
O
n
l
i
n
e
 
C
o
p
y

Microplastic contamination in the Chanthaburi 
estuarine ecosystem, Eastern part of Thailand

1 2 3J. Potipat , R. Srimoon  and S. Mekprayoon *

*Corresponding Author Email : *

1Department of Environmental Science, Faculty of Science and Technology, Rambhai Barni Rajabhat University, Chanthaburi-22000, Thailand
2Department of Applied Science and Biotechnology, Faculty of Agro-Industrial Technology, Rajamangala University of Technology Tawan-Ok, 
Chanthaburi Campus, Chanthaburi-22000, Thailand
3Department of Chemistry, Faculty of Science and Technology, Rambhai Barni Rajabhat University, Chanthaburi-22000, Thailand

Received: 18 December 2023                   Revised: 03 February 2024                   Accepted: 13 February 2024

ORCiD:sutthinee.m@rbru.ac.th                   https://orcid.org/0000-0002-1264-8723

JEBJEB
®®

(Educational Services Set-up)

Abstract

Aim: The prevalence of plastic particles has become a global crisis for the environment pollution and human life. This study aimed to investigate the 
contamination of microplastics (MPs) in marine environments and to determine the relationships between  MPs pollution and types of land use. 

Methodology: Two invertebrate species (Anadara granosa and Litopenaeus vannamei) and sediment samples were collected for the analysis of  MPs 
accumulation in the Chanthaburi estuarine ecosystem. The microplastics contamination and pollution were determined with visual identification and 
environmental index, respectively. The abundance and the land use type of  MPs in Chanthaburi Province were compared by a Geographic Information 
System (GIS).

Results: The MPs contamination in the white shrimps  were higher than the cockles. The black filamentous type of MPs was a major characteristic which 
ranged between 0.43–0.85 mm, 0.45–0.65 mm and 1.25 – 3.05 mm in A. granosa, L. vannamei and sediment, respectively. The MPs pollution index (PLI 
and BCF) showed low levels in the hazardous category. The Chanthaburi land use analysis showed variation in the land use change and a strong 
correlation between green areas and the MPs contamination.

Interpretation: The statistical analysis suggested differences between MPs abundance in our samples.The utilization of agriculture and forest land use 
types could relieve the impact of MPs accumulation.This study also demonstrated the need for managing MPs pollution in Thai marine ecosystems.
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Land use type analysis with GIS

Spatial risk from 
MPs contamination 
Chanthaburi Estuary, Thailand

Microplastics investigation includes:
Bioindicators (A. granosa, L.vannamei)
MPs abundance analysis 
Pollution LoadIndex (PLI) 
Bioconcentration factor (BCF)
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Materials and Methods

Study area: Environmental samples (marine bioindicators and 
sediments) were collected during November 2022 to April 2023 
from Chanthaburi river mouth, Chanthaburi Province in the 
Eastern Gulf of Thailand.  It contains small lagoons, canals and 
mangrove forest areas as much of the accumulated sites from 

2upstream activities which has an area of 1,722 km . Six study 
sites (Lam Phaen-1, Samet Ngam-2, Bang Sa Kao-3, Phlio-4, 
Laem Pradu-5 and Pak Nam Laem Sing-6) were selected at 
Chanthaburi estuarine ecosystem, the areas are currently 
affected from upstream activities and erosion of natural 
watershed. All sampling sites were recorded by Global 
Positioning System (GPS) as shown in Fig.1.

Sampling of marine bioindicators and sediments: Two marine 
bioindicator species namely: the cockle A. granosa and the white 
shrimp L. vannamei were randomly sampled for MPs study (Fig. 
2). These two species were preferred because of their abundance 
in the study site and commercial significance in the Eastern part of 
Thailand (Cheevaporn and Menasveta, 2003). The traditional 
fishing equipments including rake and fishing net were used to 
harvest cockles and whiteshrimps, respectively (Fig. 3). Five 
hundred grams of surface sediment samples (15 cm depth) were 
grabbed using the PVC core sampling cylinder (Ø 5.08 cm) 
combined with vacuum valve. The sediment samples were 
wrapped by the aluminum foil and covered by cotton fabrics in 
4°C icebox pending analysis. Triplicate samples were collected 
randomly at the study sites to determine the MPs abundance. All 
sampling processes were protected from the contamination, 
special care was taken to avoid any plastic meterials.

Microplastics Analysis: The tissues of A. granosa and L. 
vannamei were digested with hydrogen peroxide  and the 

MPs were separated from the samples by flotation technique 
(Sutthacheep et al., 2021). The MPs particles were observed with 
a camera incorporated to the stereomicroscope. A density 
separation method was followed to extract MPs from the 
sediment samples based on previous reports, with slight 
modification (Masura et al., 2015).

MPs Pollution assessment: Pollution load index (PLI) was 
evaluated to assess the degree of MPs pollution in the surface 
sediments of marine ecosystem, Chanthabu river mouth, 
Eastern Gulf of Thailand (Tomlinson et al., 1980). The sediment 
samples were directly related to MP concentrations factors 
(CFi) (David et al., 2023). PLI was calculated by the equation 
given below:

Where, CFi of the MPs is the quotient of the MP 
concentration at sampling sites (C) and the background MP i

concentration (C ). The lowest concentration of MP values oi

detected in the sediment samples were designed as a 

(H O )2 2

Introduction

The estuarine ecosystem is defined as the bio-geo-
morphological area where the biotic and abiotic structures from 
both marine and terrestrial zones interact to facilitate ecological 
products and environmental services. The area is an ideal 
location for socio-economic developmental activities such as 
aquaculture, commercial shipping routes and recreational zone 
for the community. (Thushari et al., 2017). Also, estuarine 
mangrove provides ecological restoration for coastal animal 
protection, sediment trapping and decreasing impacts from 
marine disaster (Suk-ueng et al., 2013). To date, the global 
marine environment has found significant annual accumulation of 
more than 12.7 million tonnes of plastic pollution, with an 
estimated 296,000 tonnes of plastic currently existing in the 
oceans (Gérigny et al., 2022; Curren and Leong, 2023).

Microplastics (MPs) is defined as a small plastic piece <5 
mm (generally 50 to 5000 μm) in diameter from the direct 
consumer products, called “Primary MPs” and from the 
fragmentation of larger plastic objects, called “Secondary MPs” 
caused by the processes of degradation (Tongnunui et al., 2022). 
The estuarine ecosystem accumulates the original MPs 
transported by hydrodynamics from point sources of marine 
debris (Hope et al., 2021; Hajisamae et al., 2022). Moreover, the 
environmental degradation involving radiation, thermolysis and 
microbial degradation transforms primary MPs to hazardous 
secondary microplastics in the marine ecosystem (Pourebrahimi 
and Pirooz, 2023). The negative impacts of microplastics are 
available at all stages of foodweb, exposure route, and interaction 
with several pollutants (Avinnash et al., 2023). The tiny size of 
MPs accumulate easily through the ingestion route of marine 
organisms like: bivalves, mussels, fishes, shrimps and oysters 
(Auta et al., 2017; Sulaiman et al., 2023). 

Thailand is the main producer of plastic pollution, about 
6.1 million tonnes of plastic wastes were annually produced while 
1.03 million tonnes enter to the Gulf of Thailand (Tuan Ta et al., 
2022). Chanthaburi river mouth, located in the Eastern Gulf of 
Thailand, is the most important coastal aquaculture area, urban 
settlement and the upstream mainly cover with the watershed 
are forest and orchard (Chatewutthiprapa et al., 2018). It 
receives runoff from the major river which carry MPs to the 
marine ecosystem. Convention on Biological Diversity (CBD) 
reported that more than 800 species of marine organisms were 
affected by marine debris, over 80% of these effects were 
associated with MPs, and the abundance of MPs were detected 
in bivalves, polychaetes, crustaceans, fish, and sea birds (Zhao 
et al., 2016; Jang et al., 2018). In this study, the abundance, 
shape, colour and size of microplastics found in the marine 
bioindicators Anadara granosa and Litopenaeus vannamei as 
well as in the sediments of Chanthaburi river mouth, which is 
one of the most important estuarine ecosystem in Gulf of 
Thailand, were investigated. In addition, the contamination of 
microplastics and its correlation with the land use type of 
Chanthaburi province was also studied.

J. Potipat et al.: Microplastics pollution in Thailand 

CFi = C /Ci oi

PLI = √CFi
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Planning Land Use Division, Land Development Department, 
Royal Thai Government, while structural population was 
calculated from the Bureau of Registration Administration (2010). 
All statistical analyses were performed using SPSS 18.0 

background value. Bioconcentration factor (BCF) was applied to 
calculate the accumulation of MP abundances between biota (A. 
granosa) and marine ambient (sediments) as:

Where, C  is the MP particles in the cockles and A. granosa

C  is the MP particles in the sediments.Sediments

Statistical Analyses: The land use data of Chanthaburi province 
was classified by ArcGIS 9.0 using layers provided by Policy and 
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Fig.1: Location of samplings sites within the anthropogenic activities and natural areas in .Chanthaburi estuary

Fig. 2: Anadara granosa (a) and Litopenaeus vannamei (b) collected as bioindicators for MPs study from Chanthaburi river mouth.

4 cm 6 cm

BCF = C /CA. granosa Sediments

Net Rake Fishing net

Fig.3:Traditional fishing equipments of Thai local fishery. 
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software. A comparison of MPs contamination between the 
cockles and the white shrimps was reported by using the 
independent t-tests. The differences of mean MPs of two marine 
species and the sediments were examined by One-way ANOVA. 
The post-hoc tests (Tukey) were used to compare the significant 
difference of MPs contamination in the marine environmental 
samples. Relationships between MPs abundance and the land 
use intensity of Chanthaburi province were processed with 
Pearson correlation. In addition, the population data was also 

assessd by correlating MPs contamination with population size 
and dwelling density.

Results and Discussion

The microplastics accumulation in white shrimps 
(Litopenaeus vannamei) was significantly higher than cockles 
(Anadara granosa) (p<0.05) (Fig. 4).The MPs contamination in 
cockles and white shrimps in the study area were lower than MPs 
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Fig. 4: Acumulation of microplastics in  collected from A. granosa  and L. vannamei Chanthaburi river mouth.

Fig. 5: Percentage of MP shapes found in environmental samples.
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original colour by photochemical processes and biodegradation. 
Besides, lengths of black filamentous MPs ranged between 0.43 
– 0.85 mm, 0.45 – 0.65 mm and 1.25 – 3.05 mm in A. granosa, L. 
vannamei and sediment samples, respectively as show in Fig. 

reported in previous studies worldwide. The MPs abudance varied 
in different species of marine samples and location (Table 1). Goh et 
al. (2021) indicated that these marine species in the different 
region associated to the variation of MPs concentrations. One-
way ANOVA revealed the significant difference of mean MPs in 
various parts of environmental samples (p <0.05). Tukey test 
showed that the highest mean MP particles was observed in white 
shrimp samples, which indicated that the MP particles can 
bioaccumulate more in bioindicators in comparison sediments.

Based on the results, fiber shapes were found to be more 
predominant in the marine bioindicators and it is very common to 
observe in the sediments. This study is correspondent to the 
studies of Yan et al. (2021) and Ruairuen et al. (2022), who 
reported that filamentous MPs were the most frequent shape and 
the highest amount in white shrimps and cockles. The colour of 
MPs in this study showed various shades like black, red, blue and 
green, which is consistent with previous studies on microplastic 
pollution (Chinfak et al., 2021; Jiwarungrueangkul et al., 2021). 
The MP particles found in the samples of cockles, white shrimps 
and sediments were predominantly black colour (Table 2). 
Ruairuen et al. (2022) reported that the black MP particles 
occurred in the marine environments due to the removal of 
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Fig. 6: Black filamentous MPs found in the samples of A. granosa (a), L. vannamei (b) and sediments (c).

Fig. 7: MPs pollution assessment in Chanthaburi marine ecosystem with 
Pollution load index and Bioconcentration factor.
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Table 1: Contamination of MPs found in cockles and white shrimps in several locations

Location Species MPs abundance MPs shape type References

Cockles

Tanzania Anadara antiquata 2.1±1.8 p/individual Fibres, fragments Mayoma et al. (2020)
-1Jambi, Indonesia Anadara granosa 4.1±0.43 pg  ww Fibres Fitri and Patria (2019)

180.6±21.22 p/individual
Songkhla, Thailand Anadara granosa 4.71±0.06  ww Fibres, fragments Goh et al. (2021)

2.64±0.01 p/individual
-1Chanthaburi, Thailand Anadara granosa 0.40±0.16 pg  ww Fibres, fragments This study

White shrimps
-1Gulf of California Gills of Litopenaeus 13.7±5.3 pg  ww Fibres, fragments Valencia-Castañeda et al. (2022)

vannamei 4.5±0.4 p/individual
-1Ecuador Litopenaeus vannamei 13.0±1.0 pg  ww Films Curren et al. (2020).
-1Malaysia Litopenaeus vannamei 21.0±4.0 pg  ww Films

-1Songkhla, Thailand Fenneropenaeus indicus 0.69±0.48 pg  ww
3.31±0.04 p/individual Fibres Goh et al. (2021)

-1Chanthaburi, Thailand Litopenaeus vannamei 0.92±0.24 pg  ww Fibres, fragments This study

*p = paticle of MPs; ww = wet weight

-1pg

Table 2: Percentage of MP colours found in environmental samples

Samples                     Colors (%)

Black Red Blue Green

A. granosa 65.0 20.0 10.0 5.0
L. vannamei 69.6 19.6 6.5 4.3
Sediments 72.0 20.0 8.0 -

Table 3: Correlation coefficients between MPs abudance and areas of Chanthaburi land use

            Anadara granosa         Litopenaeus vannamei                Sediments

Correlation p-value Correlation p-value Correlation p-value
coefficients coefficients coefficients

Population size 0.665 0.149 0.587 0.220 0.694 0.126
Dwelling density 0.694 0.126 0.604 0.257 0.662 0.289
Community 0.467 0.351 0.398 0.434 0.510 0.301
Agriculture -0.908 0.012* -0.928 0.008** -0.843 0.035*
Forest -0.776 0.070 -0.884 0.019* -0.777 0.069
Water 0.368 0.473 0.383 0.453 0.536 0.273
Miscellaneous 0.737 0.095 0.720 0.107 0.854 0.030*

*Significant correlation (p < 0.05); **Strongly significant correlation (p < 0.01)

6.The MPs contamination in the marine ecosystem also might 
cause foodborne illness from digestive system to body tissues 
due to MP particles were transferred from the environment to the 
aquatic food webs (Bhutto et al., 2023). Plastic waste causes 
abundant type of marine pollution in the Gulf of Thailand due to 
disposal of municipal plastic waste (MPW) in 23 coastal 
provinces, and 50 % are disposed without appropriated 
management (Kamsook et al., 2023). PLI was used to determine 

the degree of MP pollution and ecological risk (Ranjani et al., 
2021; Din et al., 2022). The PLI values of sediments from 
Chanthaburi marine ecosystem were less than 10, which 
indicates the “Hazard level I” (PLI value/ hazard category; <10/I; 
10-20/II; 20-30/III; >30/IV). The BCF C  / C ) values A. granosa Sediments

were low (<30) category “Level I”(BCF range/category; <30/I; 30-
100/II; 100-1,000/III: >1,000/IV) indicating a limited ability to 
accumulate MPs in A. granosa from marine sediment. The results 
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of MPs pollution assessment with environmental indices (PLI and 
BCF) are presented in Fig. 7.

The accumulation of MPs in the estuarine ecosystem 
depends on the difference of land use types such as urban 
expansion, agricultural activities and deforestation. Therefore, 
the results of GIS analysis showed that the variation of land use in 
Chanthaburi Province including urban community, agricultural 
areas, conservative zones, aquatic sites and miscellaneous as 
shown in Fig. 8. The rapid urbanization has led to the change of 
land use pattern and utility in Chanthaburi area. The generation 
rates of plastic waste depend on the population density and urban 
lifestyle.Since the beginning of the COVID-19 pandemic, the 
quantity of plastic waste has increased. The single use plastic 
was dumped at the rate of 5 – 10 pieces during the Lockdown 
Policy in Thailand (Liu et al., 2021). 

The amount of land use area within Chanthaburi province 
did not significantly correlate with MP abundance in the marine 
environment (Table 3). However, the agriculture areas showed 
strong correlations with MPs contamination at study sites (p 
<0.05; p < 0.01) with negative relationship and the forest areas 
showed negative correlation, except the MPs abundance in 
sediment showed significant positive correlation (p <0.05) to the 
unidentified activities. Islam et al. (2023) revealed that MP 
particles are absorbed by the ecological areas due to osmosis 
from the root hair zone and can be transferred to stems, branches 
and leaves by phytoremediation. Soil erosion is a potentially 
important source of MPs entering to the aquatic sediments 
depending on the land use pattern in study areas (Rehm et al., 
2021; Sa’adu and Farsang, 2023).

This study reported MPs contamination in the tissues of 
(A. granosa and L. vannamei) that is a local commercial seafood 
consumed by Thai people. The results indicated high amount of 
MPs was observed in white shrimp. The microplastics particles 
were dominated by black colour fibrous particles in the study 
sites. The environmental index concluded that the study sites was 
unpolluted from MPs pollution. According to land use 
classification, it clearly showed that anthropogenic activities 
generated the plastic waste in Chanthaburi province. The 
statistical results indicated that the green area networks in all 
districts is required to decrease microplastics contamination in 
the marine ecosystem.
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