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INTRODUCTION

Quantity of municipal solid waste in the world 
is more than 2,200 million tons/year (EcoWaste 
Coalition, 2021). The municipal solid waste in 
Thailand was the second largest among the 10 
countries in the Association of Southeast Asian 
Nations (ASEAN) after Indonesia while the rate 
of municipal solid waste was the fourth in the 
ASEAN countries equal to 1.05 kg/person/day 
after Singapore (UN Environment, 2017; Arum-
dani et al., 2021). The economic, social and en-
vironmental activities has a direct relationship to 
quantity of municipal solid waste (Saengchut et 

al., 2022), these activities have resulted in an in-
crease in plastic packaging waste more than 50% 
and it was single-use (Europe, 2019; Praveena 
and Aris, 2021). 

The municipal solid waste management of 
Thailand use landfill as the main method more 
than 90% while many studies have found that mi-
croplastics (MPs) to contaminate in the environ-
ment from plastic waste degradation in landfill. 
The degradation was caused by many factors that 
change the chemical structure of plastic waste 
such as acids, alkalis, water or enzymes (An-
drady, 2011). The MPs were plastic particles with 
a diameter of less than 5 mm. easily dispersed in 
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ABSTRACT
The controlling microplastics (MPs) at source is a management method that can effectively reduce the amount of 
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groundwater point 1 (0.58%), surface water (0.53%) and groundwater point 2 (0.37%). The contamination of poly-
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than polypropylene (PP) was found in samples closest to landfill area especially leachate pond more than 90%. 
The source apportionment of MPs using statistical analysis found that plastic waste has correlated to occurrence of 
LDPE and plastic bottle waste has correlated to occurrence of HDPE that both types of plastic waste are related to 
the amount of general solid waste and recycle solid waste increases every year.
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the environment around the landfill (Wang et al., 
2017) such as 2–80 items/L of groundwater (Na-
tesan et al., 2021), 8±3 items/L of leachate (Su et 
al., 2019) and 2,472.33±1,273.17 items/kg of soil 
from landfill area (Kusumarn Noppathip, 2020). 
In addition, MPs contamination in the general 
environment such as groundwater found 0.7x10-

3 items/L (Mintenig et al., 2019) and soil of the 
agricultural area found 263 items/kg (Zhou et al., 
2020). MPs contamination in the environment 
was mainly found in low-density such as poly-
propylene (PP) and polyethylene (PE) that the de-
composition occurs from general solid waste and 
recycle solid waste (Europe, 2019; Kershaw et 
al., 2019; Yuan et al., 2022). Therefore, the envi-
ronment closest to plastic waste has a high chance 
of MPs contamination. MPs have an impact on 
ecosystems, environmental quality especially 
the health of humans and animals (Wright et al., 
2013; He et al., 2018). MPs have hydrophobic 
properties that can absorb contaminants such as 
persistent organic pollutants (POPs) or pesticides 
(Dichlorodiphenyl trichloroethane – DDT) (Law 
& Thompson, 2014) and then act as a medium to 
accumulate and transport toxic substances to the 
environment where the harm is caused by the in-
direct effects of exposure (Tang et al., 2020).

Landfills were the source of the release of 
MPs into the closest environment, i.e. surface 
water, groundwater, leachate and sediment. In 
this research, the aforementioned environmental 
samples were collected and a landfill site in the 

Muangpak municipality was selected for study 
due to the high quantity solid waste and it’s a sani-
tary landfill. Thus, the quantified MPs study also 
shows the distribution of MPs in the environment 
as a database for landfill management and control. 

METHODOLOGY

Study area 

This study was conducted in of Nakhon Rat-
chasima province, the amount of municipal solid 
waste was 2,271 tons/day accounting for 13.44% 
of the total amount of waste in the Northeast. 
The Muangpak municipality landfill is a sanitary 
landfill area with the highest input volume after 
the Nakhon Ratchasima Municipality landfill. 
The quantitative analysis of MPs contamination 
including municipal solid waste classification 
were detected at each sampling in rainy season 
of Thailand because the large amount of water 
in the rainy season was the factor that results in 
the greatest dispersion of MPs (Amobonye et al., 
2021), shown in Figure 1. 

Sample analysis

The classified according to municipal solid 
waste types from landfill site in the Muangpak 
municipality by quartering method which divid-
ed into 4 parts of equal weight and 2 parts were 

Figure 1. Microplastic sampling points in the Muangpak municipality landfill



280

Journal of Ecological Engineering 2024, 25(1), 278–284

selected for physical composition analysis. The 
waste was then characterized and the percentage 
of each constituent was calculated (Ephantus et 
al., 2021; Rojas-Valencia et al., 2012).

The analysis of MPs quantitative that contami-
nation with leachate and sludge, groundwater, sur-
face water and sediment by wet peroxide oxidation 
method (WPO) (Masura et al., 2015). The volume 
of 100 mL of water sample and 100 g of sediment 
were put into a glass beaker and dried at 90oC for 
24 h. Then, 20 mL of Fe2+ 0.05 M and 20 mL of 
30% Hydrogen peroxide were added to dissolve 
the organic matters, until the appearance of the 
solution was clear. After that, adding 6 g of NaCl 
and heat to 75oC on a hotplate-leave to separate 
densities for 24 h. The filtered with fiberglass filter 
paper (GF/C) with a pore size of 0.45 mm through 
vacuum filtration set-up and dried for quantifica-
tion of the presence of MPs at room temperature 
and examined with a 40X dissecting stereo micro-
scope. The polymer types of MPs in samples ex-
amined with a microscope fourier-transform infra-
red spectroscopy (FT-IR) from the frequency range 
400–4,000 cm-1 (Veerasingam et al., 2021).

RESULTS AND DISCUSSION

Classification of municipal solid waste 

A study of the composition of municipal solid 
waste in the Muangpak municipality landfill area 
in order to classify the types of municipal solid 
waste by quartering method. The result showed 
that the percentage of biodegradable solid waste 

was as high as 36.27% which is close to the per-
centage of general solid waste of 35.97% fol-
lowed by recycle solid waste (25.38%) and haz-
ardous solid waste (2.37%). The percentage of re-
cycle solid waste and hazardous solid waste form 
Muangpak municipality landfill was according to 
the theory that has been studied (EcoWaste Co-
alition, 2021; UN Environment, 2017) while the 
percentage of biodegradable solid waste was low-
er than theory (must be more than 50%) because 
there was separation from the beginning and the 
percentage of general solid waste was more than 
theory (must be less than 3%) due to the increase 
packaging waste especially plastic waste is in-
creasing rapidly each year (Cole et al., 2011; Let-
shwenyo et al., 2020) showed in Figure 2.

The abundance of microplastics 
in the environment

The distribution of MPs in environmental at 
landfill site in the Muangpak municipality include 
leachate and sediment, groundwater and surface 
water and sediment were detected at each sam-
pling in rainy season of Thailand. The results 
shown in Figure 3 indicated that the distribu-
tion and abundance of MPs. The sampling area 
with the highest abundance of MPs was leach-
ate sludge pond 1 with an average abundance of 
2,453.08±870.37 items/kg followed by leach-
ate sludge pond 2 with an average abundance of 
971.17±456.18 items/kg. The Muangpak munici-
pality landfill site has some open dumping areas 
resulting in sediment of surface water found third 
order with an average abundance of 122.67±78.11 

Figure 2. Municipal solid waste types from Muangpak municipality landfill
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items/kg due to the environment closest to plastic 
waste has a high chance of MPs contamination (Su 
et al., 2016; Zhou et al., 2020). The high density 
of MPs is a factor that causes it to accumulate in 
the sediment (Kershaw et al., 2019; Yuan et al., 
2022). The water samples found low quantities 
include leachate pond 1, leachate pond 2, ground-
water point 3, groundwater point 1, surface water 
and groundwater point 2 with an average abun-
dance of 38.33±17.36, 29.58±14.78, 22.92±5.94, 
21.25±14.01, 19.58±8.53 and 13.75±6.17 items/L 
respectively. The MPs contamination of this re-
search was similar to the quantitative of other 

studies (Natesan et al., 2021; Kusumarn Noppathip, 
2020) which size of MPs easily dispersed in the en-
vironment around the landfill (Wang et al., 2017). 
The identification of different polymer types of 
MPs found in samples, MPs contamination has 
been studied in various environmental at landfill 
site using FTIR technique. The results analysis 
showed that 3 types of polymer covered in this 
research as shown in Figure 4, the highest per-
centage of polypropylene (PP) was found to be 
contaminated in groundwater every point includ-
ing surface water and sediment at more than 50% 
due to its low density that can distribute further 

Figure 3. Microplastics abundance in the environment from sanitary landfill

Figure 4. Polymer types of microplastics in environmental samples
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than its source (Kershaw et al., 2019; Yuan et al., 
2022). While low density polyethylene (LDPE) 
and high density polyethylene (HDPE) have 
higher densities, the highest contaminated was 
found in environmental samples closest to landfill 
area or wastewater receiving areas. Thus, density 
and distance of source to the environment were 
important factors in determining the types and 
quantity of MPs (Mintenig et al., 2019; Natesan 
et al., 2021; Zhou et al., 2020). 

The source of microplastics 
in the environment

The source apportionment of MPs in envi-
ronment from sanitary landfill using statistical 
software include Pearson Correlation at signifi-
cant 0.05 level for correlation test of municipal 
solid waste type with polymer types of MPs and 
analysis of the influence of MPs source appor-
tionment by multiple regression statistics, Step-
wise method. The results of correlation found that 
the correlated value more than 0.6 (R>0.6) with 

agricultural waste and glass bottle waste of PP , 
plastic waste and plastic bottle waste of LDPE, 
paper waste and light bulb waste of HDPE. If con-
sidering the significance values of all 3 polymer 
types of MPs, it was found that LDPE has cor-
related to only plastic waste same as HDPE has 
correlated to only plastic bottle waste. As shown 
in Table 1. The Table 2 was analysis of the influ-
ence of MPs source apportionment found that 2 
formats by polymer types of MPs, the LDPE type 
multiple regression showed the influence of 3 
types of municipal solid waste on the occurrence 
of LDPE to 100% (R2 = 1.000) were plastic waste 
(β = 0.817), paper waste (β = -0.438) and glass 
bottle waste (β = -0.098). The HDPE type multiple 
regression showed the influence of only 1 type of 
municipal solid waste on the occurrence of HDPE 
to 77.50% (R2 = 0.775) was plastic bottle waste (β 
= -0.912), another 22.50% was due to other fac-
tors not considered.  A high beta value indicates 
a high influence of municipal solid waste type, 
the occurrence of LDPE found that plastic waste 
has a higher beta value than paper waste and glass 

Table 1. Correlation of each municipal solid waste type with polymer types of microplastics 

Types of municipal
solid waste

PP LDPE HDPE

Correlation (R) Sig. Correlation (R) Sig. Correlation (R) Sig.

Biodegradable 
solid waste

Food waste -0.239 0.698 0.038 0.952 0.148 0.812

Agricultural waste 0.778 0.121 -0.294 0.631 -0.315 0.606

General solid 
waste

Plastic waste -0.555 0.331 0.897* 0.039 -0.440 0.458
Packaging 
waste(foam) -0.640 0.245 0.125 0.841 0.372 0.537

Recycle solid 
waste

Plastic bottle 0.081 0.897 0.877 0.051 -0.912* 0.031

Glass bottle 0.870 0.055 -0.694 0.193 0.001 0.998

Aluminum bottle 0.149 0.811 -0.128 0.838 0.008 0.989

Paper waste -0.418 0.483 -0.455 0.441 0.763 0.133

Hazardous solid 
waste

Battery -0.401 0.503 0.507 0.383 -0.182 0.770

Light bulb -0.512 0.378 -0.351 0.562 0.735 0.157

Note: * correlation is significant at the 0.05 level.

Table 2. Regression coefficient analysis between municipal solid waste types with polymer types of microplastics

Types of
MPs

Types of 
municipal

solid waste

Un-Std. coefficients Std. 
coefficients t Sig. R2 Adjusted 

R2

Std. error 
of the 

estimateB Std. Error Beta (β)

LDPE

Constant -13.537 0.244 -55.478 0.011

1.000 1.000 0.1078
Plastic waste 14.116 0.034 0.817 412.694 0.002

Paper waste -6.193 0.019 -0.438 -324.454 0.002

Glass bottle -2.802 0.057 -0.098 -49.335 0.013

HDPE
Constant 86.053 17.458 4.929 0.016

0.831 0.775 19.5901
Plastic bottle -35.111 9.141 -0.912 -3.841 0.031
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bottle waste while the occurrence of HDPE found 
that only plastic bottle waste had a beta value. The 
type of municipal solid waste mentioned above in-
fluences the distribution of MPs into the environ-
ment, this was consistent with the high percentage 
composition of total plastic waste (36.86%) in the 
Muangpak municipality landfill (Figure 2). The 
Europe report, Asia has the highest production and 
export of plastic pellets at 51% which was used to 
make more than 39.90% into packaging (Europe, 
2019) and 44.10% of single-use types (Horton et 
al., 2017; Praveena and Aris, 2021). Thailand has 
produced up to 48% of packaging to satisfy con-
sumers, causing used packaging to become waste 
immediately (TEI, 2021).

CONCLUSIONS

In this study, the source apportionment of MPs 
environmental at landfill site in the Muangpak 
municipality was investigated. The results showed 
the biodegradable solid waste was as highest per-
centages followed by general solid waste recycle 
solid waste and hazardous solid waste, the in-
creases in plastic waste affect the contamination of 
MPs in the environmental. The highest abundance 
of MPs was sediment includes leachate sludge 
and sediment of surface water due to high density 
polymer types of MPs is a factor that causes it to 
accumulate in the sediment. The contamination of 
polymer types of MPs at higher densities of LDPE 
and HDPE than PP was found in environmental 
samples closest to landfill area especially samples 
of leachate pond. The polymer type density of 
MPs and distance from source were important fac-
tors in distribution. Thus, statistical analysis found 
that plastic waste has correlated to occurrence of 
LDPE type of MPs and plastic bottle waste has 
correlated to occurrence of HDPE type of MPs 
that both types of plastic waste are related to the 
amount of general solid waste and recycle solid 
waste increases every year. The type of municipal 
solid waste influences the distribution of MPs into 
the environment, mostly from packaging waste. It 
is necessary to reduce the use of single-use plas-
tics, which is the main cause. Thus helping to re-
duce contamination of MPs into the environment.
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