably to be sticked on solid particle, and they may be ingested by 

biotas; as a result, MPs were accumulated into large particles. The evidence of 

aggregation of MPs with the other particle was revealed in this study by 

detected smaller size of MPs than the sieved size of MPs sample. However, 

the decreasing size of plasticles during WPO process also be possible. To 

detect the real size of MPs, disaggregation process before sieve is required, or 

the size of MPs might be re-measured after the finish the organic digestion. 

Similarly, the other visually observed characteristics of MPs should be 

investigated after the organic content was removed. 
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Dry season Wet season 

(a)  

  
(b)  

  
(c)  

  
(d)  

  
Figure 3.4 The composition of sizes (a), shapes (b), colors (c), and polymer types 

(d) of microplastics in surface water of the inner Gulf of Thailand 
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Shape of MPs (Figure 3.4 (b)) may roughly refer to plastic products. 

The FB-MPs is possible to be sourced from fibrous material such as the 

synthetic fiber in clothing products and the fishing accessories. While the PL-

MPs, a smooth surface MPs, may be indicated to new MPs or the primary 

MPs, the FR-MPs may be referred to broken-plastic or the secondary MPs, in 

the other word. Beside the shape, the color (Figure 3.4 (c)) also be briefly 

represented the age of plastics. The white or transparent colors with smooth 

surfaces of MPs represented to the new plastics, while the pale or brown colors 

with a cracked surfaces were often referred to the aged plastics [106]. In fact, 

the aging properties, distribution, and toxic of plastics also be proportionally 

related with the chemical structures of them. 

Plastic type, polymeric structure, was addressed the plastic materials 

although it is not evidently and precisely accounted the specific plastic 

products. For instance, the polyethylene film-MPs might be sourced from 

plastic bag or film-like products. However, the polymeric investigation of 

marine MPs may not represent to the accurate sources of the contamination at 

this time. Importantly, the polymer type is mainly response to the plastic 

density influenced the fate, transportation, and toxic from additive chemicals 

of MPs. In short, the plastics with the density higher than the density of water 

(1.0 g/cm3) should be settled to water column and sediment system.  

The characteristics of MPs represent the specificity in plastic 

transformation and transportation. The increase in large MPs with transparent 

color indicates that new MPs were more discharged in wet season. The 

variation in shapes and polymer types infers to the difference in plastic 

utilization and discharging in each season. In short, the transportation of MPs 

may be regulated by environmental based factors (season and area) and 

plasticle based factors (size, shape, color, and plastic type). 

1) Physical characteristics 

The effects of seasons, stratified areas, and physical characteristics on 

the abundance of MPs were significance. Based on seasons and areas, the 

interaction between observed characteristics on abundance of MPs were 
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statistical significance for: 1) sizes and shapes (p=0.020), and 2) shapes and 

colors (p=0.000). In the other words, the sizes of MPs contaminated in each 

season and zone were linked with the shape, and those shapes were specific in 

colors, but the colors of MPs were the same proportion in all categorized sizes. 

Quantity of MPs detailed in shape and size was varied on the 

contamination zones and seasons (Figure 3.5 and Figure 3.6). In both seasons, 

the number of MPs were inversed with the size of particles in most shape 

categories. While film-, fragment-, and fiber-MPs were the major shapes of 

MPs, pellet- and foam-MPs (100-1000 µm) were abundant in surface water of 

river estuaries in dry season. Dissimilarly in wet season, the contamination 

characteristic was diverted. MPs in wet season was enhanced, significantly in 

all river estuary and in some coastal area. Fiber-MPs were dramatically raised 

in Ta Chin River estuary and East-the inner GT. Pellet-MPs in particle 1000-

5000 µm were increased in Ta Chin River estuary while those in particle 100-

1000 µm were reduced. In addition, pellet contaminations were slightly shifted 

to coastal sea zones. The contamination characteristic of shapes and sizes 

reveled the heterogenous of MPs was affected by area-based sources and 

seasons. However, that of shapes and colors also indicated the variety of 

physical properties in MPs.  

High variety of colors was evidently found in fragment-MPs and fiber-

MPs although transparent, brown, white, and black were the dominant color of 

MPs (Figure 3.7 and Figure 3.8). In the river estuaries and center-the inner 

GT, more colored MPs were contaminated in dry season than those were in 

wet season. Additionally, the proportion of transparent MPs, especially fiber-

MPs, was increased in wet season. In this study, it is important to note that the 

colors are depended on personal detection sensitivity of analyst, and they were 

reported as qualitative characteristics for contamination. The main factors of 

MPs characteristic influenced by seasonal dynamic were mainly focused on 

the shapes and sizes. 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

54 

 

 Dry season Wet season 
M

ae
 K

lo
n
g
 R

iv
er

 e
st

u
ar

y
 

  

T
a 

C
h
in

 R
iv

er
 e

st
u
ar

y
 

  

C
h
ao

 P
h
ay

a 
R

iv
er

 e
st

u
ar

y
 

  

B
an

g
 P

ak
o
n
g
 R

iv
er

 e
st

u
ar

y
 

  

 

 
Figure 3.5 Shape and size characteristics of microplastics in surface water of the 

river estuaries, the inner Gulf of Thailand  
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Figure 3.6 Shape and size characteristics of microplastics in surface water of the 

coastal sea, the inner Gulf of Thailand  
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Figure 3.7 Shape and color characteristics of microplastics in surface water of the 

river estuaries, the inner Gulf of Thailand  
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Figure 3.8 Shape and color characteristics of microplastics in surface water of coastal 

sea, the inner Gulf of Thailand  
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2) Chemical characteristics 

Plastic type compositions of MPs were hypothesized that they were 

related with the shapes of MPs. The polymer compositions of different shapes 

of MPs are presented in Figure 3.9. Polypropylene (PP) and polyethylene (PE) 

were the common plastic types occurred in all shape of the samles although 

only PP was observed in PL- and FM- samples. It is generally to said that PP 

was ingredient of various plastic products, and it migh be fragmented to 

different shapes depened on the product characteristics and the induced forces. 

However, PE was the major plastic type in FR-MPs with 29% and 43% in dry 

season and wet season, respectively. In addition, PP was the main composition 

of FB-MPs in both seasons (39-51%), and the rayon fiber was clearly more 

identified in dry season. Interestingly, FI-MPs was the most variable in plastic 

types and polytetrafluoroethylene (PTFE) was mostly observed in FI-MPs 

samples with 33% for dry season and 28% for wet season. The observation of 

PTFE could be confiremed the effecficiency of density separation method 

because its density (2.2 g/cm3) was greater than separated solution (NaCl 

solution, 1.2 g/cm3). Because of the density of plastic, PTFE should be 

observed in sediment, as the investigation in Arctic deep-sea sediment [31]. 

However, the contamination of PTFE also be found in this study and in the 

water columns of the West Pacific Ocean and the East Indian Ocean [116]. 

The finding was discussed because they may be fragmented by anti-abrasives, 

which can consist of a protective layer of floating electronic debris, or the 

coatings applied on ships. It could be discussed that fragmented PTFE may be 

floated by the buoyancy of film characteristics. PP, PE, and PTFE were 

majority plastic type in MPs samples for FR, FB, and FI. PL- and FM-MPs 

were varied for more the other types of plastics, styrene-ethylene-butyl-styrene 

(SEBS), fibrous mixed plastic materials, polystyrene (PS), for example. The 

effects of seasonal change on MPs plastic type were discussed in the next 

topic (see 3.3.3. influence of seasonal variation on contamination of 

microplastics). Acccouted for more than 90% of MPs samples, the plastic 

proportions of FR-, FB-, and FI-MPs were analyzed for illustrating effects of 

plasticle sizes on polymeric composition.  
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Figure 3.9 Polymer types of fragment-, fiber-, film-, pellet-, and foam- 

microplastics (FR, FB, FI, PL, and FM respectively) in surface water  
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The plastics compositions varied for 100-300, 300-1000, and 1000-

5000 μm of actual sizes of MPs for FR-, FB-, and FI-MPs in estuarine water 

and coastal seawater were illustrated in Figure 3.10. In FR-MPs samples from 

esturies, PP fraction was reduced in wet season. While PP fraction in sample 

from costal sea in both seasons was a bit smaller than that from esturies, the 

fractions of  varous plastic types were increased, for example, PE, 

polyethylen/propylene copolymer (PEPP), and poly acrylic acid derivatives. 

The polymer composition may infer that PP-fragment possible to be 

released from the rivers, and the other plastics also be runoff during wet 

season as their fractions were increased. However, the reduction of PP fraction 

in coastal sea could be resulted from either the other plastics from the coastal 

sea that may be more generated or the selectively settling of PP in the water 

column. The inverse fraction characteristic was found in FB-MPs. High 

proportion of PP was detected in the large size MPs (1000-5000 μm) from the 

coastal sea, while that was detected in the small size MPs (100-300 μm) from 

the river estuaries. It should be represented the small fibrous plastic materials 

were mostly sourced from river, but the large plastic fibers were from the 

activities in the sea. In addition, the PP fiber was more released from the 

esturies in wet season. The result must be noted that these fibers, either large 

or small, were blended in both estuaries and costal sea by the hydrodynamic 

characteristics. According to plastic type composition of FI-MPs, the variation 

of plastics was observed, and it was amplified in wet season. But there was no 

clear pattern between river esturies and coastal sea. It is reasonable to said that 

the sources of FI-MPs could not be specified for river or sea. The polymer 

types of MPs indicated the plastic materials that entered to the environment 

before they were physicochemically transformed to MPs. 
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Figure 3.10 Polymer types of size varied fragment-, fiber-, and film- microplastics 

(FR, FB, and FI, respectively) in surface water of river estuaries and 

coastal sea, the inner Gulf of Thailand   
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The chemical structures of MPs were detailed for the plastic polymer 

types and the transformation of them after contaminated in the environment. 

The FT-IR spectrums (Figure 3.11) represent to the chemical structures of PP 

and PE in raw materials of commercial plastics and those of MPs samples. The 

structure of acyclic alkane hydrocarbon in PP and PE was indicated by the 

peaks at wave number of 3000-2840 cm-1 for C-H stretching. The structure of 

PP was specified by the peaks at wave numbers of 1450 cm-1 and 1375 cm-1 

for -CH3 bending, the structure of PE was presented by the peaks at wave 

numbers of 1460-1450 cm-1 for -CH2 bending and 750-700 cm-1 for C-H 

bending. Additionally, the peaks at wave numbers of 1167-1168, 998, 973 and 

841 cm-1 were the fingerprint of PP, while those of 730 and 719 cm-1 were the 

characterized peaks of PE. The new functional groups of hydroxyl group  

(-OH) (a broad peak of O-H stretching at 3200-3500 cm-1) and ether alkene 

group or carbonyl group (medium to weak peaks of C=C or C=O stretching at 

1680-1625 cm-1) were observed in polymeric structures of MPs samples. The 

additional functional groups of PE in MPs tend to be similar with the aged PE 

by the water exposed experiment that found the oxidized groups of hydroxyl 

group (-OH) and carbonyl groups (C=C and C=O) in the region of 3370-3330 

cm-1 and 1630-1600 cm-1, respectively [102, 103]. These oxidative functional 

groups linked to the age of plastic materials and may resulte to the change in 

color of the plastics. 

To evaluate the oxidation of PE [103], three oxidative indexes were 

calculated as the ratios of integrated intensities for different wavelength as 

follows:  

Carbonyl index (CI) =
I1970−1560

I1540−1450
  for C=O bonds, 

Hydroxyl index (HI) =
I3900−3200

I1540−1450
  for O-H bonds, 

and Vinyl index (VI) =
I940−885

I1540−1450
  for C=C bonds. 
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Polypropylene (PP) Polyethylene (PE) 

  
Figure 3.11 FT-IR spectrums of polypropylene (PP) and polyethylene (PE) for raw 

plastic materials (a) and those for microplastics in surface water (b) 

These three indexes were applied for evaluating the oxidation of PP 

and PE in MPs samples as they were main component account for 44% in dry 

season and 50% in wet season. CI, HI, and VI of MPs sample had a similar 

trend in each categorized shapes of PP and PE (Figure 3.12-3.14). There was 

no significant difference of oxidative indexes between the contamination in 

estuaries and coastal sea (p>0.100); however, the oxidative indexes of both PP 

and PE in large MPs significantly less than those of smaller MPs (p<0.010). 

The indexes of fiber-PP and film-PP were parallel increased in wet season 

while those of fragment-PP were decreased in wet season. the oxidative 

indexes of all shape of PE were inversed to that of PP. Additionally, the 

oxidation of fragment-PP was slightly higher than that of fiber-PP and film-

PP, but the oxidation of fiber-PE was greater than the oxidation in film-PE and 

fragment-PE. The oxidation of MPs might be inferred as the indicator of aging 

plastics due to their chemical structure transformation. Accordingly, the 

oxidative indexes of MPs samples represented that more oxidized fiber-PP, 

film-PP, and fragment-PE were contaminated in wet season. It is possible to 

be that the fragmentation of MPs was related with polymer types and plastic 

materials resulting different physical characteristics. The transformation of 

chemical structures, however, needs to be identified for the other plastics.  
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Figure 3.12 Carbonyl index of polypropylene (PP) and polyethylene (PE) in 

microplastic samples in dry season () and wet season () 
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Figure 3.13 Hydroxyl index of polypropylene (PP) and polyethylene (PE) in 

microplastic samples in dry season () and wet season () 
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Figure 3.14 Vinyl index of polypropylene (PP) and polyethylene (PE) in microplastic 

samples in dry season () and wet season () 
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The oxidized carbonyl groups (C=C and C=O) and the hydroxyl group 

(−OH) in the structures of PE and PP in the artificial photo-oxidation were 

found in the accelerated aging plastics [102, 103, 117]. The energy from UV 

light absorbed in the C−C and C−H bonds and induced the formation of free 

radicals. After that, the radicals were reacted with oxygen, then the carbonyl, 

carboxyl, hydroxyl, or peroxide groups were introduced into the polymer 

chain [118]. Addition to the UV exposure, the physical surface cracks in the 

plastic samples also be driven by mechanical abrasion [119]. The CI was 

applied to represent the degree of weathering or the surface oxidation [102, 

103, 117, 119-121]. The index value was referred to the age of the plastics 

[106]. Similarly, the increase in the hydroxyl and vinyl groups were evaluated 

by HI and VI [102, 103]. After exposure to UV, the CI of PP rapidly increased 

in 2 months, while that of PE demonstrated a linear increase [119]. The CI of 

plastic waste was also investigated, as it significantly increased by the age of 

disposal for PP waste, although this was slightly decreased for PE waste [120]. 

The results of this study suggested that plastic weathering may be 

regulated by polymeric type and shape. The different degrees of weathering 

between fiber, film, and fragment shapes were presented by oxidative indexes. 

Two distinct behaviors were proposed for understanding the fragmentation of 

MPs: (1) The flat parallelepipeds floated at the surface of the water were 

fragmented on the one face exposed to the sun and (2) The cubic piece that 

tended to roll at the surface of water resulted in biofilm prevention, more 

erosion, and faster fragmentation than parallelepipeds [121]. It can be inferred 

that the fragment MPs were rotated, and the film MPs were parallelly floated, 

in surface water. Furthermore, the oxidation indexes of fiber differ slightly 

compared to those of film and fragment. The results may indicate that the 

fragmentation of the fiber was a blend of flat and rotating behaviors along its 

longest dimension. The oxidation of plastic materials notably depended on 

plastic chemical structures and additive chemicals such as antioxidants, and 

photo-stabilizers [118]. Conversely, the physicochemical deterioration and 

transportation of MPs may continuously occur. The characteristics of 
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contaminated MPs indicated the transformation that occur in plastic debris 

generated from non-specific sources. 

3.3.2 Distribution of microplastics in surface water 

The distribution of MPs in the dry and wet seasons (Figure 3.15) 

illustrated that MPs were sourced from both riverine water and unidentified 

sourced activities, then those were dispersed in the coastal sea. The 

investigation found high abundance of MPs in estuarine waters, but the 

contamination level fluctuated in the gulf. Notably in the Ta Chin River, the 

distribution map clearly confirmed the river transported MPs in the wet 

season, (Figure 3.15 (b)). Nonetheless, addition to the river transportation, 

MPs in the dry season may be generated by the unidentified sources, which are 

likely to be marine activities, or the coastal activities (Figure 3.15(a)). It could 

be discussed that the surface circulation in the gulf influenced the spreading 

and accumulating of MPs. 

The investigations found surface water concentrated the contamination 

of MPs [7, 42, 122], and the volume of water was found to controlled the 

concentration of MPs [12, 13, 75, 108]. As observed during the sample 

collection of this study, the influence of seawater current from the south, the 

middle Gulf of Thailand, induced the seawater flowed up north in both 

seasons (Figure 3.16) [58]. In the dry season, an anticlockwise circulation was 

found in the northern part of the gulf, while dynamic gyres were occurred on 

the east and west sides. Dissimilar circulation pattern, clockwise circulation, 

was observed in the wet season. According to high contamination in the 

eastern and western regions of the gulf in dry season, it can be referred that the 

surface water current distributed MPs to condense in the gyre. Additionally, it 

also can be said that low MP concentration in the southern and northern areas 

might be the result of a dilution from high volume of seawater flowing up to 

the gulf. On the other hand, in the wet season, the riverine transportation 

affected a high concentration of MPs.  
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(a) 

 
(b) 

 
Figure 3.15 Spatial distribution of total microplastics in surface water of dry season 

(a) and wet season (b) 
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(a) 

 

(b) 

 

Figure 3.16 Current velocity and direction in the surface water of the inner Gulf of 

Thailand in the dry season (a) and the wet season (b) of 2018 [58] 
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As MPs’ shapes were categorized as film, fiber, fragment, pellet, and 

foam, their distributions were specified. The distributions of MPs with the 

specified shapes of film (Figure 3.17), fragment (Figure 3.18), and fiber 

(Figure 3.19), reveal a high abundance in the estuaries and gyre. However, 

greater contaminations in the large size of pasticles were observed in the 

southern area, fiber-MPs in size of 1000‒5000 µm for the beast example. It 

can be said that certain compositions of MPs were generated from the middle 

Gulf of Thailand, south of the study area, from where the seawater current 

flows up into the study area. Additionally, the contaminations of pellet-MPs 

(Figure 3.20) and foam-MPs (Figure 3.21), occurred in some estuaries or some 

area of the coasts, represented to the various sourced in non-specific area. As 

the distribution of MPs was a snapshot of their transportation, the sources of 

contamination have been hypothesized to be activities along the coastal area. 

When compared with previous study, more plastic fragments were 

extensively found in the coastal sea of the bay area than in the open oceans 

[123]. The observation showed the urbanization drove contamination of MPs 

[1]. Accordingly, the abundance of MPs was discussed that it was sourced 

from widespread human, commercial, and tourism activities [21]. There was a 

proposed that MPs came from nearby area landfills through airborne and 

leachate contamination [43]. However, the distance from the coast inversely 

related to the concentration level of plastic particles [40]. The river runoff was 

focused as an important role regulated MPs entering to the coastal sea [21, 

109]. In this study, anthropogenic activities could not be identified due to the 

characteristics of the coastal sea. However, the distribution maps of the 

investigation suggested that the contamination of MPs might be from riverine 

transportation depending on their shapes and sizes.  
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Dry season Wet season 

(a)  

  
(b)  

  
(c)  

  
(d)  

  
Figure 3.17 Distributions of film-microplastics in surface water: (a) 1000-5000 µm, 

(b) 300-1000 µm, (c) 100-300 µm, and (d) total film-microplastics 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

73 

 

Dry season Wet season 

(a)  

  
(b)  

  
(c)  

  
(d)  

  
Figure 3.18 Distributions of fragment-microplastics in surface water: (a) 1000-5000 

µm, (b) 300-1000 µm, (c) 100-300 µm and (d) total fragment-

microplastics 
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Dry season Wet season 

(a)  

  
(b)  

  
(c)  

  
(d)  

  
Figure 3.19 Distributions of fiber-microplastics in surface water: (a) 1000-5000 µm, 

(b) 300-1000 µm, (c) 100-300 µm and (d) total fiber-microplastics 
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Dry season Wet season 

(a)  

  
(b)  

  
(c)  

  
(d)  

  
Figure 3.20 Distributions of pellet-microplastics in surface water: (a) 1000-5000 µm, 

(b) 300-1000 µm, (c) 100-300 µm and (d) total pellet-microplastics (d) 
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Dry season Wet season 

(a)  

  
(b)  

  
(c)  

  
(d)  

  
Figure 3.21 Distributions of foam-microplastics in surface water: (a) 1000-5000 µm, 

(b) 300-1000 µm, (c) 100-300 µm and (d) total foam microplastics 
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The distribution plot of MPs suggested that the different characteristics 

of MPs from the sources were transported in water. Addtion to the oxidative 

funtional groups, physical characteristics of MPs including size, shape, and 

color were physically observed that showed the results of plastic 

fragmentation. Principle Component Analysis (Figure 3.22) proposed that 

distribution of MPs in surface water were categorized to three components 

with a 61.90% cumulative percentage of variance: (1) Broken plastics 

(fragment and film), (2) Filamentous plastics (fiber), and (3) Smooth and 

spongy surface plastics (pellet and foam). The broken plasticles, can be 

categorized to be secondary MPs. The filamentous particles was possible to be 

generated from fibrous material through either fragmentation or production. 

While the new and non-fragmented plastics (primary MPs) could be 

represented by smooth surface, the third component may sourced from the 

specific activities generated in certain areas because it was not only a group of 

pellet-MPs but also included the foam-MPs. The sources of the debris and 

their weathering process may affect the difference in the physical 

characteristics of MPs. In the other side, the different characteristics of MPs 

from the sources were transported in water and they were related to hydro-

ecological parameters. 

 

Shape Size (µm) 
Component* 

1 ( ) 2 ( ) 3 ( ) 

FR 100-300 .824 .028 -.118 

FR 300-1000 .779 .272 -.094 

FR 1000-5000 .696 .267 -.040 

FI 1000-5000 .605 .283 .275 

FI 300-1000 .600 .120 .253 

FI 100-300 .536 .509 .056 

FB 300-1000 .036 .902 .034 

FB 100-300 .209 .800 .108 

FB 1000-5000 .407 .646 -.003 

FM 100-5000 .122 -.012 -.909 

PL 100-5000 .439 .127 .463 

 *Cumulative percentage of variance = 61.90% 

Figure 3.22 Component plot and rotated component matrix of factor loading for 

microplastic shape and size 
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3.3.3 Influence of seasonal variation on contamination of microplastics 

The main difference between the dry and wet seasons of the inner Gulf 

of Thailand was the freshwater inflow from the rivers. It is normally to 

accepted that the rainfall in the wet season enhanced the volume of freshwater. 

Amount of freshwater loaded from the estuaries to the gulf in the wet season 

was amplified approximately double in the Ta Chin River estuary and seven to 

eight times in the Chao Phraya River and the Bang Pakong River estuaries as 

compared to the dry season (Table 3.3). Addition to the spatial distribution 

plot, riverine transportation of MPs from the land to the sea was confirmed by 

the abundance of MPs that was directly magnified by the increasing of 

freshwater load during rainfall in the wet season.  

The observation of this investigation was similar with the results 

mostly reported in previous studies that the increases in precipitation and 

discharged water in the wet season regulated the high abundance of MPs in 

surface water [10, 36, 37, 42, 108, 122]. However, more contamination of MPs 

in water caused by sediment resuspension also be discussed [36]. Moreover, 

mechanical breakdowns induced by strong winds at the end of the hurricane 

season might rise the fragmentation of plastics, and that might result to 

increasing in amount of MPs [19]. In contrast, no significant change in MP 

abundance before and after typhoons was discussed that magnified water 

volume and vertical mixing could reduce the plasticles from the surface water 

[75]. In some study, the MPs was also suggested they were contaminated from 

non-seasonal event parameters, for example, the discharged leachate or heavy 

air pollution [43]. The other parameters besides river flow were believed that 

they could affect abundance of MPs [13].  
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Table 3.3 Average runoff water, average residence time, and average one-day-

loaded water from the river estuaries to the inner Gulf of Thailand [58] 

River estuaries 

Average runoff water 

(m3/s) 

Average residence time 

(day) 

Average water 

loading to the inner 

Gulf of Thailand 

(x103 m3/day) 

Dry Wet Dry Wet Dry Wet 

Mae Klong 753.15 369.75 2.96 3.00 21996 10649 

Ta Chin 180.50 174.00 2.96 1.21 5272 12442 

Chao Phraya 160.13 417.39 2.96 0.96 4677 37630 

Bang Pakong 80.31 222.26 1.50 0.58 4626 32920 

This study revealed the relationships between the investigated hydro-

ecological parameters and the abundance of MPs (total MPs and the 

categorized MPs according to PCA classification (Table 3.4). It could be 

proposed the viewpoint for the coordinate releasing of MPs and the other 

parameters. The salinity, TSS, and nutrients (nitrogen, phosphorus, and 

silicon) were the indicators of the river runoff, as low salinity, high TSS, and 

concentrated nutrients were investigated in the river estuaries. The statement 

of the river transported MPs or plastic waste from the upper area of the gulf to 

the study area could be confirmed by the significantly negative relationship 

between MPs and salinity, as well as the positive relationship between MPs 

and nutrients. The evident was clearly illustrated in the broken plastics or the 

component of film- and fragment-MPs, with the significant correlation 

coefficient at the 0.01 level (99% confidence). However, no significant 

relation between filamentous plastics and salinity was presented, although the 

relationships of filamentous plastics and some nutrients were significant. 

These relations supported the idea that the fibers were generated from both 

riverine and marine activities, following the distribution maps of fiber-MPs 

(Figure 3.19). Inversely, the smooth and spongy surfaces plastics were not 

significantly related to any of the considered factors; as a results, it could be 

inferred that the sources of this components were possible to be the coast, river 

estuaries, or others. 
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Table 3.4 Pearson’s correlation between environmental parameters and categorized 

microplastics 

Parameter Total MPs Broken MPs 
Filament 

MPs 

Smooth-

spongy MPs 

Sal 0.093 -0.365** -0.029 -0.008 

DO -0.199* -0.453** -0.372** -0.061 

TSS 0.062 0.455** 0.426** -0.069 

NH4
+-N 0.017 0.600** 0.293* 0.178 

NO3
--N -0.132 0.366** 0.205 0.053 

DIN -0.032 0.558** 0.266 0.150 

Si(OH)4-Si -0.097 0.439** 0.198 -0.128 

TDP -0.234 -0.137 -0.174 -0.184 

TPP 0.005 0.076 0.083 -0.310 

TP -0.262 -0.122 -0.286 -0.100 

PO4
3--P -0.079 0.474** 0.286* 0.098 

Chl 0.014 0.242 0.272 -0.047 

AP 0.077 0.061 0.241 0.100 

AFL 0.189* 0.281 0.148 0.120 

** Correlation is significant at the 0.01 level (2-tailed). 

* Correlation is significant at the 0.05 level (2-tailed). 

The chemical transformation and the microbial activities on the surface 

of MPs may indirectly shape the water quality. The relationship between MPs, 

nutrients, and dissolved oxygen (DO) were the case for example. The oxygen 

consisted of C−O bonds, which are the new functional groups in the MPs’ 

chemical structures, thus it usually contributed in the oxidation process of 

plastic polymer [118]. The photo-chemical oxidation also resulted in dissolved 

organic carbon from plastics. Furthermore, the bioassay found the rapidly 

bioavailable carbon that released from plastics [124]. As result of DO reducing 

by the activated bacterial metabolism, the microcosm experiment confirmed 

microorganism on the surface of MPs could release nutrient and it also 

consumed oxygen from the environment [125]. The suggested idea was that 

the microbial activity and oxidation process on MPs indirectly regulated the 

negative relationship between MPs and DO indirectly. This interaction of 
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MPs-microbials might be implied by the inverse relations with DO for total 

MPs, broken plastics, and filamentous plastics. In the case of smooth, spongy 

plastics, the non-significant relationship between DO and MPs is probable to 

be indicated less biofouling or new plastics, in the other words. It is important 

to note that the MPs and physicochemical factors from field investigation were 

included the effects of co-released substances and the effects of the substances 

induced by MPs. Both pollution releasing sources and the simulated activities 

of MPs could influence the relationship between MPs and hydro-ecological 

parameters. The study could recommend that the season induced the difference 

in hydro-ecological characteristics, and it also regulated the variation in MPs 

contamination. 

3.4 Summary of microplastic contamination in surface seawater 

The effects of seasonal variations on the contamination of MPs in surface 

water of the inner Gulf of Thailand were investigated. The physical and chemical 

properties of plastic materials were transformed and fragmented to be MPs. The 

detected MPs in the water samples were classified into three groups: 1) broken 

plastics, 2) filamentous plastics, and 3) smooth and spongy surface plastics. While PP 

and PE were the most plastic types observed in the sample, the oxidative functional 

groups, indicators of polymer weathering, also be observed in the polymeric 

structures. Oxidative indexes, or the degree of weathering, depended on the shape of 

MPs suggested the oxidation characteristics varied different physical movement. 

Qualification, quantification, and the relationship with hydrological parameters 

suggested that rivers and surface current were the main regulated factors resulted MPs 

transportation. Diversity and quantity of MPs in surface water posed to be directly 

varied by freshwater runoff, as they were increased in wet season. The shape of MPs 

combined with the environmental factors were discussed that they regulated the 

distribution pattern and the interaction of MPs. It is reasonable to say that the MPs in 

surface water will be vertically moved and settle to accumulation in the sediment 

system. The physicochemical transformation and environmental interaction of MPs 

need to be understanded for answer the concern about ecological impacts of them. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER IV 

ACCUMULATION OF MICROPLASTICS IN SURFACE SEDIMENT AND 

CO-CONTAMINATION OF HEAVY METALS IN MICROPLASTICS 

Emerging pollutants of microplastics, less than 5 mm plastic particles, were 

ubiquitously contaminated in various media of the environment. While the 

microplastics were observed in surface waters of the inner Gulf of Thailand, the 

accumulation of them in sediment of the river estuaries and the coastal sea was 

investigated in this section. The results found abundance of microplastics in range of 

1284-22752 pieces/kg of dry weight sediment. While high contamination was 

detected in estuaries, wet season influenced microplastics more dispersed to 

accumulated in the coastal sea sediment. Polyamide and poly (acrylonitrile: 

butadiene) were the main plastic type observed in sediment. Accumulation of 

microplastics directly reversed by depth of sediment. The analysis of contamination of 

heavy metals (As, Cd, Co, Cr, Cu, Mn, Ni, Pb, and Zn) in microplastics revealed they 

were mainly consisted in the fouling content. High concentrations of the heavy metals 

were investigated in microplastics; however, those were the small faction in the total 

mass of sediments. 

4.1 Importance of microplastic accumulation in sedimentological system  

The microplastics (MPs), plastic particle smaller than 5 mm, is contaminated 

in everywhere. The chapter III illustrates the clear evident and the specific 

characteristics of MPs contamination in the surface seawater. It is general to accepted 

that MPs in surface water will be settled to the sea bottom. Thus, the sedimentological 

system is finally enriched microplastics, and it is the sink of plastic pollution. 

The gravimetrical density of MPs is the main factor discussed it is affected 

MPs vertically transported in water column and sedimented to the seabed. Based on 

sea water density (1.02-1.03 g/cm3), the plastics that have higher density than 

seawater theoretically submerge in water column and settled to the sediment, while 

the plastics that have lower density than seawater should float on the surface sea. 

However, the light plastics could be deposited by the adherence aggregation. The 

experiment found formation of biofilm was observed on submerged PE after 
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submerged it into surface seawater [63]. The aggregation of MPs and suspended 

sediments induced negative buoyant of MPs-sediment matrix [111, 112]. The 

interaction between MPs and phytoplankton also affected the density of MPs as the 

phytoplankton was aggregated with MPs by extracellular polysaccharides [81, 82]. 

The adhesion on coral surface was pointed as a major role of the settling of MPs 

[126]. Addition to the attachment of MPs, shape, size, and mechanical properties of 

them were controlled the buoyancy, and those resulted to the settling of MPs [80, 113, 

114]. Followed the concept of substance attachment on MPs, the effects did not only 

induce the vertical transportation and sedimentation of MPs, but it also be that either 

fouling on MPs or plastic content of MPs could accumulate pollutants from the 

environment. 

The analysis of contamination in MPs confirmed that MPs could accumulate 

toxic substances. The sorption experiments, either in situ or ex situ, and the 

investigation found the substances surrounding MP were adsorbed to the plasticles 

[69, 72, 90-94, 105, 127, 128]. By field investigations, the hazard elements, Br, Cd, 

Cr, F, and Pb for example, were detected in plastic composition [65-68, 70, 71, 73]. 

Parallelly, the analysis also found the contamination of persistent organic pollutants in 

plastic debris [86-89]. The extraction by synthetic digestive fluid showed the releasing 

of heavy metals from plastics [65, 67, 68, 129]. Previous research could support the 

statement that heavy metals and organic persistent pollutants were consisted in plastic 

particles, and those are possible to be released. 

According to MPs characteristics in surface water, it is possible to said that 

MPs contamination in sediment may related with the shape of plastics, adhesion 

aggregation, as well as the pollutant accumulation. In this research, the accumulation 

of MPs in surface sediment of the inner GT and the contamination of heavy metals in 

MPs were investigated. The effects of dry and wet seasons were analyzed with the 

hypothesis that the MPs were trapped in estuaries, and the river runoff which in wet 

season affected high contamination and more variation of MPs in sediment. 
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4.2 Analysis of microplastics contamination in sediment 

4.2.1 Sediment sampling 

Surface sediments (0-5 cm) were collected from the area of the inner 

Gulf of Thailand in dry season (May 2018) and wet season (August 2018). 

The sampling sites were included the river estuaries (Mae Klong (MK), Ta 

Chin (TC), Chao Phraya (CP), and Bang Pakong (BK)) and the coastal sea of 

the inner Gulf of Thailand (GT) (Figure 4.1). Ekman grab sampler and Smith 

McIntyre grab sampler were used to collect sediments from the sampling sites. 

Approximate 0.5-1 kg of sediments from grab samplers were sampled by 

scooping to clean PE storage bag and sealed to vacuum. Addition to surface 

sediment collection, sediment profile was sampled from station GT26 in dry 

season. The sediment layers classified to 0-5, 5-10, 10-15, 15-20, 20-25, 25-

30, 30-35, and 35-40 cm were taken by vertical gravity core sampler. All of 

samples were kept in cold and dark before analysis. 

 
Figure 4.1 Sediment sampling stations of the inner Gulf of Thailand 
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4.2.2 Microplastics quantification 

The MPs analysis procedure was applied from laboratory method for 

analysis of MPs in the marine environment: recommendations for quantifying 

synthetic particles in water and sediment [59].  

1) Microplastics separation 

Nearly 100 g of wet sediments was placed to aluminum containers and 

oven dried at 60°C. The dried weight (DW) of sediments were measured, after 

that the samples were disaggregated by mixing with 5% Calgon solution (the 

solution of Na6P6O18 and Na2CO3). Then, heterogenous particles were sieved 

for the size 16-5000 μm, and those were mixed with saturated NaCl solution. 

Amounts of sediment samples for MPs analysis were reduced by using the 

supernatant solids in NaCl solution. Finally, the collected solids were treated 

by WPO and NaCl density separation as same as water samples. The separated 

MPs with NaCl solution were placed in test tubes and rap with aluminum foil. 

2) Characterization and quantification of microplastics 

The MPs were filtered on Aluminum oxide (Al2O3) membrane filter 

with the pore size of 0.2 µm (AnodiscTM 25, Whatman). Amounts of particle 

was counted under stereo microscope (Shodensha, NSZ-405J3) for shape and 

color categorization. Similar with the contamination in water samples (Chapter 

III), the shapes were categorized to fiber, film, foam, fragment, and pellet, 

while the colors were included red, blue, green, brown, black, white, 

transparent, and the other. The samples were air dried and stored in desiccator. 

The microplastics on filters were quantified by find particle and mapping 

technic of microscopic Fourier-transform Infrared spectrophotometer, micro-

FTIR (Bruker, Lumos II). In short detail, all particles-like on Al2O3 filter were 

positioned by image and qualified with transmission mode of FTIR. While the 

size of particle was investigated by the contrast of the image, the resulted 

spectrums were identified for the chemical compounds by compare with the 

reference data bases. The MPs were counted by the number of the spectrums 

that confirmed to by plastics with higher than 60% of the similarity due to the 
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comparison of plastic polymer reference spectrum. Only particles that 

confirmed to be plastics were reported as the abundance of MPs in the unit of 

plastic pieces per weigh of dried sediment (pieces/kg DW). 

3) Quality control analysis 

The sample were stored and analyzed follow the controlled container 

for preventing plastic contamination. The new plastic bags were considered to 

use in sample collection and those were storage in cool and dark condition for 

minimized the fragmentation process. During the analysis, non-plastic 

containers were used, additionally the containers were covered with aluminum 

foil to reduce the contact of airborne plastics.  

Importantly, the blank sediments were tested follow the MPs 

separation by using the settle sediments in NaCl solution. Accordingly, the 

commercial grade of green polyethylene (106-212 μm) was spiked to the blank 

sediment and analyzed as the sediment sample; 94.55±17.14% of spiked 

plastics was recovered. In principle, the blank sediment should be not 

contaminated with MPs because the plastics were removed by the density of 

NaCl solution. However, it is accepted to note that the detected plastic in 

blank sediments may be the result of separation efficiency. Thus, the report of 

MPs abundance was normalized by the number of each size and polymer types 

of plastics in blank sediments. 

4.2.3 Environmental variable analysis 

The abundance of MPs in sediments of estuaries and coastal sea in the 

details of physicochemical characteristic were comparatively analyzed with 

the contamination in surface water. The sedimental variables of the 

investigation period, including heavy metals and nutrients, of the sampling site 

were analyzed with standard methods (Table 4.1). the relation of those 

parameters and MPs were evaluated by Pearson’s correlation coefficient.  
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Table 4.1 Analysis of heavy metal contamination and sedimentological parameters 

in the surface sediment 

Parameters Analytical methods 

Cadmium (Cd, mg/kg DW) [130] Hydrofluoric acid and aqua regia digestion in 

high performance microwave digester, 

detected by inductively couple plasma 

optical emission spectroscopy  

Lead (Pb, mg/kg DW) [130] 

Copper (Cu, mg/kg DW) [130] 

Cobalt (Co, mg/kg DW) [130] 

Nickel (Ni, mg/kg DW) [130] 

Manganese (Mn, mg/kg DW) [130] 

Zine (Zn, mg/kg DW) [130] 

Aluminum (Al, mg/kg DW) [130] 

Chromium (Cr, mg/kg DW) [131] Hydrofluoric acid and aqua regia digestion in 

high performance microwave digester, 

detected by flame atomic absorption 

spectrophotometer 

Total organic matter (TOM, %) [130] Loss of ignition process 

Total organic carbon (TOC, mg/kg DW) [130] Total organic carbon analyzer 

Total phosphorus (TP, mg/kg DW) [130] Acid molybdate-ascorbic method 

Acid volatile sulfide (AVS, mg/kg DW) [130] Colorimetric gas detection tubes 

Water content (%) [130] Gravimetrical analysis 
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4.2.4 Microplastics contamination analysis 

The MPs were classified to the plastics content and the fouling content. 

After dry sediments were weighed, those were mixed with 5% Calgon solution 

for disaggregation. The particles in the samples were sieved to the size of 16-

5000 µm. MPs were separated from heterogenous solid particles by density of 

NaCl solution. The fouling contents on plastic particles were extracted by 

ultra-sonication (BANDELIN, SONOPLUS UW 2070). After that, the fouling 

contents were separated from plastics content by NaCl solution and filtered on 

pre-weighted glass fiber filter (Whatman GF/C). The fouling contents were 

gravimetrical quantified. While the plastic contents were filtrated on 

Aluminum oxide (Al2O4) membrane filter (AnodiscTM 25, Whatman), the 

plastic polymer were identified by microscopic Fourier-transform infrared 

spectrophotometer, micro-FTIR (BRUKER, LUMOS II) follow the procedure 

of MPs quantification. 

The fouling contents and plastic contents were acid digested by aqua 

regia (HNO3:HCl 3:1) in high performance microwave digestion system 

(MILESTONE, ETHOS One). HNOs (69%, QReC) and HCl (37%, QReC) 

were used for preparing the aqua regia, while the 18 mΩ-ultrapure water was 

performed for sample dilution. The sample solutions were filtrated pass 0.45 

µm of cellulose acetate disposable membrane filter (ADVANTEC, DISMIC-

25CS). The contaminations of heavy metals (As, Cd, Co, Cr, Cu, Mn, Ni, Pb, 

and Zn) in both fouling contents and plastic contents were investigated by 

inductive couple plasma optical emission spectrophotometer, ICP-OES 

(Analytikjena, PlasmaQuant PQ 9000 Elite) and atomic absorption 

spectrophotometer, AAS (Agilent, 240AA). All glassware were deeply 

cleaned by acid wash and rinsed with deionized water. The heavy metal 

contamination of the samples was neutralized by the concentration detected in 

blank filter for fouling contents and blank sediment for plastic contents. 
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4.3 Accumulation of microplastics in sediment 

4.3.1 Abundance of microplastics 

The contamination of MPs was clearly observed in the sediment of the 

inner GT! Figure 4.2 illustrates difference shapes of MPs detected in the 

surface sediment of the inner GT. The abundance of total MPs, all shape and 

size of MPs contaminated in sediment, was range from 1284-22752 pieces/kg 

DW (average 9757±6813 pieces/kg DW). Overall, the abundance of MPs of 

the study area was enhanced from 7297±5960 pieces/kg DW in dry season to 

12216±7079 pieces/kg DW in wet season. In detail, the abundance in the 

estuaries was increased from 4355 pieces/kg DW in dry season to 8216 

pieces/kg DW in wet season, while that in the coastal sea was dramatically 

enhanced from 1200 pieces/kg DW in dry season to 6118 pieces/kg DW in 

wet season (Figure 4.3). There was a significance to confirm that this 

investigation illustrates the confidential abundance of MPs although it is 

higher than the other area. 

Table 4.2 shows the comparative value of the contaminated MPs in 

surface sediment. The abundance of MPs according to the detection of this 

study was in the level of very high contamination compared with the other 

areas. The quantification methods were mainly influenced to the abundance of 

MPs, addition to the limitation in detected sizes and density of separated 

solutions. Although the most study presented the abundance of MPs by 

detection of microscopic count with the examination of particles to plastic 

identifications, the quantitation of MPs for FTIR identification each particle 

may result more accurate of the abundance of MPs, as it could defined 

chemical structure of each particle. The literature review (Table 4.2) illustrated 

that the quantification by FTIR identification results higher abundance of MPs 

than that by microscopic count. Addition to the identification methods, the 

size of detectable MPs also affected to the abundance. More abundance posed 

to be reported when the detected size was smaller than 100 µm.  
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Figure 4.2 Microplastics in surface sediment of the inner Gulf of Thailand 

 

* A and B show the statistically significant at the confidence level of 95% (p=0.05) 

Figure 4.3 Average microplastics abundance in sediment of river estuaries ( ) and 

coastal sea ( ) of the inner Gulf of Thailand  
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4.3.2 Characteristics of microplastics 

The abundance of MPs, or the total MPs, was presented to the 

summation of MPs with variety physical and chemical characteristics. Figure 

4.4 presents the overall detail of characteristics of MPs in dry and wet seasons. 

While the film was the major shape of MPs in dry season, the proportions of 

fiber and fragment were increased in wet season. The new MPs, inferred by 

the colors of red, green, blue, white, and transparent, pose to be reduced 

according to the influences of wet season. The size composition of MPs in 

both seasons was similar with the most detected MPs were in the size of 16-

100 µm; however, the MPs in size of 300-5000 µm were enhanced in dry 

season. The plastic types of polyamide (PA), polypropylene (PP), 

polyethylene (PE), poly (acrylonitrile: butadiene), acrylate ethylene copolymer 

(AEM), poly (alkyl methacrylate) and polystyrene (PS) were identified for 

MPs accounting 74%, and 79% of all detected plastics in dry and wet seasons, 

respectively. The other types of plastics were included polycyclohexanone, 

polyester, and ethylene butyl acrylate copolymer, for example. The proportion 

of PA was enlarged from 12% in dry season to 64% in wet season. As the 

number of total MPs was significantly difference between area and season, 

shape, color, size, and plastic type of plasticles may result the specific in the 

sedimental accumulation of MPs although there was not statistical difference 

between seasons (p=0.415) and settled areas (p=0.871). 

1) Shape, color, and size  

Similar with the shape of MPs in surface water (Chapter III), film, 

fiber, and fragment were the dominant shape of MPs observed in the surface 

sediment, while the pellet and foam were mostly found in the river estuaries 

(Figure 4.5). Accumulation of fiber-MPs in sediment tend to be increased in 

wet season parallel to the contamination in surface water. In addition, the 

fragment-MPs also be raised in wet season of estuaries.  
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 Dry season Wet season 

(a) 

  

(b) 

  

(c) 

  

(d) 

  

Figure 4.4 Proportions of shape (a), color (b), size (c), and plastic type (d) of 

microplastics in surface sediments in dry season and wet season  

Informationally, the major colors of MPs in surface sediment (49-

62 %) were back and brown (Figure 4.6). The investigation showed that back 

and brown fraction were magnified in wet season whereas the fraction of 

transparent-MPs in surface water was increased in wet season. The colorful 

MPs (red, blue, and green) in both surface water and surface sediment were 

likely to be more detected in the estuaries, however. In contrast with the 

surface water, the enhanced fraction of brown and back colors of MPs, 
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inferred to aged MPs in wet season could be discussed that the high riverine 

runoff in wet season may interrupt MPs sedimentation. 

The shapes, and colors of MPs in the estuarine sediment were more 

variety than that in the sediment of coastal sea dissimilar with the size of MPs. 

The detected MPs was dominant in the size of 16-100 µm that accounted for 

81-88% in estuaries and 86-93% in coastal sea (Figure 4.7). The small fraction 

of MPs was distributed in the range 100-1000 µm in both river estuaries and 

coastal sea, while larger size MPs (>1000 µm) mostly be observed in the 

estuaries. The dynamic variation from wet season probably reduced the 

proportion of large MPs in the size of 100-5000 µm though the proportion of 

MPs in size of 200-300 µm was increased in the coastal sea, especially in 

GT26. It is important to note that the size of MPs contaminated in sediment of 

this investigation is smaller than the size of MPs in surface water. The results 

of both surface water and surface sediment could be referred that the size of 

most detected MPs was less than 300 µm. Interestingly, the fraction of large 

size MPs in sediment was reduced in wet season, while that in surface water 

was enlarged. This observation may represent the small MPs likely trend to be 

formed with natural solids and sedimented rather than large MPs that may be 

transported to other area by water current. 

The investigation of shape, size, and color of MPs suggested the river 

runoff water and turbulation in water column might be regulating factors for 

MPs movement from surface water to sediment. The contaminations of MPs in 

both water and sediment were enlarged by increased surface runoff. The 

composition of MPs in water may link to that in sediment by the reason that 

MPs were firstly released to the hydrosphere. By the small size of plasticles, 

the MPs could be aggregated with the other suspended solids and sunk to the 

sea bottom. However, new MPs with large size pose to be floated on water and 

transported by the dynamic current. The buoyancy of different shapes was 

pointed that it influenced the sinking rate of MPs [114]. The sedimentation of 

MPs also be additionally controlled by the density of plastics themself.  
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(a) (b) 

  
( ) Pellet, ( ) Fragment, ( ) Fiber, ( ) Film, and ( ) Foam 

Figure 4.5 Shape composition of microplastics in surface sediment of dry season (a) 

and wet season (b) 

(a) (b) 

  
( ) Red, ( ) Blue, ( ) Green, ( ) Brown, ( ) Black,  

( ) White, and ( ) Transparent 

Figure 4.6 Color composition of microplastics in surface sediment of dry season (a) 

and wet season (b) 

(a) (b) 

  
( ) 16-100 µm, ( ) 100-200 µm, ( ) 200-300 µm, ( ) 300-400 µm, 

( ) 400-500 µm, ( ) 500-600 µm, ( ) 600-700 µm, ( ) 700-800 µm, 

( )800-900 µm, ( ) 900-1000 µm, and ( ) >1000 µm 

Figure 4.7 Size composition of microplastics in surface sediment of dry season (a) 

and wet season (b) 
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2) Plastic types 

Polyamide (PA), polypropylene (PP), and polyethylene (PE) were 

observed in the composition of plastic types in the surface sediment of all 

sampling station (Figure 4.8). The plastic type composition of MPs 

accumulated in sediment related to the seasons and contaminated areas; 

moreover, it was clearly different from that in surface water. 

PA was the predominant plastic in sediment in wet season accounted 

for 40% in estuaries and 54% in coastal sea. The plastic types of PP, PE, poly 

(acrylonitrile: butadiene), acrylate ethylene copolymer (AEM), poly (alkyl 

methacrylate) and polystyrene (PS) tend to be more accumulated in estuarine 

sediments, and those fractions were increased in dry season. According to 

density of sea water (1.02-1.03 g/cm3), it is common to observed that the 

plastics that have density higher than sea water density, PA (1.02-1.05g/cm3) 

and poly (acrylonitrile: butadiene) (1.06-1.08 g/cm3), for example. However, 

PE (0.88-0.96 g/cm3) and PP (0.855-0.946 g/cm3), the dominant plastic types 

in surface water having lower density than seawater also be detected in the 

sediment samples. The results of high abundance of MPs in estuaries sediment 

and high portion of MPs with lower density compared to seawater could 

suggest that the estuarine geological characteristics influence MPs co-

aggregrated with suspended solids and settling to the seafloor. Additionally, 

the detected low density plastic types may link to the polymer production. For 

example, the composite materials, CaCO3 filler in PP structure, may resulted 

MPs vertically transported to the sediment due to the density of CaCO3. 

According to FTIR analysis, the settling of plastic composite with CaCO3 in 

sediment were indicated by the spectrum of CaCO3 in the samples although 

the samples were washed with 1 HCl before analysis. Importantly, it must be 

noted that the detected MPs was not included the PTFE (2.2 g/cm3), that was 

the component of MPs in water samples, because the characteristic peaks of it 

was interfered by the spectrum Al2O3. The analysis of MPs (>500 µm) by 

FTIR with attenuated total reflection (ATR) detected PTFE in the sediment of 

Arctic deep-sea sediment; however, the smaller MPs also cannot be identified 

as it was a limitation of the analysis [31]. It could be appropriated to accepted 
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that PTFE were settle to the seabed, but the this may be less impact as its 

monomer was not classified in the hazard classification of the UN Globally 

Harmonized System (GHS) [8]. The sedimentation of MPs was discussed that 

it was influenced by the specific density of plastic polymers and the 

aggregation of surrounding substances. In the other word, the physical and 

chemical properties of MPs, modified by natural induced process, resulted 

dynamic in fate and transportation of MPs. 

The oxidative functional groups were observed in the plastic chemical 

structures of MPs in sediment, PA, PE, and PP, for example of plastic that 

detected in all sample (Figure 4.9). As the structure of alkane hydrocarbon of 

PA, PP and PE, the peaks at wavenumber of 3000-2840 cm-1 for C-H 

stretching. The amide structure of PA was indicated by N-H strectching at 

3250-3310 cm-1 and C=O streching at 1650 cm-1. The wavenumbers of 1450 

cm-1 and 1375 cm-1 for -CH3 bending indicate the structure of PP, while wave 

numbers of 1460-1450 cm-1 for -CH2 bending was presented to PE structure. 

The new functional groups were observed additionally from the raw plastic 

structure. A broad peak of O-H stretching at 3200-3500 cm-1 was clearly 

detected in PA spectrum, while it was the weak peaks in the spectrum PP and 

PE. The oxidized groups of C=O stretching at 1700-1740 cm-1 was found in 

all exampled spectrum of PA, PP, and PE while that of the weak peaks of C=C 

or C=O stretching at 1680-1625 cm-1 could be refered only in the spectrums of 

PE and PP. The functional groups of MPs confirmed the transformation of 

plastic structure; as a result, the properties of MPs were modified. 

The accumulation of various types of MPs including seawater-higher 

density plastics and seawater-lower density plastics confirmed that the 

sediment is the susceptible system for MPs settling in the marine ecosystem. 

The dynamic environment variables may cause the transformation of MPs 

physical and chemical structures. Then, MPs were induced to be settled from 

the surface water to the seafloor. 
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a) 

 

b) 

 

c) 

 

Figure 4.9 FTIR spectrum of detected microplastics: polyamide (a), polypropylene 

(b), polyethylene (c) 
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4.3.3 Microplastics in sediment profile 

The sediment can indicate the history of the substance accumulation as 

the sediment was theoretically increased by time of settling of suspended 

solids. In the other word, the sediment at deeper from the surface represents 

the older status of suspended solids, as well as microplastics or plasticles. 

The profile of sediment in GT26 (Figure 4.10) showed vertical 

distribution of MPs that was highest abundance in the surface layer of 

sediment (0-5 cm). In layer 5-40 cm, the abundance and the polymer types of 

MPs were fluctuated; however, both tend to be reduced varied by depth. The 

overall of the vertical distribution of MPs in sediment profile in this study was 

the same trend with the profile of the other area, which the abundance of MPs 

was higher in surface sediment and reduced in the deeper sediments [41]. The 

decrease of abundance and diversity of MPs in layer of 10-15 cm might be the 

results of sediment turbation, while the small contamination in the deep 

sediment, especially in the layer of 35-40 cm, might be represented to the 

vertical transportation of MPs in the sediment.  

a) b) 

  

Figure 4.10 Distribution (a), and size composition (b) of microplastics in vertical 

sediment of sampling station GT26, the inner Gulf of Thailand 
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The oscillated abundance of MPs in 0-25 cm of the sediment profile 

could be considered the effects of surface sediment disturbance. The 

interactions of the towed demersal fishing gears, the seabed, and the ambient 

water mechanically altered surface sediment with defined edges, berms, and 

backfilling of settled sediments [132]. It is possible to said that the bottom 

trawling in the past may migrate the sediment from the collected area or that 

may resuspend sediment to water interphase. MPs may be removed from the 

sediment by the floatation in water turbulence, as the MPs abundance in the 

layer of 10-15 cm was less than that in the deeper layer of 15-20 cm. The 

resuspended sediment with included MPs were settle back to the seafloor at 

the same time with the MPs contaminated in the bottom water. This 

investigation could be inferred to the back-settling of resuspended MPs-

sediment aggregation. The results of enlarged MPs abundance from the layer 

of 10-15 cm to the surface layer and the enhanced MPs in size of 16-100 µm 

in the upper layer of 20-25 cm sediment may be inferred to the back-settling of 

resuspended MPs-sediment aggregation. However, the fragmentation of 

plastic materials in fishing gear also be considered that it could affect the 

contamination of larger size MPs (200-400 µm) in the sediment at the layer 

20-25 cm. 

In contrast, the contamination in deep sediments, especially in the layer 

of 35-40 cm might be considered that was the result of transportation of MPs 

in sediment. The column experiment investigated that vertical transportation 

of MPs was increased by decreasing particle size as the small particles have 

great mobility in porous media, as well as the decreasing in hydrophobicity of 

MPs that can induce the particles downward migration with infiltration of 

water. In addition, the vertical motion of MPs in the sand column also be 

regulated by the density of plastics. The experiment revealed that PP (0.833 

g/cm3) were hindered infiltration on surface column that PE (0.893 g/cm3) 

[133, 134]. Beside the higher density, the hydrophilic functions of PA were 

discussed that results accessibility of water and contributed to great mobility 

[133]. Accordingly, the formation of MPs-titanium dioxide nanoparticles 

heteroaggregates increased MPs deposition, while the MPs transportation was 
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decreased in the quartz sand under all examined conditions [135]. Although 

the evident of the vertical movement of MPs in marine sediment still be 

unclarified, it is acceptable to said that the MPs were aggregated with the 

suspended sediment and those were settled to accumulated in the seabed. 

The contamination of MPs in sediment represents to the history of 

anthropogenic activities as the plastics was man-made materials. The small 

number of detected MPs in the layer of 38-40 cm, date to 1950s, in the 

sediment profile of Tokyo, Japan [17]. This founding was discussed that the 

plastics were produced when the industrial production were started. Dating 

sediment profile of the inner GT in the previous study estimated that the layers 

of 44-46 cm and 6-12 cm in 2006 were deposited in the 1950s and 1990s, 

respectively [136]. The sediment in the layer of 35-40 cm in this study might 

be approximately dated between 1950s-1990s, as well as MPs, although the 

sedimentation rate of MPs-sediment aggregation need to be evaluated. 

4.3.4 Microplastics and sedimental variables 

The correlation between MPs and sedimentological parameters 

indicated that plasticles were incorporated to be a part of sediment as almost 

of them have positive relation with the sediment parameters (Table 4.3). 

Significant relations with some heavy metals or some nutrients were observed 

for the total MPs (TMPs) and the varied types of plastics, excepted poly 

(acrylonitrile: butadiene). It, however, is necessary to note that the light 

density of MPs like PE significantly relate with heavy metals and the other 

parameters (Cd, Pb, Cu, Co, Ni, Mn, Al, TOC, TP, AVS, and water content). 

The relationship between MPs and sediment parameters could be inferred to 

the behavior of plasticles as they are a part of settled solids 

In fact, the persistent and numerous densities of plastic properties are 

the massive difference between MPs and sediment although both can be 

settled to the sediment. The light density plastics tend to be suspended in the 

surface water, while the heavy density plastics are sunk to the water column 

and seabed. The hydrophilic structures in polymer were induced via photo-

oxidative reaction; at the same time, plastics were fragmented. As the 
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oxidative functional groups were observed in the results of FTIR spectrum in 

the water samples of chapter III and that in the sediments, the plastics could be 

adsorbed the charged compounds such as heavy metals and nutrients. In 

addition, the aggregation with biofouling and the other substances also 

increases the density of plasticles and affects the vertical transportation or the 

sedimentation of them.  

In contrast, the non-significant relation between plastics and the 

considered factors of sediment may infer that the sedimentation of plastics was 

not regulated by the settled sediment. The observed relation between plastics 

with some substances in sediment may be caused by those substances were 

consisted in plastic chemicals. The contamination of some substances in 

sediment may be mainly affected by the abundance of plastics. 

The significantly positive correlation between MPs, especially PE, and 

the sediment parameters may be predicted that the plasticles may accumulate 

those substance in the water column and settle as the sediment. Due to light 

density of plastics, it can say that the sedimentation of plastics request time for 

aggregating with several compounds. Inversely, the heavy density plastics 

may be settled before the surface fouling was formed, and this may affect no 

relation between MPs and sediment parameters. Because some sediments 

consisted of MPs, the detected substances in sediments are probably to be 

sourced from the additive chemicals or accumulated substances in MPs 

contents. 
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4.4 Heavy metal contamination in microplastics 

Beside MPs-substance compound aggregation in sediment, MPs were 

consisted of the plastic materials and the adherence or fouling on surface of plastic 

particles. This study, the fouling content and plastic content were extracted the 

component of MPs. The contamination of heavy metals (As, Cd, Co, Cr, Cu, Mn, Ni, 

Pb, and Zn) in both contents was analyzed. The results found that the fouling content, 

accounted for 87-99% of total mass of extracted MPs, was more contaminated with 

heavy metals than that of plastic content. 

The proportion of heavy metals in MPs shows contamination in both fouling 

content and plastic content (Figure 4.11). The fouling on surface of MPs played the 

important role in heavy metals accumulation; however, the plastic content was 

contained with some heavy metals, Ni, As, Pb, and Cu, for example. The heavy 

metals in fouling content might be regulated by the adsorption of active functional 

groups in fouling substances, while the contamination in plastic content poses to be 

sourced by plastic additive chemicals. But the oxidative groups in MPs could be 

considered that they can be active groups for heavy metal adsorption, the small size of 

MPs also increased the active surface area, in addition. The adsorption experiments 

showed that the surface charge and oxidized functional groups of aged MPs could 

increase heavy metal sorption, compared to the virgin microplastics [69, 72, 105]. The 

fouling contaminations analysis showed that the adhesion components were the key 

for pollution accumulation on MPs. The results were similar with the higher 

concentration of heavy metals detected in extraneous solids than that in plastic pellets 

from beaches [70]. A concern about MPs with the toxic substances such as heavy 

metals may be the releasing of toxic after MPs were ingested. 

The MPs were the accumulate substrates for heavy metals as the concentration 

of heavy metals in MPs was significantly magnified from the sediment with 1 to 6 

orders of magnitude, compared between mass of MPs and mass of sediment (Figure 

4.12). No statistical difference of most heavy metals contamination in MPs between 

season were observed with 95% confident level (p>0.05). Interestingly, this study 

observed the heavy metal contaminations in MPs were in very low level when 

considering by weight of sediment that MPs were contaminated. However, the 
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contaminations by weight of MPs still be in the high level that have the similar trend 

with the previous study. The analysis of heavy metals in MPs from littoral zone 

revealed that the contamination was greater than that in sediment [65, 73]. 

Comparison between field collected samples and recently manufacturing samples 

observed that the Cu and Pb were more contaminated in field samples, while Zn and 

Cd were recently manufacturing samples [71]. The determination represented that the 

sorption and desorption were depended on plastic types and species of heavy metals. 

The exposure of MPs may course adverse effects from heavy metals than that 

of sediment. The weak acid (0.1 M HNO3) could be desorbed Cd that adsorbed on 

MPs [127]. The mobilization test resulted that Cd was released from plastic-sediment 

mixture greater than that from sediment alone [129]. The physiologically based 

extraction tests presented that the heavy metals in MPs could be released under the 

synthetic digestive characteristics of seabird [67, 68]. It must be noted that the 

extraction was the simulation results for MPs selective ingestion. The accumulation 

and releasing of heavy metals in MPs may relate to the adsorption mechanism either 

physical adsorption of the increasing surface area of MPs or/and chemical adsorption 

of oxidative function group in MPs structures. Considering the whole ecological 

system, the contamination of heavy metals in MPs may be a small fraction in the 

contamination of sediment. Thus, this contamination may give a minor risk to the 

ecosystem, but it may be increased when the contamination of MPs was amplified. 

 

Figure 4.11 Proportion of heavy metals by weight of MPs in plastic content ( ) and 

fouling content ( ) of microplastics   



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

108 

 

  

A
s 

C
d
 

C
o

 

 
 

 
C

r 
C

u
 

M
n
 

 
 

 
N

i 
P

b
 

Z
n
 

 
 

 
F

ig
u

re
 4

.1
2
 

C
o
n
ce

n
tr

at
io

n
 o

f 
h
ea

v
y
 m

et
al

s 
(A

s,
 C

d
, 
C

o
, 
C

r*
, 

C
u
, 
M

n
, 
N

i,
 P

b
, 
an

d
 Z

n
) 

in
 m

ic
ro

p
la

st
ic

s 
an

d
 s

ed
im

en
ts

 

*
 C

o
n

ce
n

tr
at

io
n

 o
f 

C
r 

in
 w

et
 s

ea
so

n
 w

as
 i

n
v

es
ti

g
at

ed
 i

n
 J

u
ly

 2
0

1
7

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

109 

 

4.5 Summary of microplastics accumulation in sediment 

Variation of MPs were investigated in the sediment of the inner GT. High 

contamination in the river estuaries showed MPs were trapped according to high 

sedimentation rate of the geo-hydrological characteristics. PA and poly (acrylonitrile: 

butadiene), seawater-higher density plastics, were the most common MPs in the 

surface sediment; however, the seawater-lower density plastics of PE and PP also 

observed. Wet season affected the contamination of MPs increasingly dispersed to the 

coastal sea, and that decreased the proportion of light density plastics. The 

relationship between MPs and sediment parameters suggested that either hetero 

aggregation of plastics-suspended solids and the density of plastics may result MPs 

accumulate in the bed sediment. Significantly, the contamination of heavy metals in 

MPs were magnified from that in the sediment, but the contamination seems to be a 

minor compared to the weight of sediment. It may be probable to state that the 

contamination of heavy metals in MPs does not affect the risk of MPs contamination 

in the sediment ecosystem. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER V 

POLLUTION ASSESSMENTS FOR CONTAMINATION OF 

MICROPLASTICS: CASE STUDY IN THE INNER GULF OF THAILAND 

The pollution indexes of contamination factors, pollution load index, polymer 

hazard risk index, and ecological risk index were modified for the pollution 

assessment of microplastics with the co-contamination of heavy metals in sediment of 

the inner Gulf of Thailand. The assessment showed that the contamination level of 

MPs is in the level of very high abundance with the high polymer hazard risk index. 

The ecological risk of MPs in the study area was in the moderate-risk level in dye 

season and that was in the high-risk level in the wet season. However, the risk from 

heavy metal contaminated in MPs resulted small faction compared with the total 

sediment. The revised ecological risk model for MPs assessment can be integrated to 

the potential ecological risk index for evaluating the total risk of toxic substances in 

the ecosystem. 

5.1 Limitation in assessing ecological impacts of microplastics 

After plastic debris entered to the aquatic environment, it could be fragmented 

to small size of microplastics (MPs) and mixed with suspended solid in the water 

system. The accumulation of surrounding chemicals and formulation with 

microorganism have been hypothesized as a cause of MP contamination in 

sedimentary system. The contaminations of MPs, however, are confirmed by 

environmental monitoring, it is important to answer how those impact to the 

ecosystem. 

The potential ecological risk index was modeled for accuracy, simplicity, and 

rapidity in evaluated impacts or risk of contaminants in ecosystem [96]. In simply, the 

model firstly assessed the contamination factors (Cf) of toxic substances by using 

concentration of contaminants in the samples and that in natural background. The 

toxic response factor of the toxicants was used for calculated ecological risk factors 

(Er) of those substances. Finally, the potential ecological risk index (RI) was scaled 

the risk in contamination by summing all ER of considered toxicants. Calculated risk 

for plastics, the polymer hazard ranking score was proposed [8]. The value of that is 
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included the hazard score from plastic monomer mass composition. Evaluating 

ecological risk of MPs, the polymer hazard ranking score was used in RI model as 

toxic respond factor of the MPs [18, 32]. 

Realistically, MPs may physically entangle and reduce food consumption; 

however, the toxicity of MPs has been viewed that it was course of plastic monomer 

chemicals, additive chemicals, and adsorbed environmental toxicants. Calculated for 

polymer hazard score, some plastic monomers were carcinogenic and mutagenic [8]. 

In addition, the functional additive chemicals, colorants, filler, and reinforcement that 

used to improve plastic properties and their function were toxic substances such as 

organic and metal compounds [100]. Moreover, plastics have tendency in 

accumulated both persistence organic pollutants [86-89] and heavy metals [69, 71-73, 

93] from the environment, and that may be increased because of high active surface 

area of small size oxidized MPs. Releasing toxics from MPs, has been focused that 

MPs may be vector for transporting toxicants to organism. By these reasons, physical 

characteristics, monomer composition, and toxic substances accumulation in MPs 

should be used in impact evaluation. In the other site, the evaluation of eco-risk on 

MPs by using all characters of plastics is very limited because: 1) there is no evident 

to confirm that how the MPs affect to the ecological system, 2) it is no clear standard 

definition for the factor that may affect the toxic characteristics of MPs, especially for 

physical characteristics of MPs, such as sizes, shapes, and colors, 3) the background 

concentration, or the threshold concentration of MPs, is not investigated, and 4) the 

criteria for scaling the risk is not clearly developed. 

Previous research proposed the modified eco-risk model for assessing plastic 

monomer chemical risk of MPs contaminated in surface water and sediment. 

Importantly, the other toxic substances in MPs should be integrated in the risk 

evaluation. The physiological-based extraction test, simulation of bird digestive 

characteristics, presented heavy metals in plastics significantly released after ingested 

by seabirds [65, 67, 68]. Thus, this study, plastic monomer chemicals and heavy 

metals, which are plastic additives and adsorbed toxicants, were analyzed and 

included in the risk assessment of MPs contamination in sediment of the inner GT. 

The quantity of plastic types and heavy metals (Cd, Co, Cr, Cu, Mn, Ni, Pb and Zn) in 
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MPs were analyzed. The universal models of contamination factor, contamination 

degree, pollution load index and ecological risk assessment were modified. 

5.2 Model approach for microplastics pollution indexes 

This study focused on the pollution of MPs in sedimentological system where 

the pollutants were long-term accumulated in the concerned area. The model approach 

was applied from the previous studies that based on Hakanson’s models included: 

5.2.1 Contamination factor (Cf) 

The contamination level of MPs in sediment was assessed by modified 

contamination factors (Cf) of heavy metals contamination in sediment of 

Hakanson [96]. All MPs with any chemical types and any varied sizes were 

considered as a one type of substance namely MPs; the Cf (equation 1) could 

be accounted for relative comparison of MPs in the focused area with 

background concentration. 

Cf
i =

C0−1
i

Cref
i  (1) 

Where Cf
i is contamination factor of the pollutant, 

 C0−1
i  is concentration of the pollutant in surface sediment, 

 Cref
i  is reference concentration of the pollutant. 

Cref value for heavy metals and MPs were listed in Table 5.1. Because 

this model was modified from assessing heavy metal pollution model, Cref 

originally is background concentration of those pollutants in non-

anthropogenic influenced sediment. Meanwhile, Cref for anthropogenic 

substances should not be available. However, the minimum concentration of 

non-natural source substance like polychlorinated biphenyl (PCB) was used in 

the model [96]. By this reason, it is possible to use the minimum concentration 

of MPs in sediment profile as the reference concentration by assume the 

environmental impacts were non-significant in that concentration. According 

to the lowest abundance of MPs in the vertical profile of the chapter IV, the 

value of Cref in this study was proposed to be 70 pieces/kg DW.  
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5.2.2 Pollution load index (PLI) 

Pollution load index (PLI) objectives to assess and compare pollution 

level in different dynamic area, especially the river estuarine system [99]. 

According to Cf of MPs, the pollution load index of MPs could be assessed 

(equation 2). 

PLIArea = √Cf,1
i × Cf,2

i × … × Cf,n
in

 (2) 

Where PLIArea is pollution load index of the pollutant in the area A, 

 Cf,n
i  is contamination factor of pollutant in station n of the 

considered area.is contamination factor of the 

pollutant in station n of the considered area. 

As the following terminology of PLI was the geometrical average of 

Cf, the output value should be the same interpretation. Based on the 

background of the model, the contamination level of heavy metals, PCB, and 

MPs was showed in Table 5.2. The first describing for Cf was proposed for 

heavy metal and PCB pollution by Hakanson, 1980. However, the risk scale of 

MPs was given for the value of PLI by Pei Xu, et al., 2018. The risk category 

for MPs was followed the hazard score that used in plastic chemical hazard 

ranking. 
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Table 5.1 Reference concentrations of heavy metals, polychlorinated biphenyl, and 

microplastics in sediment 

Substance Reference concentration, Cref Unit 

Zn[96] 175 mg/kg DW 

Mn[137, 138] 540 mg/kg DW 

Cr[96] 90 mg/kg DW 

Co[137, 138] 10 mg/kg DW 

Cu[96] 50 mg/kg DW 

Ni[139] 5 mg/kg DW 

Pb[96] 70 mg/kg DW 

As[96] 15 mg/kg DW 

Cd[96] 1.0 mg/kg DW 

Hg[96] 0.25 mg/kg DW 

PCB[96] 0.01 mg/kg DW 

MPs (This study) 70 piece/kg DW 

Table 5.2 Contamination level and risk level criteria of heavy metal, 

polychlorinated biphenyl, and microplastics pollution 

Contamination factor (Cf) and pollution load index (PLI) 
Contamination level 

(Risk category) 
Heavy metals and PCB [96] Microplastics [18] 

<1 <10 Low (I) 

1-3 10-20 Moderate (II) 

3-6 20-30 Considerable (III) 

>6 >30 High (IV) 
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5.2.3 Potential ecological risk index (RI) 

Due to plastic monomer chemical and contaminated chemicals 

(additives and adsorbed pollutants), risk index of MPs in considered station i 

(Er
MPs) should be calculated from the eco-risk factors (Er

Pl) of plastic content 

and co-contaminant content (Er
Cont,i

) (equation 3). 

Er
MPs = ∑ Er

Cont,i + Er
Pln

i=1  (3) 

The eco-risk factor of plastic monomer chemical (Er
Pl) and that of 

contaminants (Er
Cont) were conceptually described followed toxic-response 

factors and contamination factors. 

1) Potential eco-risk from contaminated heavy metal in MPs 

As the eco-risk model was proposed for, the considered toxicants 

accumulated in MPs (heavy metals, or persistent organic pollutants) were 

analyzed and calculated for the eco-risk factor from the co-contamination in 

MPs (Er
Cont,i 

, equation 5). 

Er
Cont,i = Tr

Cont,i × Cf
Cont,i

 (5) 

Where Tr
Cont,i

 is toxic response value of the contaminant, 

 Cf
Cont,i

 is contamination factor of the contaminant in MP 

(mg/kg DW sediment). 

The toxic response factors (Tr
Cont,i

) could be taken from Hakanson [96] 

and Xu et al. [97]. For example, the Tr
Cont,i

 of heavy metals was listed in Table 

5.3. Bioproduction index (BPI) was assumed to be 5 represented to the 

intermediate score in normal condition characteristic for moderately eutrophic 

status. 
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Table 5.3 Toxic response factors of heavy metals and polychlorinated biphenyl 

Substance Toxic response factors (Tr
cont) 

Zn[96, 97] 1 ∙ ξ5/ξ𝐵𝑃𝐼 

Mn[97] 1 ∙ ξ5/ξ𝐵𝑃𝐼 

Cr[96, 97] 2 ∙ ξ5/ξ𝐵𝑃𝐼 

Co[97] 5 ∙ ξ5/ξ𝐵𝑃𝐼 

Cu[96, 97] 5 ∙ ξ5/ξ𝐵𝑃𝐼 

Ni[97] 5 ∙ ξ5/ξ𝐵𝑃𝐼 

Pb[96, 97] 5 ∙ ξ5/ξ𝐵𝑃𝐼 

As[96, 97] 10 

Cd[96, 97] 30 ∙ ξ5/ξ𝐵𝑃𝐼 

Hg[96, 97] 40 ∙ 5/𝐵𝑃𝐼 

PCB[96, 97] 40 ∙ 𝐵𝑃𝐼/5 

The ecological risk level of heavy metals and polychlorinated biphenyl 

according to Hakanson’s model was illustrated in Table 5.4. The ecological 

risk level was considered by ER of the most toxic substance in the normal 

condition (BPL=5 for PCB or Hg, Tr=40) and no contamination from the 

considered substance (Cf=1). Thus, ER was 40 for the low-risk level. The 

higher risk levels were defined by geometric sequence by 2 multiplied for each 

stage of Er. Scaling risk index (RI) was the summation of Er for all considered 

substance in the same condition for scaling Er with adding margin of 

uncertainty. It must be noted only 8 substances (Zn, Cr, Cu, Pb, As, Cd, Hg, 

and PCB) were considered in the proposed model. Mn, Ni, and Co were 

additionally considered after the Tr of them was calculated by Xu, 2008. 

However, the RI scale still be in the same margin, when the new pollutants 

were added to the model. The potential eco-risk from contaminated heavy 

metal in MPs was the summation of contaminated substance’ Er 
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Table 5.4 Ecological risk criteria of heavy metals and polychlorinated biphenyl [96] 

Ecological factor 

(Er
Cont,i

) 

Risk index  

(11 substances) 

∑ Eri
Cont11

i=1  

Risk level 

<40 <150 Low ecological risk 

40-80 150-300 Moderate ecological risk 

80-160 300-600 Considerable ecological risk 

160-320 600-1200* High ecological risk 

>320 >1200* Very high ecological risk 

* The scale of high risk and very high-risk level were modified from the proposed model for 

balancing scale of risk index and ecological factor 

2) Potential eco-risk from plastic monomer composition 

The risk assessment of MPs using monomer chemicals was modified 

by Peng et al. [32] and Xu et al. [18] (equation 5). The concentration of MPs 

and quantitative monomer composition in the samples might be used. The 

hazard ranking score of each detected monomer can be taken from Lithner et 

al. [8] (Table 5.5). 

Hr
Pl = ∑

CPl,i

CMPs × SPl,in
i=1  (5) 

Where Hr
Pl is hazard risk index of plastic chemicals, 

 CPl,i is concentration of plastic monomer type i, 

 CMPs is concentration of total MPs, 

 SPl,i is hazard ranking score of plastic chemical type i. 
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The concentration of total MPs was used to calculated ecological risk 

of plastic monomer i (Er
Pl, equation 6). 

Er
Pl = Hr

Pl × Cf
MPs (6) 

Where Er
Pl is eco-risk index of monomer chemicals, 

 Hr
Pl is hazard risk index of plastic chemicals, 

 Cf
MPs is contamination factor of MPs. 

The criteria for ecological risk of MPs were showed in Table 5.6. Xu et 

al. 2018 had provided the risk scale of MPs was provided for polymer index 

(referred as hazard risk index of this study) and pollution load index (or the 

contamination factor, in the same concept). Peng et al. were proposed the 

concept of ecological risk factor that presented in equation 6. Hr
Pl can be 

referred to toxic response factors of MPs. 

This study calculated the eco-risk criteria using Peng’s ecological risk 

equation and following the Hakanson’s concept. However, using the 

maximum toxic response factors, or hazard risk index for plastic, (Hr
Pl =

10000) with the condition of the lowest risk of contamination (Cf=10) results 

non-balance scale with the eco-risk scale for heavy metal pollution assessment 

(Table 5.6). The hazard ranking score of plastic chemicals (SPl) was developed 

by hazard grade of the hazard classification score, taken from the Annex VI in 

the EU classification, labelling and packaging (CLP) regulation which is based 

on the UN Globally Harmonized System (GHS) [8]. The human health risk, 

carcinogenicity, and germ cell mutagenicity, for example, was included in the 

hazard grade for scoring SPl. Considering the level of ecological risk, the risk 

index of MPs should be higher than 10000 for represent the moderate risk as 

the scale was followed Peng’s ecological risk equation. In contrast, the 

moderate risk of the toxic substances like heavy metals and PCB was 

considered while the eco-risk index was higher than 40 followed Hakanson’s 

eco-risk model. In the hazard ranking of plastic score calculation [8], it is 

acceptable that the maximum score of ten thousand (10000) can be the 

comparative value for human risk, but this value was over scale for the 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

119 

 

ecological risk compared with PCB. Because of the large area of ecological 

system, it might be reasonable to say the sensitivity in ecological risk was less 

than human risk. In short, the plastics should have lower risk than the pure 

anthropogenic toxicants like PCB. The scale in sensitivity of plastic risk for 

eco-risk evaluation should be adjusted to be the same scale with the other 

pollutants. Thus, the ecological risk factor of plastics (Er
Pl) was divided by 

10000, the maximum hazard ranking score (equation 7).  

Er
Pl =

1

10000
× Hr

Pl × Cf
MPs (7) 

Accordingly, the maximum value for low risk of plastics was reduced 

to be 10. The ecological risk criteria of MPs pollution were revised for the risk 

from plastic monomers: 

Er
i < 10 low potential ecological risk, 

10 ≤ Er
i <  20 moderate potential ecological risk, 

20 ≤ Er
i < 40 considerable potential ecological risk, 

40 ≤ Er
i < 80 high potential ecological risk, 

80 ≤ Er
i   very high potential ecological risk. 

The criteria for risk index (RI) of the potential ecological risk in the 

considered area are summarized in Table 5.6. The risk scale was included the 

risk from MPs and the other contaminants of heavy metals (As, Cd, Cu, Co, 

Cr, Cu, Hg, Mn, Ni, Pb, Zn) and PCB. 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

120 

 

 

T
a
b

le
 5

.5
 

H
az

ar
d
 r

an
k
in

g
 s

co
re

 o
f 

p
la

st
ic

 c
h
em

ic
al

s 
 

P
o

ly
m

er
 

ID
 c

h
em

ic
al

 
H

az
ar

d
 s

co
re

  

(S
P

l )
 [

8
] 

A
cr

y
li

c 
re

si
n

 
P

o
ly

ac
ry

lo
n
it

ri
le

 (
P

A
N

) 
an

d
 c

o
p

o
ly

m
er

s 
P

o
ly

ac
ry

lo
n
it

ri
le

 
1
1

5
2
1
 

P
o

ly
ac

ry
lo

n
it

ri
le

 w
it

h
 v

in
y
l 

ac
et

at
e
 

1
0

5
9
9
 

P
o

ly
ac

ry
lo

n
it

ri
le

 w
it

h
 m

et
h
y

l 
ac

ry
la

te
 

1
0

6
8
5
 

P
o

ly
ac

ry
lo

n
it

ri
le

 w
it

h
 m

et
h
y

l 
m

et
h
ac

ry
la

te
 

1
0

6
8
1
 

P
o

ly
ac

ry
lo

n
it

ri
le

 w
it

h
 a

cr
y
la

m
id

e
 

1
2

3
7
9
 

M
o
d

ea
cr

y
li

c 
w

it
h

 v
in

y
li

d
en

e 
ch

lo
ri

d
e 

6
9

5
7
 

M
o
d

ea
cr

y
li

c 
w

it
h

 v
in

y
l 

b
ro

m
id

e 
1
0

9
1
3
 

M
o

d
ea

cr
y
li

c 
w

it
h
 v

in
y

l 
ch

lo
ri

d
e 

1
0

9
1
3
 

P
o

ly
m

et
h

y
l 

m
et

h
ac

ry
la

te
 (

P
M

M
A

) 
P

o
ly

 (m
et

h
y
l 

m
et

h
ac

ry
la

te
);

 2
-P

ro
p
en

o
ic

 a
ci

d
, 

2
-m

et
h

y
l-

, 
m

et
h
y

l 
es

te
r,

 h
o
m

o
p
o

ly
m

er
 

1
0

2
1
 

F
lu

o
ro

p
o
ly

m
er

 
P

o
ly

te
tr

af
lu

o
re

th
y

le
n
e 

(P
T

F
E

) 
P

o
ly

te
tr

af
lu

o
ro

et
h

y
le

n
e 

N
o
t 

cl
as

si
fi

ed
 

P
o

ly
v

in
y

li
d

en
e 

fl
u

o
ri

d
e 

(P
V

D
F

) 
p
o

ly
v
in

y
li

d
en

e 
fl

u
o

ri
d

e 
N

o
t 

cl
as

si
fi

ed
 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

121 

 

  

T
a
b

le
 5

.5
 

H
az

ar
d

 r
an

k
in

g
 s

co
re

 o
f 

p
as

ti
c 

ch
em

ic
al

s 
(C

o
n
ti

n
u
o
u
s)

  

P
o

ly
m

er
 

ID
 c

h
em

ic
al

 
H

az
ar

d
 s

co
re

  

(S
P

l )
 [

8
] 

P
o
ly

am
id

e 
(P

A
) 

(a
li

p
h
at

ic
),

 

n
y

lo
n

 

P
o
ly

am
id

e 
6
 -

 N
y
lo

n
 6

 
C

ap
ro

la
ct

am
 p

o
ly

m
er

, 
P

o
ly

am
id

e 
6
, 

N
y
lo

n
 6

; 

P
o

ly
[i

m
in

o
(1

-o
x

o
-1

,6
-h

ex
an

ed
iy

l)
] 

5
0
 

P
o

ly
am

id
e 

6
.6

 –
 N

y
lo

n
 6

.6
 

N
y
lo

n
 6

6
, 
P

o
ly

am
id

 6
,6

; 
P

o
ly

[i
m

in
o

(1
,6

-

d
io

x
o

-1
,6

-h
ex

an
ed

iy
l)

im
in

o
-1

,6
-h

ex
an

ed
iy

l]
 

6
3
 

P
o

ly
am

id
e 

6
.1

0
 –

 N
y
lo

n
 6

.1
0
 

P
o

ly
(h

ex
am

et
h

y
le

n
e 

se
b
ac

am
id

e)
; 

D
ec

an
ed

io
ic

 a
ci

d
, 

p
o

ly
m

er
 w

it
h

 1
,6

-

h
ex

an
ed

ia
m

in
e 

4
7
 

P
o

ly
am

id
e 

1
1
 –

 N
y
lo

n
 1

1
 

U
n
d

ec
an

o
ic

 a
ci

d
, 

1
1

-a
m

in
o
-,

 p
o
ly

am
id

e 
n
o

t 
cl

as
si

fi
ed

 

P
o

ly
am

id
e 

1
2
 –

 N
y
lo

n
 1

2
 

P
o

ly
am

id
e 

1
2
; 

P
o
ly

[i
m

in
o

(1
-o

x
o

-1
,1

2
- 

d
o

d
ec

an
ed

iy
l)

] 

n
o

t 
cl

as
si

fi
ed

 

P
o

ly
am

id
e 

(a
ro

m
at

ic
),

 

ar
am

id
es

 

P
o

ly
(m

-p
h

en
y
le

n
ei

so
p

h
ta

la
m

id
e)

  

(M
P

D
-I

) 
(N

o
m

ex
®

) 

m
-a

ra
m

id
; 

1
,3

-B
en

ze
n
ed

ic
ar

b
o

n
y

l 
d
ic

h
lo

ri
d

e,
 

p
o

ly
m

er
 w

it
h

 1
,3

-b
en

ze
n
ed

ia
m

in
e 

1
1

8
7
 

P
o

ly
(p

-p
h
en

y
le

n
et

er
ep

h
ta

la
m

id
e)

  

(P
P

D
-T

) 
(K

ev
la

r®
 a

n
d

 T
w

ar
o

n
®

) 

p
-a

ra
m

id
 f

ib
ri

ls
 

8
2

9
 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

122 

 

  

T
a
b

le
 5

.5
 

H
az

ar
d

 r
an

k
in

g
 s

co
re

 o
f 

p
la

st
ic

 c
h
em

ic
al

s 
(C

o
n
ti

n
u
o
u
s)

  

P
o
ly

m
er

 
ID

 c
h
em

ic
al

 
H

az
ar

d
 s

co
re

  

(S
P

l )
 [

8
] 

P
o

ly
es

te
rs

 
P

o
ly

la
ct

ic
 a

ci
d
 (

P
L

A
) 

p
o

ly
la

ct
id

e;
 P

ro
p

an
o

ic
 a

ci
d
, 

2
-h

y
d
ro

x
y

-,
 

h
o

m
o
p

o
ly

m
er

 

n
o

t 
cl

as
si

fi
ed

 

P
o

ly
b

u
ty

le
n
e 

te
re

p
h

ta
la

te
 (

P
B

T
) 

P
o

ly
(b

u
ty

le
n
e 

te
re

p
h

th
al

at
e)

; 
1
,4

-

B
en

ze
n
ed

ic
ar

b
o

x
y

li
c 

ac
id

, 
p
o

ly
m

er
 w

it
h

 1
,4

-

b
u

ta
n
ed

io
l 

n
o

t 
cl

as
si

fi
ed

 

P
o

ly
ca

rb
o

n
at

es
 (

P
C

) 
P

o
ly

ca
rb

o
n
at

e,
 p

h
o

sg
en

e;
 c

ar
b
o

n
y

l 

ch
lo

ri
d

e 

1
1

7
7
 

P
o

ly
ca

rb
o

n
at

e,
 D

ip
h
en

y
l 

ca
rb

o
n
at

e
 

6
1

0
 

P
o

ly
et

h
y

le
n
e 

te
re

p
h

th
al

at
e 

(P
E

T
) 

P
o

ly
(e

th
y

le
n
e 

te
re

p
h

th
al

at
e)

; 
P

o
ly

(o
x
y

-1
,2

-

et
h
an

ed
iy

lo
x
y
ca

rb
o
n
y

l-
1
,4

-

p
h

en
y

le
n
ec

ar
b
o

n
y

l)
 

4
 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

123 

 

  

T
a
b

le
 5

.5
 

H
az

ar
d

 r
an

k
in

g
 s

co
re

 o
f 

p
la

st
ic

 c
h
em

ic
al

s 
(C

o
n
ti

n
u
o
u
s)

  

P
o

ly
m

er
 

ID
 c

h
em

ic
al

 
H

az
ar

d
 s

co
re

  

(S
P

l )
 [

8
])

  

P
o

ly
et

h
y

le
n

es
 

L
o

w
-d

en
si

ty
 p

o
ly

et
h
y
le

n
e 

(L
D

P
E

) 
P

o
ly

et
h
y

le
n
e;

 E
th

en
e,

 h
o
m

o
p

o
ly

m
er

 
1

1
 

L
in

ea
r-

lo
w

-d
en

si
ty

 p
o
ly

et
h
y
le

n
e 

(L
L

D
P

E
) 

E
th

en
e-

1
-b

u
te

n
e 

co
p

o
ly

m
er

 (
L

L
D

P
E

);
 1

-

B
u
te

n
e,

 p
o
ly

m
er

 w
it

h
 e

th
en

e 

1
0
 

H
ig

h
-d

en
si

ty
 p

o
ly

et
h
y
le

n
e 

(H
D

P
E

) 
P

o
ly

et
h
y
le

n
e;

 E
th

en
e,

 h
o
m

o
p

o
ly

m
er

 
1

1
 

E
th

y
le

n
e 

v
in

y
l 

ac
et

at
e 

(E
V

A
) 

an
d

 

et
h

y
le

n
e 

v
in

y
l 

al
co

h
o

l 
(E

V
O

H
) 

et
h
y

le
n
e 

v
in

y
l 

ac
et

at
e 

n
o

t 
fo

u
n

d
 

S
ty

re
n
ic

 r
es

in
s 

P
o

ly
st

y
re

n
e 

(P
S

) 
P

o
ly

st
y
re

n
e;

 B
en

ze
n
e,

 e
th

en
y

l-
, 
h

o
m

o
p
o
ly

m
er

 
3

0
 

E
x

p
an

d
ed

 p
o
ly

st
y

re
n
e 

(E
P

S
) 

P
o

ly
st

y
re

n
e;

 B
en

ze
n
e,

 e
th

en
y

l-
, 
h

o
m

o
p
o
ly

m
er

 
4

4
 

H
ig

h
-i

m
p
ac

t 
p

o
ly

st
y

re
n
e 

(H
IP

S
) 

S
ty

re
n
e-

1
,3

-b
u
ta

d
ie

n
e 

co
p

o
ly

m
er

; 
B

en
ze

n
e,

 

et
h
en

y
l-

, 
p

o
ly

m
er

 w
it

h
 1

,3
-b

u
ta

d
ie

n
e 

1
6

2
8
 

A
cr

y
lo

n
it

ri
le

-b
u

ta
d
ie

n
e-

st
y
re

n
e 

(A
B

S
) 

te
rp

o
ly

m
er

 

ac
ry

lo
n
it

ri
le

-b
u

ta
d
ie

n
es

ty
re

n
e 

te
rp

o
ly

m
er

; 
2

-

P
ro

p
en

en
it

ri
le

, 
p

o
ly

m
er

 w
it

h
 1

,3
-b

u
ta

d
ie

n
e 

an
d

 e
th

en
y

lb
en

ze
n
e 

6
5

5
2
 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

124 

 

  

T
a
b

le
 5

.5
 

H
az

ar
d
 r

an
k
in

g
 s

co
re

 o
f 

p
la

st
ic

 c
h
em

ic
al

s 
(C

o
n
ti

n
u
o
u
s)

  

P
o

ly
m

er
 

ID
 c

h
em

ic
al

 
H

az
ar

d
 s

co
re

  

(S
P

l )
 [

8
] 

S
ty

re
n
ic

 r
es

in
s 

S
ty

re
n
e-

ac
ry

lo
n
it

ri
le

 (
S

A
N

) 
co

p
o
ly

m
er

 
S

ty
re

n
e-

ac
ry

lo
n
it

ri
le

 c
o

p
o

ly
m

er
; 

2
-

P
ro

p
en

en
it

ri
le

, 
p

o
ly

m
er

 w
it

h
 e

th
en

y
lb

en
ze

n
e
 

2
7

8
8
 

O
th

er
 t

h
er

m
o

p
la

st
ic

s 
 

P
o

ly
o

x
y
m

et
h
y

le
n
e 

(P
O

M
) 

an
d
 

co
p

o
ly

m
er

s 

p
o

ly
m

er
 P

O
M

, 
h

o
m

o
p
o

ly
m

er
 

1
5

0
0
 

P
O

M
, 

co
p

o
ly

m
er

 w
it

h
 e

th
y
le

n
e 

o
x
id

e 
8

7
1
 

P
O

M
, 
co

p
o

ly
m

er
 w

it
h

 d
io

x
o

la
n
e 

1
0

3
 

P
o

ly
p

h
en

y
le

n
e 

et
h
er

 (
P

P
E

),
 a

ls
o
 c

al
le

d
 

P
o
ly

p
h

en
y
le

n
e 

o
x
id

e 
(P

P
O

) 

P
h

en
o

l,
 2

,6
-d

im
et

h
y

l-
, 
h

o
m

o
p

o
ly

m
er

 
4

0
0
 

P
o

ly
p

h
en

y
le

n
e 

su
lp

h
id

e 
(P

P
S

) 
P

o
ly

p
h

en
y
le

n
e 

su
lf

id
e;

 B
en

ze
n
e,

 1
,4

-d
ic

h
lo

ro
-

, 
p

o
ly

m
er

 w
it

h
 s

o
d
iu

m
 s

u
lf

id
e 

(N
a2

S
) 

8
9

7
 

P
o

ly
p

ro
p
y
le

n
e 

(P
P

) 
P

ro
p
y

le
n
e 

p
o
ly

m
er

; 
1

-P
ro

p
en

e,
 h

o
m

o
p

o
ly

m
er

 
1

 

P
o

ly
v

in
y

l 
ac

et
at

e 
(P

V
A

c)
 a

n
d

 p
o
ly

v
in

y
l 

al
co

h
o

l 
(P

V
O

H
) 

P
o

ly
 (

v
in

y
l 

ac
et

at
e)

 
1

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

125 

 

  

T
a
b

le
 5

.5
 

H
az

ar
d
 r

an
k
in

g
 s

co
re

 o
f 

p
la

st
ic

 c
h
em

ic
al

s 
(C

o
n
ti

n
u
o
u
s)

 

P
o

ly
m

er
 

ID
 c

h
em

ic
al

 
H

az
ar

d
 s

co
re

  

(S
P

l )
 [

8
] 

O
th

er
 t

h
er

m
o

p
la

st
ic

s 
P

o
ly

v
in

y
l 

ch
lo

ri
d

e 
(P

V
C

) 
P

V
C

, 
ri

g
id

 
1
0

0
0
1
 

P
V

C
, 

p
la

st
ic

is
ed

 m
o
st

 t
o

x
ic

 p
la

st
ic

is
er

 (
B

B
P

) 
1
0

5
5
1
 

P
V

C
, 

p
la

st
ic

is
ed

 l
ea

st
 t

o
x
 (

N
c)

 p
la

st
ic

is
er

 
5

0
0

1
 

T
h

er
m

o
p

la
st

ic
 e

la
st

o
m

er
 

T
h

er
m

o
p

la
st

ic
 

p
o

ly
u
re

th
an

es
 

(T
P

U
) 

(l
in

ea
r 

p
o

ly
u
re

th
an

es
) 

T
h

er
m

o
p

la
st

ic
 p

o
ly

u
re

th
an

es
 (

T
P

U
) 

 

p
o

ly
es

te
r 

b
as

ed
 s

o
ft

 e
x
am

p
le

 

5
5

6
 

T
h

er
m

o
p

la
st

ic
 p

o
ly

u
re

th
an

es
 (

T
P

U
) 

 

p
o

ly
es

te
r 

b
as

ed
 r

ig
id

 e
x
am

p
le

 

1
0

9
4
 

A
m

in
o

 p
la

st
ic

s 
(r

es
in

) 
M

el
am

in
e-

fo
rm

al
d

eh
y

d
e 

re
si

n
 (

M
F

) 
M

el
am

in
e-

fo
rm

al
d

eh
y

d
e 

p
o
ly

m
er

; 
1
,3

,5
-

T
ri

az
in

e-
2
,4

,6
-t

ri
am

in
e,

 p
o

ly
m

er
 w

it
h

 

fo
rm

al
d

eh
y

d
e 

8
8

2
 

U
re

a-
fo

rm
al

d
eh

y
d
e 

re
si

n
 (

U
F

) 
C

ar
b
am

ic
 a

ci
d
, 

b
u
ty

l 
es

te
r,

 p
o
ly

m
er

 w
it

h
 

fo
rm

al
d

eh
y

d
e 

7
5

0
 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

126 

 

  

T
a
b

le
 5

.5
 

H
az

ar
d
 r

an
k
in

g
 s

co
re

 o
f 

p
la

st
ic

 c
h
em

ic
al

s 
(C

o
n
ti

n
u
o
u
s)

 

P
o

ly
m

er
 

ID
 c

h
em

ic
al

 

H
az

ar
d

 s
co

re
  

(S
P

l )
 [

8
] 

E
p

o
x

y
 r

es
in

s 
E

p
o

x
y
 r

es
in

s 
E

p
o
x

y
 r

es
in

s 
(l

o
w

 m
w

, 
m

o
st

 t
o

x
 c

u
ri

n
g
 a

g
en

t 

M
D

A
) 

7
1

3
9
 

E
p

o
x

y
 r

es
in

s 
(l

o
w

 m
w

, 
le

as
t 

to
x
 c

u
ri

n
g
 a

g
en

t 

D
D

S
) 

4
5

1
3
 

P
h

en
o

l 
fo

rm
al

d
eh

y
d

e 
re

si
n

s 

(P
F

) 

P
h

en
o

l 
fo

rm
al

d
eh

y
d
e 

re
si

n
s 

(P
F

) 
P

h
en

o
l,

 p
o
ly

m
er

 w
it

h
 f

o
rm

al
d

eh
y

d
e 

w
it

h
 

n
o

v
o

la
cs

 r
ea

ct
io

n
 

1
4

5
0
 

P
h

en
o

l,
 p

o
ly

m
er

 w
it

h
 f

o
rm

al
d

eh
y

d
e 

w
it

h
 r

es
o
l 

re
ac

ti
o

n
 

1
5

0
0
 

P
o

ly
u
re

th
an

es
 (

P
U

R
) 

 

(T
h

re
e-

d
im

en
si

o
n

al
) 

P
o

ly
u

re
th

an
es

 (
P

U
R

) 
 

(T
h

re
e-

d
im

en
si

o
n

al
) 

p
o

ly
m

er
, 

fl
ex

ib
le

 P
U

R
, 

ex
am

p
le

 w
it

h
 

p
o

ly
p
ro

p
y
le

n
e 

g
ly

co
l 

1
3

8
4
4
 

p
o

ly
m

er
, 

ri
g

id
 f

o
am

, 
ex

am
p

le
 w

it
h

 

p
o

ly
p
ro

p
y
le

n
e 

g
ly

co
l 

7
3

8
4
 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

127 

 

  

T
a
b

le
 5

.5
 

H
az

ar
d

 r
an

k
in

g
 s

co
re

 o
f 

p
la

st
ic

 c
h
em

ic
al

s 
(C

o
n
ti

n
u
o
u
s)

 

P
o
ly

m
er

 
ID

 c
h
em

ic
al

 

H
az

ar
d

 s
co

re
  

(S
P

l )
 [

8
] 

U
n
sa

tu
ra

te
d

 p
o

ly
es

te
r 

(U
P

) 
U

n
sa

tu
ra

te
d
 p

o
ly

es
te

r 
(U

P
) 

U
P

 e
x

 w
it

h
 p

ro
p

y
le

n
e 

g
ly

co
l,

 p
h

ta
li

c 
an

d
 

m
al

ei
c 

an
h

y
d
ri

d
e 

an
d

 s
ty

re
n
e 

1
1

1
7
 

U
P

 e
x

 w
it

h
 p

ro
p

y
le

n
e 

g
ly

co
l,

 p
h

ta
li

c 
an

d
 

m
al

ei
c 

an
h

y
d
ri

d
e 

an
d

 m
et

h
y

l 
m

et
h
ac

ry
la

te
 

1
4

1
4
 

P
o

ly
el

ec
tr

o
ly

te
 

P
o

ly
ac

ry
li

c 
ac

id
 (

P
A

A
),

  

su
p

er
ab

so
rb

en
t 

p
o

ly
m

er
 

p
o

ly
ac

ry
li

c 
ac

id
 

2
3

0
 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

128 

 

  

T
a
b

le
 5
.6

 
E

co
lo

g
ic

al
 r

is
k
 c

ri
te

ri
a 

o
f 

m
ic

ro
p
la

st
ic

 p
o
ll

u
ti

o
n
 a

ss
es

sm
en

t 

P
la

st
ic

s 
H

ea
v
y

 m
et

al
s 

R
is

k
 i

n
d
ex

 
R

is
k
 l

ev
el

  

(R
is

k
 c

at
eg

o
ry

) 

H
az

ar
d

 

ra
n
k

in
g

 

sc
o
re

 [
8
] 

(S
P

l ) 

H
az

ar
d

 r
is

k
 

in
d

ex
*

 [
1

8
] 

(H
rP

l ) 

C
o

n
ta

m
in

at
io

n
 

fa
ct

o
r*

 [
1

8
] 

(C
f)

 

P
en

g
’s

 

ec
o
lo

g
ic

al
 

ri
sk

 f
ac

to
r*

*
 

[3
2
] 

(E
rP

l ) 

T
h

is
 s

tu
d
y

 

ec
o
lo

g
ic

al
 

ri
sk

 f
ac

to
r 

(E
rP

l ) 

E
co

lo
g

ic
al

 

ri
sk

 f
ac

to
r 

fo
r 

si
n
g

le
 c

o
-

co
n

ta
m

in
an

t 

(E
rH

M
s
) 

1
 

<
1

0
 

<
1
0

 
<

1
0

0
0

0
 

<
1
0

 
<

4
0

 
<

1
5

0
 

L
o

w
 (

I)
 

1
0
 

1
0

-1
0

0
 

1
0

-2
0
 

1
0

0
0
0

-2
0
0
0

0
 

1
0

-2
0
 

4
0

-8
0
 

1
5

0
-3

0
0
 

M
o

d
er

at
e 

(I
I)

 

1
0

0
 

1
0

0
-1

0
0

0
 

2
0

-3
0
 

2
0

0
0
0

-4
0
0
0
0

 
2

0
-4

0
 

8
0

-1
6
0
 

3
0

0
-6

0
0
 

C
o
n

si
d
er

ab
le

 (
II

I)
 

1
0

0
0
 

1
0

0
0

-1
0

0
0

0
 

3
0

-4
0
 

4
0
0

0
0

-8
0
0
0
0

 
4

0
-8

0
 

1
6

0
-3

2
0
 

6
0

0
-1

2
0
0
 

H
ig

h
 (

IV
) 

1
0

0
0
0
 

>
1
0
0

0
0
 

>
4
0

 
>

8
0

0
0

0
 

>
8

0
 

>
3
2
0
 

>
1
2
0

0
 

V
er

y
 h

ig
h

 (
V

) 

*
 T

h
e 

sc
al

e 
w

as
 m

o
d

if
ie

d
 b

y
 g

eo
m

et
ri

c 
an

d
 a

ri
th

m
et

ic
 s

eq
u

en
ce

 f
o

ll
o

w
in

g
 t

h
e 

co
n

ce
p
t 

o
f 

X
u
, 

2
0
1

8
  

*
*

 T
h

e 
sc

al
e 

w
as

 c
al

cu
la

te
d

 f
o

ll
o

w
in

g
 t

h
e 

co
n

ce
p
t 

o
f 

ri
sk

 s
ca

le
 b

y
 H

ak
an

so
n

, 
1

9
8

0
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

129 

 

5.3 Case study in the inner Gulf of Thailand 

The pollution of MPs in surface sediments of the inner Gulf of Thailand (GT) 

was assessed by using the principle of contamination factor, pollution load index, and 

potential ecological risk index. According to modified model, the concentration of 

MPs, and the concentration of heavy metals in MPs were sourced from the results of 

the chapter IV, MPs in sediment of the inner GT. The study area was categorized the 

river estuaries (Mae Klong (MK), Ta Chin (TC), Chao Phraya (CP), and Bang Pakong 

(BK)) and the coastal sea (GT23, GT26, GT39, and GT41). There are three 

components in the eco-risk evaluation of MPs: 1) quantity of MPs contamination, 2) 

polymeric types of MPs, and 3) heavy metals as the additional chemicals. 

5.3.1 Risk from dose of contaminated microplastics 

The contamination factor (Cf) of MPs showed the status of very high 

contamination in surface sediment of the most sampling station although the 

contamination in some stations in dry season were in moderate and 

considerable level (Figure 5.1). Overall, Cf of the study area show the status of 

very high contamination with the arithmetically mean for the value of 104 in 

dry season, and average was increased to 175 in wet season. The geometrical 

mean value of Cf, Pollution load index (PLI), also indicated very high 

contamination for the value of 72 in dry season and 150 in wet season. The Cf 

value of this research was in the higher range compared to the previous 

research due to the analysis methods and the sampling sites. 

Because the Cf was the value for ratio between the sediment 

contaminated toxicants in present and that in pre-industrial age, the 

contamination in the part without or very less anthropogenic influences was 

used as a baseline for the natural substances. The lowest concentration of 

anthropogenic substances in sediment profile was accepted to verified as a 

background of the contamination. Thus, the very high contamination of MPs 

according to the criteria of contamination factor was the result of the high 

abundance of MPs in surface sediments and the very low concentration for the 

compared reference dose. As the result presented in chapter IV, the abundance 

of MPs detected by this study, concentration of the surface sediment (Ci), was 
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higher than the other investigation. In contrast, the reference concentration 

(Cref) was in the same order with that in the assessment of the previous study. 

This study, the background concentration of MPs was revised to be 70 

pieces/kg DW with the plastic confirmed MPs in size of 16-5000 µm. The 

lowest concentration of MPs reported in Thailand, 39.5 pieces/kg DW in the 

beach sand, was used for the risk assessment of beach contamination [140]. 

The minimum concentration in sediment core of the inner GT, 82 pieces/kg 

DW, was reported for MPs in the size of 315-5000 µm [17]. Based on the 

literature, the predicted no effect concentration in marine sediment was 

derived to be 540 pieces/kg DW, however [141]. Although the reference 

concentration was a bit different than previous assessment, it is necessary to 

state that the efficiency of quantification strongly affects to Cf. 

Informationally, the very high level of the contamination may be results of the 

intensive sources of MPs and the suitable factors inducing MPs settle. 

The Cf and PLI of MPs contamination in surface sediments of the inner 

GT revealed the very high level of contamination in surface sediment. These 

values are representing to the dosage of MPs in the present compared with the 

reference concentration or the dose of MPs that might have minimum toxic 

effect. In trust, the toxic of MPs is not only related to the quantity of 

contamination, but also linked to the quality of MPs or the plastic polymer 

chemicals. 

5.3.2 Risk from plastic chemicals 

Polymer hazard risk index for contamination of MPs in sediment of the 

inner GT fell in the category of considerable to high risk (Figure 5.2). The 

average hazard risk index was 3189 in dry season, and that was reduced to be 

1716 in wet season. Accordingly, the coastal sea tends to accumulate risky 

plastic than the river estuaries with the higher value of polymer hazard risk 

index. The major proportion in MPs of the coastal sea sediment, poly 

(acrylonitrile: butadiene), mainly increased the polymer risk index. On the 

other hand, the low hazard scores of PE and PP affect less polymer risk index 

in estuaries although their contamination was larger than poly (acrylonitrile: 
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butadiene). It could be inferred that the risk from plastic chemicals in MPs is 

directly varied by the plastic types and their proportion. 

As the plastics are used as a multifunctional material of ubiquitous 

products, the plastic chemical structures are particularly varied. For example, 

in the group of polyamides (PA) or nylon that observed in all sample, there are 

five different grades and are different in polymerization methods for a 

common commercially available plastic: PA6, PA6.6, PA6.10, PA11, and 

PA12. Several properties were explored by polymeric structure as well as their 

risk. Accordingly, the polymerization reagents were included additionally to 

the monomer chemicals in the hazard score calculation. The hazard score of 

63 for PA6.6 were integrated the hazard grades of methanal as medium for salt 

precipitation and the monomers of adipic acid and hexamethylenediamine, 

while the hazard class of its monomer, 11-aminoundecanoic acid, was not 

classified; as a result, the hazard score for PA11 was not found [8]. This study 

used the maximum hazard score of each group of plastic in the risk evaluation 

for the worst case of contamination. Because there was no report hazard score 

for poly (acrylonitrile: butadiene), the main plastic type in samples, the highest 

score of polyacrylonitrile and copolymer (polyacrylonitrile with acrylamide) 

was applied. However, it is important to note that some copolymers in small 

fraction were not included in the evaluation due to no quantitative data of the 

blending composition. The polymer hazard risk index of MPs was the 

summation of hazard score of each plastic type with their fraction. 

The plastic risk of MPs was conducted by polymer hazard risk index of 

each plastic in the plastic type composition of MPs. The great value of this 

index according to the investigation of this study was affected by the highest 

hazard score of poly (acrylonitrile: butadiene) and the quantity of detected PA 

in the sample. Notably, the hazard index was the comparative scale for plastic 

type proportion in the total MPs.  
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Dry season  

 

 

Wet season 

 

Figure 5.1 Contamination factor (Cf) of microplastics in dry season ( ) and wet 

season ( ) of the river estuaries (MK, TC, CP, and BK) and the coastal 

sea (GT23, GT26, GT39, and GT41), the inner Gulf of Thailand  
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Dry season  

 

 

Wet season 

 

Figure 5.2 Hazard risk index of plastic chemicals (Hr) in dry season ( ) and wet 

season ( ) of the river estuaries (MK, TC, CP, and BK) and the coastal 

sea (GT23, GT26, GT39, and GT41), the inner Gulf of Thailand 
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5.3.3 Risk from heavy metal contamination 

Addition to the polymer chemicals, the other substances are ingredients 

in plastic products for improving the properties of materials. There is a 

concern that some additives may be toxic substances and those may be 

released according to the fragmentation process. Moreover, it is possible to be 

that MPs, the outcome of broken plastics, can accumulate the toxic substances 

from the environment. The ecological risk of toxic substances in plasticles was 

examined for the case of heavy metals. 

The heavy metal accumulation in MPs resulted very low risk as the 

ecological risk was in the range of 0.07-0.13 due to the amount of the 

contamination in sediment of the coastal sea (GT23, GT26, GT39, and GT41) 

(Figure 5.3). The unit for quantifying heavy metals in MPs relatively affects 

the scale of risk index. As the results in chapter IV, the contamination of 

heavy metals in MPs (mg/kg MPs) was higher than that in sediment (mg/kg 

dry sediment). However, the small weigh-fraction of MPs in sediment gave 

exceedingly low concentration when calculate the MPs’ heavy metals as 

weigh of heavy metal by weigh of dry sediments (mg/kg). To assess the eco-

risk of heavy metals in MPs, the contamination by weigh of MPs is not 

acceptable as MPs was not the main component of sediment weight. MPs 

Thus, the contaminations by weigh of dry sediment should be used in the 

evaluation of risk of heavy metals in MPs with objective for presenting the 

status of the pollution in sediment. 

 

Figure 5.3 Ecological risk index (Er) of heavy metals in microplstics for dry season 

( ) and wet season ( ) of the coastal sea, the inner Gulf of Thailand 
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5.3.4 Ecological risk of microplastics 

A concern about risk of MPs is considered it was the effects of their 

persistence, their monomer chemicals, and their additional chemicals. This 

study, the ecological risk index of MPs was revised for the combination of risk 

from dose of MPs (contamination factor of MPs), risk from monomer 

chemicals (polymer hazard risk index), and risk from contaminated heavy 

metals (toxic response factor for heavy metals). 

The proportion of ecological risk index for plastic chemicals and 

contaminated heavy metals in MPs revealed that the risk from heavy metals 

were small fraction in the total risk of MPs (0.2-2.5%) (Figure 5.4). It is 

reasonable to assume that there was no risk from the heavy metal 

contamination in plasticles. Thus, the eco-risk of MPs in estuarine sediments 

were acceptable to be assessed without the addition of the risk from heavy 

metals. Overall, the risk of MPs in the sediment of the inner GT was in the 

moderate level with the average eco-risk index value of 15 in dye season, and 

that was in the considerable level with the average eco-risk index value of 29 

in wet season. Specifically, the ecological risk index of MPs was varied from 

the value of 2 for the low risk to 90 for the very high risk, depending on the 

seasons and area of contaminations (Figure 5.5). Because the contamination in 

estuaries was in the same level of the contamination factors, the polymer 

hazard risk index was the main factor controlling the different risk scale. The 

contamination of MPs in river estuaries resulted low to moderate risk, 

however, the risk in BK river estuary was increased to considerable level in 

wet season due to high contamination and high polymer risk index. The risk of 

MPs in the coastal sea was more fluctuated from the low risk (Er=4) to very 

high risk (Er=90). In the opposite with the estuaries, the quantities of MPs in 

the coastal sea promoted risk index, addition to the same levels of polymer 

risk index along the sampling station. The seasonal variation affected 

increasing risk index to high and very high levels in GT23 and GT39, while 

that was reduced in GT26, and that was not different risk level in GT41. 

Amount of sediment contaminated MPs and plastic type composition of MPs 

are the major factors initiated the ecological risk assessment of MPs. 
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The ecological risk assessment of MPs contamination in surface 

sediment of the inner GT reported the moderate risk level of the 

contamination. According to the assessment in previously study, the lower 

eco-risk level of MPs was evaluated in the shore of Rayong province, 

Thailand, but it must be illustrated only 3 types of plastic (PP, PE, and PS) 

were assessed with the reference concentration from the literature review 

[140]. This study, the several types of plastics were detected and used to 

assess the eco-risk. The modified MPs-risk assessment model was balanced 

for the eco-risk of MPs with the other contamination risk assessment in 

sediment, and the reference concentration of MPs with the minimum 

detectable size was proposed. The risk of MPs was primarily involved from 

the plastic monomer chemicals, while that was a little linked to the 

contaminated substances. Importantly, the risk index of MPs can be integrated 

the assessment of the other substances as they could be polluted in the 

ecosystem. The potential ecological risk index of the concerned area is the 

summation of ecological risk indexes of all considered substance. 

A B 

  

Figure 5.4 Proportion of ecological risk index (Er) for plastic chemicals ( ) and 

contaminated heavy metals in microplstics ( ) in dry season (a) and wet 

season of the coastal sea, the inner Gulf of Thailand 
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Dry season  

 

 

Wet season 

 

Figure 5.5 Ecological risk index (Er) of microplastics in dry season ( ) and wet 

season ( ) of the river estuaries (MK, TC, CP, and BK) and the coastal 

sea (GT23, GT26, GT39, and GT41), the inner Gulf of Thailand  
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5.4 Conclusion and recommendation in microplastics pollution assessment 

The model of ecological risk assessment of MPs in surface sediments was 

revised for combination with the assessment of the risk from the other substances. The 

contamination of MPs in surface sediments of the inner GT was a case study for 

ecological risk assessment. The results revealed the moderate risk level and suggested 

that the risk of MPs was the predominant from plastic monomer chemicals rather than 

heavy metals as the co-contaminants. The risk of MPs was varied by the quantity and 

plastic types of MPs that related to the specific characteristics of contaminated area 

and seasonal variation. The recommendation in pollution assessment of MPs was 

included: 

5.4.1 Quantification of microplastics 

The ideal requirement in MPs analysis was the quantitative measurement in 

the unit of pieces (or items) per dry weight of sediment for each plastic polymer 

chemicals. Various procedures are possible to separate MPs from sediment sample 

because standard method for MPs separation had not been developed. In principle, 

plastics would be floated from sediment by using high density solution. For example, 

NaCl solution (1.2 g/cm3) was recommended for economic and environment friendly, 

while NaI solution (1.6 g/cm3) was suggested for separated high density plastics. 

However, metal solutions, such as ZnCl2 solution (1.6-1.7 g/cm3), are not 

recommended if the contamination of heavy metals in MPs will be analyzed and 

included in the ecological risk index. Similarly, the wet peroxide oxidation process 

(WPO) also be not recommended for removing organic fouling from MPs in case that 

contaminant in MPs will be analyzed. This study suggested the minimum requirement 

for risk assessment of MPs is the quantity of MPs contaminated in surface sediment 

(pieces/kg), the background concentration of MPs, and the proportion of plastic types 

in MPs. Essentially, the plastic type of MPs is the important component that need to 

be identified for at least 30 pieces in one MPs sample or all detected particle if 

applicable. 
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5.4.2 Co-contaminants analysis 

The co-contaminated toxic substances in MPs pose to be the considerable 

property of MPs addition to the stability of the plastic’s structure. The persistent 

organic pollutants (POPs) should be investigated and included to the risk evaluation 

of MPs; however, the extraction process and analytical procedure are needed to be 

calibrated with the certified reference materials. Only hydrophilic pollutants, heavy 

metals, were added to the risk assessment. Thus, the risk assessment of the co-

contaminations of the other substances in MPs, especially POPs, still be necessary to 

be investigated according to hydrophobic properties of plastic chemicals.  

5.4.3 Assessment of the potential ecological risk  

The potential ecological risk index is the summation of the ecological risk 

index of the considered toxic substances. MPs was the new substance added to this 

index. In fact, the eco-risk index calculation showed the small fraction of risk from 

MPs’ heavy metals. Thus, the risk of heavy metals as the co-contaminants in MPs can 

be omitted. and those can be evaluated in the contamination in the whole sediment. 

The potential ecological risk index (RI) could be revised to be the summation of eco-

risk index of toxic substances including heavy metal and PCB (Er
Toxic), and plastic 

chemical in MPs (Er
Pl) (equation 8). 

RI = ∑ Er
Toxic + ∑ Er

Pl (8) 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER VI 

CONCLUSIONS AND SUGGESTIONS 

Microplastics (MPs), less than 5 mm of plastic particles, were investigated in 

surface waters and sediments of the inner Gulf of Thailand, the semi-enclosed gulf 

with multifunctional service. The variation in dry season and wet season influenced 

abundances and characteristics of MPs. This research observation could be inferred to 

specific evidence in transportation of MPs although some behavior needs to be 

clarified with more intensive field investigations or more exclusive experiments. 

Abundance and distribution of MPs suggested plasticles were sourced from 

land-based activity. The increasing freshwater runoff in wet season enhanced 

contamination and dispersion of MPs in both surface waters and sediments. 

Physicochemical characteristics of MPs were roughly linked to fragmentation-

oxidation process. Polyethylene (PE) and polypropylene (PP) were common plastic 

types contaminated in both surface water and sediment; however, polyamide (PA) and 

poly (acrylonitrile: butadiene) were major plastic types in sediment. Density of 

plastics compared with seawater was the important difference between plastic in 

surface water and sediment. The functional groups of hydroxy, carbonyl, and vinyl 

were observed in the chemical structure of MPs confirmed the oxidation of plastics. In 

addition, the fouling content of extracted MPs indicated that MPs were aggregated 

with the other substances. The contamination of heavy metals in MPs was magnified 

from that in sediment due to light weight and the formation of fouling and oxidative 

functional groups of MPs, but the contamination in MPS seems to be a small 

proportion in that in sediment. As the model for ecological risk assessment of MPs 

was revised for combination with the eco-risk of the other substances, the major risk 

of MPs was originated from the plastic monomer chemicals. This study captured a 

little component of the fate and transportation of MPs and proposed the perspective of 

ecological risk evaluation for the contamination of new pollutants, MPs. Necessarily, 

the knowledge about dynamic of MPs still needs to be improved. 

Parallel to understand the pollution of MPs, the plastic waste management 

seems to be the first action to prevent the generation of plastic debris. The results of 

this study confirmed that there is contamination of MPs in the ecosystem, and this 
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contamination is driven by the mismanagement in plastic debris. The shape of MPs 

and the plastic types detected in this study may indicate the plastic products that 

should be managed the disposal of them. For example, PE in shape of film MPs is 

possible to be generated by fragmentation of plastic bag, so the management should 

be focused on the plastic bag in the waste. However, it must be highlight that the 

contamination of MPs in this study was investigated before the coronavirus disease 

pandemic in 2019 (COVID-19). The contamination of MPs may be magnified by 

increasing single use plastic products. In addition, the characteristics of MPs, either 

shape, color, or plastic type, is possible to be changed by the properties of those 

products. Long-term investigation may be required for monitoring the contamination 

status and illustrating the dynamic of MPs in the ecosystem. The removing MPs from 

the point source emission may control the releasing of MPs, while the site remediation 

is the last steps for reduce the adverse effects of the contamination. Notably, the 

actions on the contamination of MPs are precaution for the uncertainty of its effects 

on the ecosystem. 

The understanding in behavior of plastic particles may be the initiation for 

evaluating the impacts of the contamination of MPs. The fate and transportation of 

them could be described the transformation in physicochemical structure and 

movement in the ecosystem. It may be the significant impacts if the vertical 

distribution of MPs was defined. The sedimentation of MPs-aggregate and the 

resuspension of MPs may be investigated in water column and sediment interface for 

comprehensive study in the movement of MPs. The interaction between plastics and 

the other substances should be considered as the additional factor regulated the 

transportation of MPs. However, the effects of MPs exposure still be the most 

important data in the toxicity assessment.  

6.1 Suggestion in study of microplastics 

This study revealed the diversity of MPs. The source identification of MPs 

contaminated in marine environment still be the problem because of non-specific 

linkage between MPs and plastic products. Various mechanism may result difference 

characteristic in fragmented plastic particle. Importantly, it seems to be that the 

variation in physical and chemical characteristics of MPs controlled the fate and 
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transportation of them. As a concern about plastic particles in terms of toxicity and 

risk, the factor of sizes, shapes, colors, and polymer types should be included in the 

research about MPs following the topics: 

1) The rate, regulating factors, byproducts, and transformed structure 

during the fragmentation of plastic materials, 

2) Vertical movement and resuspension in water column and sediment, 

3) Interaction between MPs and microorganism as it may result MPs 

settling, 

4) Accumulation and discharge of substances in MPs, 

5) Effects or toxicity of MPs contamination included the co-contamination, 

6) Accumulation and magnification of MPs in food web, 

7) Remediation of MPs in the environment. 

The influences of numerous environmental variations and the impacts of MPs 

in the ecosystem are uncertain. The behavior of MPs can be deeply explained by 

experiment; in the other hand, that can be evidently observed by field monitoring. It 

may be benefit for managing plastic debris if the loading of MPs to the ecosystem 

were identified and estimated. Critically, the qualitative and quantitative analysis even 

though the sample collection of MPs was the essential part, especially for field 

investigation. 

6.2 Suggestion in sample collection for microplastics analysis 

Various sample collection methods have been used in previous. With the 

objective for collect MPs in the mixture of solids particle, the soluble contents in 

samples need to be eliminated before the analysis of MPs. By this reason, the water 

sampling either collected by grab water or pumping water could be used as well as the 

plankton net throwing. The grab water sampling was recommended for sample 

collection from the water column. The water sampling methods for MPs analysis need 

to be comparatively analyzed due to there was no guideline for acceptable sampling 

methos of sampling of MPs in water samples. However, the samples should be 

storage in non-plastic container for preventing the plastic contamination. In contrast, 

the grab sediment sampler or sediment corer still be the technic for collecting mixed 
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solids of bed sediment samples. The concern is that mesh size of net or filter for 

retaining solid part in samples. The minimum mesh size may result more abundance 

of MPs as the particles were more analyzed, but the size of particle also be depended 

on the detection limit of the analysis.  

6.3 Suggestion in microplastics analysis 

It is reasonable to say that the diversity of MPs is dramatically variated, as it 

has series of difference in sizes, shapes, colors, and plastic polymer types. At least, 

the analysis of MPs should report quantification method, plastic particle size, and 

abundance of MPs. 

The separation process performed for extracting MPs from the mixture of 

solid particles in the samples. The organic content removing should be done due to 

the biofouling may the component in plastic particle. Wet peroxide oxidation process 

(WPO) was recommended as it was proposed by National Oceanic and Atmospheric 

Administration (NOAA), and it was mostly used in previous research. However, the 

oxidative reagents or enzymatic digestion also could be used before the separation 

process. The separation of MPs basically operated by the density of plastics. The 

NaCl solution with the density of 1.2 g/cm3 was accepted for floating MPs because 

the large productions of low-density plastic types were assumed that was the main 

proportion in the plastic composition of MPs. Environmentally friendly reagent and 

economical cost also be considered for using NaCl solution. However, the higher 

density solution such as ZnCl2 (1.6-1.7 g/cm3) and NaI (1.6 g/cm3) could be applied 

for the increasing density of the solution. The observation of PTFE (2.2 g/cm3) by 

using NaCl solution in separation process in this study could be suggested the 

floatation of MPs may relate to the other factors, and NaCl solution is suitable for 

separating MPs. The separated MPs should be place on filter before the analysis 

The MPs should be generally identified for size, shape, colors, and plastic 

types. The shapes and colors of MPs were quantified under microscope. The 

categories of shape and color were based on personal decision. This study suggested 

groups of shapes should be included fragment fiber and pellet, while the groups of 

colors should be colorful, white, transparent, brown, and black. The most important in 

MPs analysis is the plastic quantification and identification. At least, the number of 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

144 

 

particles should be identified under stereomicroscope. Non-plastic should not be 

counted as MPs, and it should be removed from the filter although the excellent skill 

is required. The extracted particles should be confirmed that they were plastic 

materials by FTIR spectrum. In detail, the FTIR technic for MPs identification should 

be chemical imaging or chemical mapping of the particle on Al2O3 filter although it 

cannot detect the functional groups in wave number lower than 1300 cm-1. The 

reported abundance of MPs should be the number of plastics identified by chemical 

imaging or chemical mapping. The sampling particles to analyzed via FTIR also be 

acceptable, but the proportion of plastic and non-plastic materials must be reported. 

All analytical process needs to be driven by quality control analysis. 

It is general to say that all analysis has the error in accuracy and precision 

according to the heterogeneity of the samples. The quality control analysis improves 

the reliability of the detected value, especially for the abundance of MP. Herein, the 

minimum requirement for quality control in analysis of MPs were suggested: 

1) the containers and equipment for sample collection and analysis need to 

be cleaned and avoided the plastic materials.  

2) The contamination from airborne plastic should be prevented by cover 

the sample containers.  

3) The blank sample should be analyzed, and the detected MPs in the 

samples should be normalized by blank. 

4) The spike plasticles sample analysis should be process because it could 

represent the recovery of MPs extraction and detection 
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