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Abstract 

Microplastics (MPs) are small plastic debris (< 5 mm) which pose negative impacts to marine ecosystems. 

This paper investigated microplastic abundance in 0–5 cm and 5–10 cm layers of three sandy beaches in 

Khanh Hoa province. The results showed that fiber was the most abundant microplastics in the samples, 

comprising 85% of the total microplastics. Fragment and film were reported with smaller percentages, over 

10% and 2%, respectively. In addition, the effect of grain sizes on microplastic abundance in two sediment 

layers was also observed. At Doc Let and Cam Lam, sediments were mainly of fine grain sizes, microplastic 

concentrations decreased, when the sample depths increased. On the other hand, at Bach Dang, sediment 

sizes ranged from medium to coarse sizes, the difference of microplastic levels in two layers was not 

significant. 
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INTRODUCTIONS 
Plastics have been used in every aspect of 

daily life because of their flexibility, durability, 
low weight, low cost. Since the 1950s, global 
plastic production has increased significantly 
by its durability. However, because of 
increasing productions and their low 
biodegradability, plastic pollution has brought 
about severe environmental consequences 
because of rising production and their low 
biodegradability. In the environment, because 
of high temperature and ultraviolet radiation, 
plastic debris degrade into macro- (> 25 mm), 
mesoplastics (5–25 mm), into microplastics  
(< 5 mm), even into nano plastics (< 20 µm). 
The adverse influences of plastic pollution 
include the injury and death of marine animals 
due to tangle or ingestion of plastic debris, 
leaching of toxic chemicals [1–3]. 

Microplastics represent plastics that are 
smaller than 5 mm [4]. Microplastics comprise 
two groups: primary plastics and secondary 
plastics. Primary plastics are produced at a 
micro-scale, used for plastic production, 
cosmetics, and medicine components. 
Meanwhile, secondary plastics result from 
degradation of bigger plastic debris. The basic 
microplastic shapes are spheres, pellets, 
fragments, films, and fibers [5, 6]. In the marine 
environment, microplastics have been found in 
the beach sand, sediments, water column, and 
aquatic organisms [7, 8]. Microplastics affect all 
organisms of trophic levels, such as fishes, filter 
feeders, birds, turtles, mammals [8–10]. 

Plastic litter on beaches are exposed to 
weathering due to wind, high temperature, 
oxygen, and UV radiation, which assist plastic 
debris to smaller fragmentation [5]. For this 
reason, sandy beaches might act as a source of 
microplastic pollution. On the other hand, a 
sandy beach is considered a filtering system. 
Microplastics with low density might be easily 
moved and captured into the beaches [11]. 
Hence, concentrations of microplastics in the 
beaches might reflect a degree of plastic 
pollution in adjacent areas. 

The influence of particle size on the 
concentration of microplastics has been argued. 
For example, the study of Mathalon and Hill 
(2014) [12] in the port of Halifax, Canada, 

showed that the level of microplastics in the 
sample was not correlated with the particle size. 
Similarly, studies at estuaries and beaches in 
the United States also reported that the 
concentration of microplastics was not 
influenced by the particle size [13]. However, 
Browne et al., (2011) [14] proposed that 
microplastic levels increase with the decreasing 
particle size. Therefore, this study was carried 
out (1) to evaluate concentrations and shapes of 
microplastics at two sandy layers (0–5 cm and 
5–10 cm), and (2) consider the influence of 
grain size on the concentrations of 
microplastics in the sandy beaches. 

METHODS 
The study areas 

The study was conducted at 3 beaches 
(Doc Let, Bach Dang, and Cam Lam) which 
localized on the coastline of Khanh Hoa 
province (figure 1). Doc Let and Cam Lam 
beaches have been one of the tourist 
attractions of Khanh Hoa province, so that 
those places have been influenced by the 
increasing plastic litters from the tourist 
activities. Bach Dang is not a tourism beach 
and is affected by human settlements. 

Sampling method 
The sampling method in this study based on 

Yu et al., (2016) [15]. The scheme of the 
sampling method within a beach is shown in 
figure 2. Sandy samples were collected at the 
transect (100 m) in the middle of intertidal areas 
in each sampling location using a metal core 
(inner diameter of 20 cm, length of 10 cm) 
inserted into the sand layers. Samples were 
taken from the top layer about 5 cm of core and 
the deeper layer from 5–10 cm. Representative 
samples from two layers were placed in separate 
glass jars and transported to the laboratory. 

Density separation of microplastics 
At the laboratory, sandy samples were 

mixed and dried at 60
o
C in 2 days. After that, 

samples were transferred into the glass beaker 
500 mL with 200 mL saturated sodium chloride 
(358,9 g/L). The saturated NaCl solution was 
filtered with a cellulose 47 mm Millipore  
0,45 µm pore diameter (Advantec, Canada) to 
eliminate suspended materials before being 
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used in the extraction. Each sample was stirred 
with a magnetic stirrer for 2 min; the mixture 
was set still for about 5 hours. Subsequently, 
the supernatant was passed through the filter 

system using 0.45 µm pore diameter membrane. 
The filter membrane was placed into a petri 
dish. 200 mL of saturated NaCl solution was 
used as the blank sample. 

 

 

Figure 1. The location of study sites (red points) along the coastline of Khanh Hoa province:  
Doc Let (12.542984N, 109.229835E), Bach Dang (12.213953N, 109.211306E),  

Cam Lam (12.031286N, 109.217219E) 
 

 

Figure 2. Sampling methods within a beach 
 
Identification of microplastics 

The filter papers were analyzed by visual 
counting using a microscope Optika Proview 
with 40x magnification to quantify the 
microplastics. The filter papers were divided 
into four parts, counted in clockwise direction, 
to reduce miscounts. At three beaches, ten 
samples of each station, 30 sandy samples were 
visually measured following criteria in study of  
Hidalgo-Ruz et al., (2012) [16]. Microplastics 
on filter papers were classified into three types: 
fibers, fragments, films. 

Grain sizes 

The sandy sediments were dried at 105
o
C 

until constant weight; the grain sizes were 
examined using standard sieving. Samples were 
passed through different mesh sizes of sieves 
and weighed for grain-size classification. The 
results are expressed in percentages of mass. 

Data analysis 

Concentrations of microplastics in sandy 
samples are expressed in the number of items 
per volume of sand (items.m

-3
). The difference 

of microplastic concentrations in two sandy 
layers was checked by paired Student’s t-test, 
with a significant level (p) was 0.05. 

RESULTS AND DISCUSSIONS 

Grain size characteristics 
According to the results, sediments are 

composed of mature quartz sand. The sand 
grain sizes were determined using the Udden-
Wentworth (Wentworth, 1922). The sand grain 
sizes include very fine (0.0625–0.125 mm), 
fine (0.125–0.25 mm), moderate (0.25– 
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0.50 mm), coarse (0.50–1.0 mm), and very 
coarse (1.0–2.0 mm). At Doc Let and Cam Lam, 
the beach sediments were mainly fine grain size. 
At Doc Let, grain sizes of two layers were 
similar, at 5 cm of a surface layer composed of 
very fine (13%), fine (66%), moderate (11%), 
coarse (8%), and very coarse (1%), at following 
5cm layer included very fine (15%), fine (69%), 
moderate (11%), coarse (5%) and very coarse 
(1%). Similarly, Doc Let, both sandy layers of 
Cam Lam, were the same. However, the 
percentage of fine grain size of this beach was 
lower than the Doc Let site. Two sandy layers 
of Cam Lam are composed of fine (38% and 
40%, respectively), very fine (1%), moderate 
(34% and 33%), coarse (26% and 24%), and 
very coarse (1%). At Bach Dang, sandy 
samples were mainly moderate and coarse 
grain size. Moreover, the grain size of 5–10 cm 
layer was coarser than 5cm of surface layer. 
Two layers of this beach composed of fine 
(23% and 10%, respectively), moderate (44% 
and 36%), coarse (30% and 46%), and very 
coarse (2% and 6%). 

Concentration and shape of microplastics in 
beach sediments 

According to the results, microplastics 
obtained from 3 sandy beaches were secondary 

plastics, and their shapes were fibers, fragments, 
films (figure 3). On average, the highest 
concentration of microplastics in beach 
sediments was found at Doc Let (2,548 
items.m

-3
), while the lowest concentration was 

at Cam Lam (1,614 items.m
-3

). According to 
the results, the average concentrations of fibers 
at Doc Let, Bach Dang, and Cam Lam were 
5,406 items.m

-3
, 3,922 items.m

-3
, and 3,498 

items.m
-3

, respectively. Films were only found 
at 5 cm surface layer of Bach Dang, with 212 
items.m

-3
. Fragment concentrations were 

highest at Doc Let and the lowest value at Bach 
Dang. These values were 954 items.m

-3
 at Doc 

Let, 424 items.m
-3

 at Bach Dang, 530 items.m
-3

 
at Cam Lam. 

The fiber was the dominant microplastic 
type, had the highest percentage of abundance 
in sediments, constituted 86.8% and 85.7% of 
microplastics found at depths of 0–5 cm and 5–
10 cm, respectively. Fragments made up 11.7% 
and 14.3% of total microplastics at depths of 0–
5 cm and 5–10 cm, respectively. Meanwhile, 
the abundance of films composed 5% of 
microplastics in the sediment at 5 cm of the 
surface layer. The average concentrations and 
the shape percentage of microplastics at three 
beaches are given in table 1. 

 
Table 1. The average concentrations and the shape percentage  

of microplastics estimated at 3 beaches 

Sites Concentrations (items.m
-3

), mean ± SE 
Percentages 

Fibres Fragments Films 

Doc Let 2,548 ± 190 85 15 0 

Bach Dang 1,741 ± 156 88 10 2 

Cam Lam 1,614 ± 108 87 13 0 

 
Microplastics pollution is ubiquitous on a 

global scale. Microplastics have been found in 
water column [16–18], sea bottom [17, 19, 20] 
and sediments of beaches [14, 21]. They 
absorbed contaminants in the environment to 
pose potential threats for marine organisms. 

The results of this study proposed that 
microplastic pollutions have been diffused 
across the sediments of beaches at Khanh Hoa 
province. Moreover, microplastics were not 
only abundant at the surface layer but also a 
deeper layer of sediment. It might suggest that 

microplastic particulates have been 
accumulated in sediments in a long time. The 
abundance of microplastics at beaches of 
Khanh Hoa (1,967.4 items.m

-3
) was much 

lower than that in sediment beaches of Taiwan 
(21,440 items.m

-3
) [22]. 

Using t-test Student 2 tails, microplastic 
concentrations in the surface layers of Doc 
Let and Cam Lam were higher than those of 
Bach Dang (p < 0.05). It might suggest that 
tourism activities have contributed to 
increasing the microplastic pollution at 
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beaches. Previous studies proved that 
microplastics on beaches had been concerned 
with tourism activities [15, 23]. Tourists use 
items made with plastics for their activities. 
These items comprise swimming suits, 
single-use plastics, gear; subsequently, they 
can be ground into smaller pieces to increase 

microplastics in the environment. Moreover, 
hotels’ laundry is considered one of the 
sources of microplastic pollution [24]. 
Therefore, these beaches have been 
accumulated more and more microplastics 
and played as the dispersive source of 
microplastics for the aquatic environment. 

 

  

  

  
 

 

Figure 3. The micro-scope photographs of microplastics: fibres (a, b, c); fragments (d, f); films (e) 
 

The fiber was the dominant type of plastic, 

with more than 86% of microplastics found at 

three observed beaches. Fiber is the main shape 

of microplastics pollution along the coastline, 

has been reported in many studies [11, 21, 25]. 

They might come from anthropogenic activities, 

enter the coastal areas from the wastewater, 

then travel to the marine environment. The 

origin of microfiber is mainly synthetic textiles 

[26], such as polyester, polyamide, viscose, 
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acrylic, and polypropylene [27]. Napper and 

Thompson (2016) estimated that a 6 kg acrylic 

wash night release 700,000 microfibers [28]. In 

a study by De Falco et al., (2018), they also 

reported that 5kg of polyester fabric could 

release 6,000,000 to 17,700,000 microfibers 

[29]. Besides, the annual production of textiles 

is 9 million tons, with 60% being synthetic 

textiles [30]. Hence, levels of microfibers 

pollution in the environment will continue to 

increase, and they might become the dominant 

shape of microplastics. 

Microplastic concentrations in 2 sediment 

layers and influence of grain sizes 

 0–5 cm 5–10 cm  

Figure 4. Mean microplastic in items.m
-3

 

within 3 beaches surface (0–2 cm)  
and 5–10 cm samples 

 

The Student test - 2 tails was used to 

compare microplastics abundance between 

depths of 0–5 cm and 5–10 cm. At Doc Let and 

Cam Lam beaches, microplastic concentrations 

in two depths were significantly different (p < 

0.05), levels of microplastics in 5cm of surface 

layer were higher than deeper layer (5–10 cm). 

This result was similar to studies of Yu et al., 

(2016) [15] and Duncan et al., (2018) [31], who 

suggested that concentrations of microplastics 

decreased with the increasing depth sampling. 

Meanwhile, at Bach Dang, microplastic levels 

between 0–5 cm and 5–10 cm layers were not 

significantly different (p > 0.05). At Doc Let 

and Bach Dang with fine sand, microplastic 

levels of the two layers were quite different, 

except for Bach Dang with coarse sand. The 

relationship between microplastic abundance 

and the property of sediments has been 

mentioned in the study of Wang et al., (2018) 

[32]. This study proposed that the finer sandy 

layer can trap higher microplastic levels, and 

decrease deeper layers’ concentrations. The 

variation of microplastic concentrations in two 

layers among sampling beaches is shown in 

figure 4. 

The intertidal area is an area where is 

affected by wave action (run up and down). 

With this action, a partial water percolates 

through the sand, which might take 

microplastics to penetrate the sand. For this 

reason, the sandy beaches are considered the 

filtering system so that microplastics might be 

retained in the body of beaches. Percolation of 

water is closely related to the grain sizes of the 

sand; coarse sands have a higher level of 

percolation than fine sands. It means that the 

beaches with fine sand might trap microplastics 

better than coarse sands, especially fibers  

(> 1 mm) and films with lightweight and broad 

surface [11]. In this study, at two beaches (Doc 

Let and Cam Lam) with fine particles, results 

showed that concentrations of fibres in surface 

layers (0–5cm) were higher than under layers 

(5–10cm). However, at the coarse sand beach 

(Bach Dang), levels of fibers in those layers 

were relatively similar. Piperragkas et al. 

(2019) and Chubarenko et al., (2020) also 

reported that fiber concentrations in surface 

layers were higher than the under layers [11, 

33]. The concentrations (items.m
-3

) of fibers 

and micro fragments in two sand layers (0– 

5 cm and 5–10 cm) are given in table 2. 

In addition, at two beaches Doc Let and 

Cam Lam, with fine sands, microplastic 

concentrations were low at 5–10 cm layer 

(Student 2 tails, p < 0.05). The difference of 

microplastic levels in both layers at Bach Dang 

with coarse sand was not significant (Student 2 

tails, p < 0.05). According to results, it might 

suggest that the grain sizes may affect the 

microplastic concentrations in sandy layers. 

The sandy beaches with fine particles might 

trap microplastics better than the coarse sand. 

Browne et al., (2011) also asserted that 

concentrations of microplastics increased when 

the grain sizes decreased [14]. 
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Table 2. The concentrations (items.m
-3

) of fibres, fragments and films in two layers 

Sampling sites Layers Fibres (items.m
-3

) Fragments (items.m
-3

) Films(items.m
-3

) 

Doc Let 0–5 cm 6572 1060 0 

 5–10 cm 4240 848 0 

Bach Dang 0–5 cm 3816 424 212 

 5–10 cm 4028 424 0 

Cam Lam 0–5 cm 4876 636 0 

 5–10 cm 2120 424 0 

 
CONCLUSIONS 

The fiber was the predominant microplastic 
type at the observed beaches, constituting 85% 
of microplastics, 13% for fragments and 2% for 
films. At Doc Let and Cam Lam, microplastics 
are concentrated with higher levels in 5cm of 
the surface layer. Meanwhile, at Bach Dang, 
microplastic concentrations in two layers were 
not different. The recreational activities might 
be considered the source of increasing 
microplastic abundance at beaches for tourism 
(Doc Let and Cam Lam). 

The grain size of sand might influence the 
abundance of microplastics. The fine sandy 
layer can trap higher microplastic levels than 
the coarse sand. 
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