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Abstract: Microplastics (particles with a size of less than 5 mm) are a rising environmental 

problem. Microplastics can disseminate in the air and accumulate in sediments as well as in 

microorganisms and humans, due to their small size. Sediment is considered to be the major 

repository of microplastics, particularly those of the PE type. Microplastics in massive amounts 

accumulated in sediments, perhaps as a result of point sources or diffuse contamination. 

Microplastic contamination can spread from industrial production facilities, urban areas, 

agricultural areas, or the air. The current study was carried out to explore the occurrence of MPs in 

sediments at discharge sources by evaluating 27 sediment samples taken from 9 distinct waste 

sources at industrial activity locations to determine the amount of microplastic contamination in 

sediments at discharge sources. Microplastics with a relatively high density were found in all 

sediment samples in this research, ranging from 2,900 to 238,200 particles/kg dw. The most 

prevalent microplastics detected in sediment samples at these sites were fibers and fragments, 

accounting for 59-94% and 6-41%, respectively. Fiber microplastics ranged in size from 1000 to 

9,000 µm, whereas fragment microplastics ranged from 200,000 to 2,100,000 µm2. Microplastics 

with < 1000 µm and 1000-2000 µm sizes accounted for a significant portion of the total, reaching 

21.05-37.84% and 39.74-61.17%, respectively. The hue of microplastic particles in sediment 

samples obtained was highly varied. 

Keywords: Fragment, fiber, microplastics, sediment, waste source. 

1. Introduction* 

Plastics are synthetic and semi-synthetic 

organic polymers derived from fossil fuels 

_______ 
* Corresponding author. 

   E-mail address: duongthuy0712@gmail.com 

 https://doi.org/10.25073/2588-1140/vnunst.5336 

(coal, natural gas, or crude oil) and natural 

organic products including cellulose and 

regenerative compounds (grain, corn, etc.), 

which can be formed into different desired 

shapes [18]. Plastics have many superior 

characteristics, such as corrosion resistance, 

low weight, high durability, and low cost. 

Therefore, compared to other materials, plastics 
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have been widely used in a variety of fields 

such as packaging, construction, transportation, 

healthcare, household appliances, electricity, 

electronic equipment, etc. 

Microplastics are plastics that are less than 

5 mm in size. With their small and very small 

sizes, microplastics are capable of spreading 

widely in the air, accumulating in sediments as 

well as in the bodies of microorganisms and 

humans. Currently, microplastics have been 

observed in almost all terrestrial ecosystems, 

freshwater, marine, and air, from agriculture 

to industrial zones, urban areas, or even 

remote areas. 

Sediment is considered a large reservoir of 

microplastics. Large amounts of microplastics 

are accumulated in sediments, possibly through 

point sources or diffuse pollution. The origin of 

diffuse microplastic pollution could be from 

industrial plastic manufacturing facilities, 

runoff from urban, agricultural, industrial areas 

and the ambient air [17]. Wastewater treatment 

plants are believed to be an important point 

source of microplastic emissions, especially 

fiber microplastics. Murphy et al., (2016) 

estimated that a wastewater treatment plant 

could release 65 million microplastic particles 

into the receiving water source every day [11]. 

The production of cosmetics, personal care 

products, textiles, paints, and car tires are also 

considered sources of microplastics. Through 

domestic or industrial drainage systems, 

microplastics follow the water stream to the 

wastewater treatment plant, and can eventually 

be discharged into water bodies and/or 

dispersed in the sludge [12]. Sun et al., (2019) 

declared that the microplastic removal 

efficiency after going through the wastewater 

treatment systems could reach 95% [15]. But 

with 5% of the remaining microplastics in the 

output wastewater or the sludge, it is still a 

relatively large number. The sludge from 

wastewater treatment is often reused in 

agriculture, landfilling, or incineration, but 

these methods all provide opportunities for 

microplastics to enter the environment and 

constitute serious environmental threats [13]. 

In general, there is still a significant 

knowledge gap about the role of waste sources 

in the microplastic occurrence in the soil, water, 

and air environment, especially in the 

sediments. In Vietnam, researchers are still 

trying to elucidate the level of microplastic 

pollutionin the soil, water, air, etc., in order to 

come up with management measures to prevent 

microplastic accumulation in the environment. 

Therefore, this study was carried out with the 

goal of determining the current status of 

microplastic pollution at some waste sources in 

order to assess the influence of these waste 

sources on the microplastic accumulation at the 

studied sites. 

2. Methodology 

2.1. Sampling Location 

To evaluate the level of microplastic 

pollution in sediment samples at the receiving 

water source of some industrial production 

activities in the Day River basin, the locations 

of sampling points for this study were selected 

and described in Table 1 and Figure 1. Each 

sampling location was selected to appraise the 

most representative level of microplastic 

contamination: 

Table 1. Sampling locations of sediment from industrial manufacturing waste sources 

Sampling 

locations 
Sampling location information Longitude Latitude 

M1 Receive wastewater from the rubber manufacturing 21.18 105.74 

M2 The receiving wastewater site of the food production 21.17 105.73 

M3 
Near the receiving wastewater site of the electronic 

component manufacturing 
21.12 105.79 
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Sampling 

locations 
Sampling location information Longitude Latitude 

M4 The receiving wastewater site of the fertilizer manufacturing 20.94 105.83 

M5 The receiving wastewater site of the battery manufacturing 20.94 105.84 

M6 
1000m from the   receiving wastewater source of the bedding 

and pillow manufacturing 
20.86 105.83 

M7 The receiving wastewater site of the bedding and pillow manufacturing 20.86 105.84 

M8 The receiving wastewater site of the food production 20.87 105.88 

M9 The receiving wastewater river of the mechanical manufacturing 20.83 105.88 

H 

 

Figure 1. Sampling locations of sediment from industrial manufacturing waste sources.

2.2. Method of Sampling and Sample Analysis 

At each sampling site, sediment samples 

were collected using a sediment sampler 

(3 locations 100 m apart from each other) and 

then mixed to obtain approximately 3 kg of 

sediment for each spot (three replicates were 

conducted per spot/three mixed samples per site). 

Sediment samples were dried at 40 °C for 

72 hours, then sieved with a 1 mm sieve to 

remove all debris (shells, leaves, and resins, etc) 

larger than 1 mm. Ten grams of dried sediment 

were placed in a 250 mL beaker with the 30% 

H2O2 solution for 4 hours to remove organic 

matter in the sample. A saturated salt solution 

(NaCl, 1.2 g/cm3) was used for the microplastic 

flotation. This step was repeated at least five 

times to ensure that all microplastics were 

removed from the sample. The solution after 

flotation was filtered on a GF/A filter (pore size 

of 1.6 μm) using a glass vacuum filter. The 

filters were kept in sterile Petri dishes until 

examined under a Leica MZ12 microscope for 

size, morphology and color determination. In 

this research, based on GESAMP's 

recommendations, we only focused on 

microplastics with a minimum length of 300 µm 

and particles with a minimum area of 45000 µm² 

or more. The above analytical conditions were 

performed according to the procedure clearly 

described in the recent paper [14]. 

3. Results and Discussion 

3.1. Density of Microplastics in Sediment Samples 

Wastewater has been identified as a source 

of microplastic pollution in freshwater and 

terrestrial environments. However, currently, 

the microplastic pollution investigations in 

sediment samples collected from the 

wastewater receiving areas are still limited [13]. 
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According to some studies, the pollutants and 

microplastic concentrations in treated 

wastewater are reduced by 84-95% when 

compared to the original. However, due to 

differences in wastewater treatment technology 

and microplastic characteristics, large amounts 

of microplastics in wastewater and sludge have 

accumulated in the environment, particularly in 

sediments [8]. 

 

Figure 2. The density of microplastics 

in the sediment samples collected 

from some industrial waste sources. 

Microplastics were found in all sediment 

samples in this study (Figure 2). The density of 

microplastic particles had a wide fluctuation in 

the range of 2,900-238,200 particles/kg. At 

location M7, the highest microplastic density 

was recorded at 238,200 particles/kg. The 

density of microplastics at M8, M1, M4, M6 

and M2 locations was 40,900 particles/kg, 

18,500 particles/kg, 10,700 particles/kg, 8700 

particles/kg and 6300 particles/kg, respectively. 

At M3, M5 and M9 locations, the detected 

density of microplastic particles was 

4100 particles/kg, 3900 particles/kg and 

2900 particles/kg, respectively. The microplastic 

density that was observed in the sediment 

samples in this study (37133±76334 particles/kg) 

was significantly higher than in previous 

studies [5]. The microplastic density found in 

this research was similar to the results of Wang 

et al., (2018) on the density of microplastics in a 

densely populated urban area of the eastern river 

network of China with an average density of 

32947±15342 particles/kg [20]. 

Overall, there was a considerable difference 

in the density of microplastics found among the 

study sites (p<0.05). The cause of this 

difference might be influenced by many 

complex factors, such as the wastewater source, 

population density, etc. The microplastic 

density in the sediment samples at the M7 

location was 6-60 times higher compared to the 

others. This might be due to a large number of 

bedding and pillow manufacturing facilities in 

the area, leading to a high number of 

microplastics entering the wastewater without 

preventing pollution measurements. In addition, 

the solid waste (mainly scarp, cotton, yarn, etc.) 

has been discharged directly on both sides of 

the road. Rain and wind carry the microplastics 

from these sources into the soil, water, and 

other environments. 

Sediment samples collected at the other 

locations were taken near the discharge sites of 

some industrial zones or high population 

density areas. Currently, most industrial zones 

in Hanoi have installed wastewater treatment 

systems. Some researchers have suggested that 

the wastewater after treatment might not be the 

main microplastic source because the 

concentration of microplastics in the output 

wastewater of the wastewater treatment system 

was lower [2]. However, Li et al., (2018) 

investigated sludge samples from 28 

wastewater treatment plants in China and the 

obtained microplastic density ranged from 

1,600 to 56,400 particles/kg, with an average 

density of 22,700 particles/kg [6]. Another 

study by Liua et al., (2019) showed that the 

density of microplastics in the wastewater and 

sludge was 28,400 and 404,300 particles/kg, 

respectively [7]. This showed that wastewater 

and sludge after passing through the treatment 

system are still latent sources of microplastic 

pollution in the environment. Talvitie et al., 

(2017) also discovered differences in 

microplastic removal effectiveness due to 

changes in wastewater treatment technology 

[16]. Although a large percentage of 

microplastics in the wastewater treatment 
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system have been removed, the wastewater still 

contains a large amount of microplastics. 

Besides industrial sources, domestic wastewater 

and domestic solid waste are also contributing 

factors to microplastic pollution. Microplastics 

can pervade ecosystems through many sources, 

such as wastewater treatment facilities, runoff 

from urban areas, entertainment activities, 

agriculture, and industry [1]. In Hanoi, about 95% 

of the capital's wastewater is disposed into the 

rivers without treatment (about 450000 m3 per day) 

[4]. Therefore, domestic wastewater could also 

be a major cause of microplastic accruement in 

the soil and water environments. Directly 

discharging untreated wastewater from various 

sources (domestic waste, untreated sewers, 

laundry, commercial solid waste, etc.) could 

also lead to an enormous concentration of 

microplastics in sediment samples. 

In Vietnam, the obtained results from this 

study are the first step towards assessing the 

status of microplastic pollution in sediments of 

the receiving wastewater source from some 

industrial production facilities. Further studies 

are needed to determine the microplastic 

pollution in sludge, input wastewater and 

post-treatment wastewater before it is emitted 

into the surrounding environment. 

3.2. Shape, Size and Color Characteristics of 

Microplastic in Sediment Samples 

3.2.1. Shape of Microplastics 

Shape is an important factor in microplastic 

classification. In this study, microplastic shapes 

in sediment samples at 9 study sites were 

observed using a Leica MZ12 microscope on a 

Whatman GF/A filter. The abundance of 

microplastic shapes is shown in Figure 3. 

Fragments and fibers were the most abundant 

microplastics found in sediment samples at 

these sites. 

The fibers were the dominant microplastic 

shape in sediment samples with a range from 59 

to 94% while the fragments were less prevalent 

accounting for 6 to 41% of the total. At M6 and 

M7 locations, the fiber microplastics were quite 

high, above 90%. These were the sites that 

received wastewater from the bedding and 

pillow production craft villages. Cesa et al., 

(2017) presented that the increasing 

consumption of laundry and textiles led to more 

frequent detection of fiber microplastics. In 

textile manufacturing, fiber microplastics are 

also produced during the cutting and joining 

processes, which then go into the wastewater 

and accumulate in the sediment [3]. 

 

Figure 3. The shape distribution of microplastics 

in sediment samples. 

The density of microplastics at M3, M1, 

M2, M4, M5, M8 and M9 locations were in the 

range of 23-41%, which were higher than at M7 

and M6 (6% and 10%, respectively). Mahon et al., 

(2017) also claimed that the microplastic fibers 

could be mainly derived from the washing and 

discharging processes of the fiber industry, 

while the fragment microplastics might be 

related to plastic production or derived from 

plastic packaging, cosmetics, and personal care 

products such as toothpaste, face masks and 

soaps [9]. Mason et al., (2016) stated that in 

wastewater from the wastewater treatment 

systems, fiber microplastics also accounted for 

the highest proportion, followed by fragment 

microplastics, finally foam and pellet 

microplastics accounted for a very small 

fraction [10]. In general, fibers and fragments 

are the two main forms of microplastics in the 

waste sources (from the wastewater treatment 

plants, the domestic activities, the air,...). This 

also explained the high occurrence of these 

microplastics in the sediments. 
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3.2.2. Size of Microplastics 

Similar to the shape of microplastics, their 

size is also a significant factor affecting the 

appearance of microplastics in the environment. 

Because microplastics are very small, they 

could easily penetrate the food chain of the 

ecosystem. Therefore, it is necessary to 

determine the size of microplastic particles in 

the sediment samples. In Figure 4, the 

distribution of microplastic particle sizes in 

the sediment samples at wastewater 

discharged locations of some industrial 

production activities was presented. The 

collected microplastics in this study were  in the 

<1000-9000 µm size range for fiber particles 

and in the <200,000-2,100,000 µm size range 

for fragment particles. Microplastic particles in 

the form of fragments and fibers at the study 

sites were various in size. The size distribution 

of microplastic fibers detected at all sites in this 

study was mainly divided into <1000 µm, 

1000-2000 µm, 2000-3000 µm, 3000-4000 µm 

and 4000-9000 µm as shown in Figure 4a. 

Microplastics with sizes <1000 µm and 

1000-2000 µm accounted for the largest 

proportions, with 21.05-37.84% and 39.74-61.17%. 

Microplastics with sizes of 2000-3000 µm, 

3000-4000 µm and 4000-9000 µm accounted 

for a lower proportion in the range of 

7.89-23.08%, 0-11.54% and 0-10.81%. 

Regarding the size distribution of the 

microplastic fragments detected in this study, it 

was mainly divided into the areas of <200000 µm2, 

200000-400000 µm2, 400000-900000 µm2 and 

900000-2100000 µm2 (Figure 4b). In which, the 

occurrence frequency of microplastic fragments 

in the studied sites accounted for 46.15-88.89%, 

0.00-29.03%, 0.00-19.35% and 0.00-15.38%. 

 

   

Figure 4. The size frequency of microplastics in sediment samples. 

In this research, microplastics with sizes 

<1000 µm and 1000-2000 µm had the highest 

count of 65.38-87.32% for the fiber shape. 

Similar to the fragments, microplastics with 

areas in the range <200000 µm2 account for a 

high ratio, accounting for 46.15-88.89%. Wu 

et al., (2019) also reported that the size 

distribution trend of microplastics resembled 

the results in the water and sediment samples in 

Bohai Bay, China [21]. Publications on the size 

of microplastics in wastewater also showed that 

microplastics in the size of <2000 μm were 

dominated, while 2000-5000 μm microplastics 

accounted for a very low percentage [22]. The 

disappearance of larger debris could be 

attributed to mechanical erosion by settlement 

and faulting, chemical or even biological 

degradation and other hidden reasons related to 

the fact that the larger and heavier plastic 

particles are, the easier they are adsorbed and 

deposited during transport. 

3.2.3. Color Distribution of Microplastics  

During the manufacturing process, plastics 

are often dyed to create their properties such as 

ductility, durability, electrical conductivity, etc. 

In addition, the color of microplastics is 
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beneficial in plastic source identification as well 

as potential contamination [19]. The research 

data in Figure 5 showed that microplastic colors 

from sediment samples could be distinguished by 

white, black, red, blue, yellow, greenand purple. 

 

Figure 5. Color variation of microplastics 

in sediment samples.Regarding the color 

richness of microplastics (n=72), the majority 

of microplastics were purple (44.69±10.64%) 

and black (14.31±8.34%). Green, blue, white 

and red microplastics accounted for 

10.44±4.79%; 10.18±4.85%; 9.68±5.67% and 

10.25±3.86%, respectively. Yellow microplastics 

were rarely observed and accounted for 

0.45±0.67%. The research results revealed that 

the color of microplastic particles in the 

collected sediment samples was quite diverse. 

Colored microplastic particles were high in 

ratio. The color diversity of microplastics was 

also detected in the after-treatment wastewater 

and sludge, surface water, and river sediments 

of the previous studies [11, 19, 22]. This might 

indicate that the occurrence of large amounts of 

colored microplastics in the above study sites 

was heavily influenced by industrial and urban 

waste sources. 

4. Conclusion  

Sediment samples, were collected at 9 

locations that received wastewater from several 

industrial production activities in the Day 

River basin and contained microplastics with 

a high density, ranging from 2,900 to 

238,200 particles/kg. Fibers and fragments were 

the most abundant microplastics found in 

sediment samples at these sites, accounting for 

59-94% and 6-41%, respectively. The size of the 

microplastics obtained ranged from <1000-9000 µm 

for fibers and < 200,000-2,100,000 µm2 for 

fragments. Microplastics with sizes <1000 µm 

and 1000-2000 µm accounted for the largest 

proportions with 21.05-37.84% and 39.74-61.17%. 

The color of microplastic particles in the 

collected sediment samples was quite diverse. 

Colored microplastic particles had a sizable 

percentage of the total. These data are the first 

step toward assessing microplastic pollution at 

waste sources. 
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