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Abstract: This study investigated the occurrence of microplastics (MPs) in the gastrointestinal tracts
(GT) and tissues of four common shrimps (including two wild-caught shrimps and two farmed
shrimps) collected from a high-diversity lagoon in central Vietnam. The numbers of MP items in
greasy-back shrimp (Metapenaeus ensis), green tiger shrimp (Penaeus semisulcatus), white-leg shrimp
(Litopenaeus vannamei), and giant tiger shrimp (Penaeus monodon), determined per weight and individ-
ual, were 0.7 ± 0.3, 0.6 ± 0.2, 1.1 ± 0.4, and 0.5 ± 0.3 (items/g-ww), and 2.5 ± 0.5, 2.3 ± 0.7, 8.6 ± 3.5,
7.7 ± 3.5 (items/individual), respectively. The concentration of microplastics in the GT samples was
significantly higher than that in the tissue samples (p < 0.05). The number of microplastics in the
farmed shrimp (white-leg shrimp and black tiger shrimp) was statistically significantly higher than
the number of microplastics in the wild-caught shrimp (greasy-back and green tiger shrimps) (p <0.05).
Fibers and fragments were the dominant shapes of the MPs, followed by pellets, and these accounted
for 42–69%, 22–57%, and 0–27% of the total microplastics, respectively. The chemical compositions
determined using FTIR confirmed six polymers, in which rayon was the most abundant polymer,
accounting for 61.9% of the MPs found, followed by polyamide (10.5%), PET (6.7%), polyethylene
(5.7%), polyacrylic (5.8%), and polystyrene (3.8%). As the first investigation on the MPs in shrimps
from Cau Hai Lagoon, central Vietnam, this study provides useful information on the occurrences
and characteristics of the microplastics in the gastrointestinal tracts and tissues of four shrimp species
that live in different living conditions.

Keywords: gastrointestinal tract; tissue; microplastics; wild-caught shrimps; farmed shrimps

1. Introduction

More than five trillion plastic pieces (about 250,000 tons) have been found in the
world’s oceans [1]. According to Plastic Europe’s annual assessment report for 2017–2018 [2],
the rising production and consumption of plastic have led to an increase of 8.4 million
tons of plastic trash being discharged into the marine environment. Large quantities of
plastic debris from the continent reach the marine environment primarily through rivers [3],
industrial and urban wastewater, and runoff from beach sediments and their adjacent
fields [4]. Other direct sources of this plastic debris in the marine environment include
offshore industrial activities (such as oil and gas extraction), aquaculture activities, lost fish
nets, and littering at sea, including tourism-related activities [4]. Microplastics (MPs) are
small (items smaller than 5.0 mm), non-biodegradable, and persistent polymers, which are
pervasive in the environment and have raised many concerns about their effects on human
health, biodiversity, and ecosystem function worldwide [5–11]. Moreover, some studies
have indicated that MPs in the environment can act as media for adsorbing heavy metals
or micro-pollutants, which are more toxic [12,13].
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Vietnam has a high potential for MP contamination due to its rapid economic devel-
opment and inadequate waste management. However, limited information regarding the
occurrences of MPs in environmental matrices has been reported in Vietnam. Therefore,
studies on the occurrences of MPs in environmental compartments and marine creatures
are necessary, which will help to raise public consciousness about MP pollution and en-
courage people to take action to reduce their MP discharges. A previous study estimated
that Vietnam has the world’s fourth largest amount of plastic waste, which originates from
the land and is deposited into the ocean, with 1.83 million metric tons being deposited per
year [14]. High levels of plastics and MPs were found in the Saigon River, which flows
through Ho Chi Minh City—one of the most developed cities in Vietnam [14]. According
to daily analyses of the garbage pulled from the Saigon River, between 11 and 43 percent
of the trash in the river is made of plastic. Furthermore, it was estimated that, daily, each
person discharges from 0.96 to 19. 9 g of plastic debris into the river, which means that,
yearly, every person releases from 350 to 7270 g of plastic into the river [14].

The decapod shrimp is found in shallow coastal and estuary environments with
soft bottoms such as sand and mud, where research has indicated a high buildup of
microplastics [15–18]. This means that the shrimp may be subjected to varying quantities of
microplastics at various points throughout their lifecycle. Greasy-back shrimp, green tiger
shrimp, white-leg shrimp, and giant tiger shrimp are common species that are wild-caught
and farmed in Cau Hai Lagoon, consumed mainly by people living not only in Thua Thien
Hue, but also the central Vietnam region. Therefore, a high risk to human health is posed
when people eat shrimp containing MPs, with or without adsorbed contaminants on the
items [19,20]. Surprisingly, aquaculture products can also be contaminated by MPs due
to the consumption of food containing MPs [21]. Therefore, MPs and the toxins that they
absorb can move up the food chain and accumulate at higher trophic levels, including in
humans [19,21].

Cau Hai Lagoon is part of the Tam Giang-Cau Hai ecosystem—the largest coastal
lagoonal system of southeast Asia, with an area of 216 km2 and a high biodiversity [22]. This
lagoon ecosystem feeds 500,000 people in 44 communes in five regions and towns around
the lagoon. The rapid expansion of coastal residential areas, aquaculture regions, industrial
zones, and small enterprises in the basin, as well as tourists, pose a high pollution burden
on its surrounding ecosystems, including the Cau Hai Lagoon, especially with plastic
waste. Aquaculture and fishing, especially shrimp, are the important economic sectors of
the people living around Cau Hai Lagoon; therefore, an analysis of the microplastics in
shrimp collected from this area is necessary, in order to raise concerns about the potential
impacts of these microplastics on the health of both the seafood industry and its consumers.
This study aimed to characterize the occurrence of microplastics accumulated in the four
most consumed shrimps in Cau Hai Lagoon, central Vietnam. These shrimp species
included two wild shrimps (greasy-back shrimp and green tiger shrimp) and two farmed
shrimps (white-leg shrimp and giant tiger shrimp). The gastrointestinal tracts (GT) and
tissues of these wild and farmed shrimps were also separated to analyze the microplastics
and explore the differences in the abundance and morphological properties of these MPs.
Investigating the microplastics in shrimp can provide valuable information, not only for
further understanding the accumulation of MPs in shrimps, but also for adding the level of
these MPs accumulated in aquatic creatures in Vietnam to those reported worldwide.

2. Results
2.1. Abundance of Microplastics

The number of MPs found in the samples is summarized in Table 1. MPs were
found in 30% of the tissue samples of the wild-caught shrimps (Metapenaeus ensis and
Penaeus semisulcatus), while the detection frequencies of the MPs in the tissue samples
of Penaeus monodon Fabricius, and Litopenaeus vannamei were 83% and 93%, respectively.
These results also indicated that 100% of the GT samples of all the shrimps had accumu-
lated MPs. The mean numbers of the MPs extracted from Metapenaeus ensis (greasy-back
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shrimp) and Penaeus semisulcatus (green tiger shrimp) were 2.5 ± 0.5 (0–4) items/individual
(0.7 ± 0.3 2 items/g-ww) and 2.3 ± 0.7 (0–4) items/individual (0.6 ± 0.2 items/g-ww),
respectively. The mean numbers of the microplastics in the whole bodies of the farmed
shrimps, including Litopenaeus vannamei (white-leg shrimp) and Penaeus monodon
(giant tiger shrimp), were 8.6 ± 3.5 (1.1 ± 0.4 item/g-ww) and 7.7 ± 3.5 items/individual
(05 ± 0.3 item/g-ww), respectively. These figures were calculated from the MP num-
bers found in the tissue and GT samples of each species. The numbers of MPs accu-
mulated in the tissues of Metapenaeus ensis, Penaeus semisulcatus, Litopenaeus vannamei,
and Crangon crangon were 0.5 ± 0.4, 0.3 ± 0.3, 0.3 ± 0.1, and 0.2 ± 0.1 (items/g-ww),
respectively, while the numbers of items found in the GTs of Metapenaeus ensis, Penaeus
semisulcatus, Litopenaeus vannamei, and Crangon crangon were 2.5 ± 0.5, 3.2 ± 0.7, 104 ± 73,
and 28.3 ± 5.7 (items/g-ww), respectively.

Table 1. Comparison of microplastic pollution in shrimps in the present study with those in previous studies.

Specie Type of Sample Levels of MPs
(Items/Individual)

Levels of MPs
(Items/g-ww) Size (µm) Microplastic Type Nation Reference

Greasy-back shrimp
(Metapenaeus ensis)

Whole 2.5 ± 0.5 1 0.7 ± 0.3 <100–1000
Rayon, PET,

Polyethylene, Polyamide,
Polystyrene, Polyacrylic

Cau Hai Lagoon,
Central Vietnam

This study

GT 0.9 ± 0.2 2.1 ± 0.3 <100–1000

Tissue 1.0 ± 0.8 0.5 ± 0.4 <100–250

Green tiger shrimp
(Penaeus semisulcatus)

Whole 2.3 ± 0.7 1 0.6 ± 0.2 <100–1000
Rayon, PET,

Polyethylene, Polyamide,
Polystyrene, Polyacrylic

GT 1.4 ± 0.3 * 3.2 ± 0.7 <100–500

Tissue 0.9 ± 0.8 * 0.3 ± 0.3 <100–500

White-leg shrimp
(Litopenaeus vannamei)

Whole 8.6 ± 3.5 2 1.1 ± 0.4 <100–1000

Rayon, PET,
Polyethylene, Polyamide

GT 6.3 ± 1.4 ** 104 ± 73 <100–1000

Tissue 2.3 ± 0.4 ** 0.3 ± 0.1 <100–500

Giant tiger shrimp
(Penaeus monodon)

Whole 7.7 ± 3.5 2 0.5 ± 0.3 <100–2000

Rayon, PET,
Polyethylene, Polyamide

GT 5.4 ± 1.3 *** 28.3 ± 5.7 <100–1000

Tissue 2.3 ± 0.7 *** 0.2 ± 0.1 <100–500

Crangon crangon Whole body 1.23 ± 0.99 0.68 ± 0.55 200–1000 Fibers Southern North Sea Devriese et al. [15]

Crangon allmanni Whole body 1–3 - - Fragments and films of
polyethylene and polyacrylic Jeløya, Norway Bour et al. [23]

Penaeus semisulcatus Muscle 0.36 - 50–5000 µm fibers
and <50 µm fragments Fibers and fragments Persian Gulf Akhbarizadeh et al. [24]

Fenneropenaeus indicus Whole body 0.04 ± 0.07 - 157–2785
Fibers, fragments and films of
polyethylene, polypropylene

and polyamide
Kochi, India Daniel et al. [25]

Paratya australiensis - 24 ± 31 - <1–2 mm Fibers of rayon and polyester Northern central
Victoria, Australia Nan et al. [26]

Penaeus monodon
GT

6.6 ± 2 3.40 ± 1.23 250–500 Fibers, particles and fragments of
polyamide 6 and rayon

Northern Bay of Bengal,
Bangladesh Hossain et al. [16]

Metapenaeus monoceros 7.8 ± 2 3.87 ± 1.05 1000–5000

Litopenaeus vannamei,
Pleoticus muelleri,

Fenneropenaeus indicus
GT 21.0 ± 4.0 - - Films, fibers,

fragments and spheres Singapore Curren et al. [17]

Metapenaeus monoceros,
Parapeneopsis stylifera,

Penaeus indicus
GT 6.78 ± 2.80 70.32 ± 34.67 100–250

Fibers, fragments, beads,
pellets and films of polyethylene,

polypropylene, polyethylene
terephthalate, polyester

and polyamide

Arabian Sea Gurjar et al. [18]

Litopenaeus vannamei

Whole 18.5 ± 1.2 1.06

<2000 Northwestern Mexico
Valencia-Castañeda

et al. [27]

GT 7.6 ± 0.6 261.7 ± 84.5

Gills 6.3 ± 0.9 13.1 ± 1.8

Exoskeleton 4.3 ± 0.9 2.6 ± 0.6

Note: 1 and 2 indicate significant difference of MPs observed in the whole wild and farmed shrimps (the different
number for p < 0.05); *, **, and *** represent the significant difference (p < 0.05) in MPs measured in GT and tissue
samples of green tiger shrimp, white-leg shrimp, and giant tiger shrimp, respectively.

2.2. Morphological Characteristics of Microplastics in Shrimps

Figure 1 depicts several forms of MP, including the fibers, fragments, and pellets
isolated from the different samples in this study (including tissues and gastrointestinal
tracts). As also indicated in Figure 2, the common colors of these fibers and fragments
were white, black, red, blue, and transparent, which were widely found in the aquatic
creatures [28,29]. The color and size distribution of the MPs found in these four study
shrimps are depicted in Figure 2a, which indicates that white-transparent and black-grey
were the main MP proportions in the tissues and GTs of these shrimps, accounting for more
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than 60% of the total MPs, followed by red-pink and blue-green. Yellow-orange was also
found in the tissues of giant tiger shrimp and GTs and tissues of green tiger shrimp.
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Figure 1. Different shapes of microplastics in shrimps collected from Cau Hai Lagoon, central
Vietnam. The photographs were taken directly on the filter paper.

The size distribution of the MPs extracted from the tissue and GT samples is depicted
in Figure 2b, which reveals that the MP sizes found in the tissue samples were smaller than
500 µm, while larger sizes of MPs were found in the GT samples. Figure 2b also indicates
that 86–90% of the total MPs in the tissue samples were smaller than 250 µm. On the other
hand, MPs larger than 250 µm were dominant in the GT samples, accounting for 57%, 77%,
and 56% in the greasy-back, green tiger, and giant tiger shrimps, respectively.

Figure 2c depicts the shape distribution of the MPs in the four kinds of shrimps and
indicates that fiber was the most common shape of these MPs observed in both the tissue
and GT samples, accounting for 42% to 69% of the total MPs. Fragment was the second
most common shape, which ranged from 25% to 57% of the total MPs. Moreover, pellet
was not found in all the samples of greasy-back shrimp and tissues of giant tiger shrimp.
Pellet was found in the GTs of giant tiger shrimp (6%), while it accounted for 14% and 11%
in the tissues and GTs of white-leg shrimp, respectively, and about 17% and 14% in the
tissues and GTs of green tiger shrimp, respectively.

2.3. Identification of Microplastics in Shrimps with ATR-FTIR

As mentioned in the previous section, a relatively high level of MPs was found in the
GTs and tissues of the shrimps collected in Cau Hai Lagoon, central Vietnam. It is essential
to identify their chemical compositions, because this could provide valuable information
on the sources of the microplastics digested by these shrimps. A total of 268 samples were
found in four shrimp species; then, 105 items (39%) were randomly selected for structural
determination using ATR-FTIR. Among them, 98 items (93.3%) were confirmed as plastics,
comprising 6 polymer types, as summarized in Table 2 and Figure 3. Rayon was the most
abundant polymer, accounting for 61.9% of the total MPs, followed by polyamide (10.5%),
PET (6.7%), and polyethylene (5.7%). Polystyrene and polyacrylic were also found in the
samples in quantities of 3.8% and 5.8%, respectively.
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Table 2. Chemical composition of microplastics found in four types of shrimp.

Description
Number of MPs

Percentage (%)Greasy-Back
Metapenaeus ensis

Green Tiger
Penaeus semisulcatus

White-Leg
Litopenaeus vannamei

Giant Tiger
Penaeus monodon Total Items

Total selected items 31 25 24 23 105 100%
Rayon 18 18 14 15 65 61.9%

PET 2 - 3 2 7 6.7%
Polyethylene 1 1 2 2 6 5.7%

Polyamide 2 2 3 4 11 10.5%
Polystyrene 3 1 - - 4 3.8%
Polyacrylic 3 2 - - 5 4.8%

Unidentified 2 1 2 2 7 6.7%
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3. Discussion
3.1. Abundance of MPs in Shrimp Samples

To the best of our knowledge, this study is the first report on the characteristics of
the MPs in the tissues and gastrointestinal tracts of four lagoon shrimp species, including
greasy-back shrimp (Metapenaeus ensis), green tiger shrimp (Penaeus semisulcatus), white-
leg shrimp (Litopenaeus vannamei), and giant tiger shrimp (Penaeus monodon), which were
collected from Thua Thien Hue, central Vietnam. The results show that all the wild and
farmed shrimps had accumulated MPs in their gastrointestinal tracts and tissues. The
detection rate of the MPs in the samples of this study was relatively higher than that
reported worldwide [26,29]. Wang et al. [30] investigated the occurrence of MPs in river
shrimps in China (Exopalaemon modestus and Macrobrachium nipponense) and indicated that
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the detection rates were 50.1% and 64.6%, respectively. Nan et al. [26] also reported that
36.2% of Paratya australiensis samples collected in Australia had accumulated MPs. This
result corroborates well with the quite high detection rate of MPs in the shrimp collected
from central Vietnam, implying a high microplastic accumulation rate in the seafood in
central Vietnam.

Table 2 compares the results obtained in this study with those reported by previous
studies. Severini et al. [31] also reported that 1.31 fibers/g were found in commercial shrimp
Pleoticus muelleri collected in the southwestern Atlantic Ocean, while Devriese et al. [15]
found a relatively low level of MPs in European brown shrimp collected in the Southern
North Sea, with 1.23 ± 0.99 items/individual (0.68 ± 0.55 items/g). A higher abundance
of MPs has been found in other studies, such as 3.40 ± 1.23 and 3.87 ± 1.05 items/g for
giant tiger shrimp and brown shrimp in the northern Bay of Bengal, Bangladesh [16]; Nan
et al. [26] investigated the microplastics in Australian glass shrimp (Paratya australiensis),
which commonly live in freshwater bodies. Their results showed that 36% of these shrimps
had microplastics at 0.52 ± 0.55 items/individual (24 ± 31 items/g). Gurjar et al. [18]
reported that an extremely high level of MPs was found in three species of shrimp col-
lected from the Arabian Sea. Curren et al. [17] reported MPs in three kinds of shrimp
(Litopenaeus vannamei, Pleoticus muelleri, and Fenneropenaeus indicus) collected in Singapore,
with the highest number of these microplastics reaching 21 ± 4 items per individual. These
figures indicate that the levels of MPs found in this study are relatively lower than those
reported for the MPs in shrimp collected in other countries.

The number of microplastics in the farmed shrimp (white-leg shrimp and black tiger
shrimp) was statistically significantly higher than the number of microplastics in the wild-
caught shrimp (greasy-back shrimp and green tiger shrimp) (p < 0.05). This finding is
in line with that reported by Yan et al. [32], who found a higher abundance of MPs in
farmed shrimp compared to mostly wild aquatic creatures. Although all the wild and
farmed shrimps lived in Cau Hai Lagoon, they might have been exposed to different water
qualities and stagnant water conditions in farming areas and the wild environment, which
are associated with aquatic contaminants, including microplastics [33]. It is noted that
the detection frequency of MPs in the farmed shrimps was also higher than that in the
wild shrimps. This finding also raises the possibility that the increasing accumulation of
microplastics in the farmed shrimp may have its origins in the contaminated feed used for
growing these farmed shrimps. A similar result was also reported by Murphy [34], with a
significantly higher number of MPs being found in farmed seafood (blue mussels and pacific
oysters) compared to wild seafood. Except for greasy-back shrimp (Metapenaeus ensis), the
number of MPs in the GTs of the three other species was significantly higher than that in the
tissues (p < 0.05), for both MPs/individual and MPs/g-w. A higher occurrence of MPs found
in the gastrointestinal system compared to the tissues and other organs has been reported
for different aquatic creatures [35]. Valencia-Castañeda et al. [27] investigated the MPs in
Litopenaeus vannamei and indicated that number of MPs in the different organs of the shrimp
followed the order of: gastrointestinal tract > gills > exoskeleton. Atamanalp et al. [36]
also investigated the MPs in different tissues of Mullus barbatus and Alosa immaculata
and reported that the MPs accumulated in the different samples followed the order of:
gastrointestinal tract > gill > tissue > brain. These results suggest that the main route of
shrimp exposure to MPs might be food digestion and feeding them contaminated food
could be the main reason for the higher MP levels in farmed shrimps.

3.2. Morphological Characteristics of MPs

In terms of the shape of the MPs, the fibrous shape was dominant, which is in line
with findings for different aquatic creatures [15–18,24–26]. The portion of the fibrous shape
found in this study is comparable with that reported worldwide, such as 70% in fishes from
the Mediterranean Sea [37], 68% in fishes from the English Channel [38], 66% in fishes off
the Portuguese coast [39], 71% in fishes off the Spanish coast [40], and 83% in fishes off the
Spanish coast [41]. The possible sources of these fibers in the coastal and marine waters
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of Bangladesh could originate from fishing nets, ropes, lines, laundry, and urban wastes,
which are similar to other findings. In general, the main shape of the MPs was fibrous,
suggesting that the source of these MPs was probably from man-made fibers or fishing nets,
or even wastewater from domestic activities such as cloth washing. In addition, fibrous
MPs might originate from the plastic rope used in fishing nets or plastic lines where farmed
shrimps are grown [42].

The results also indicated that all the MPs found in the tissue samples were smaller
than 500 µm and 86% to 90% of the MPs were smaller than 250 µm, whereas the sizes
of the MPs found in the GTs were more diverse, with these sizes ranging from <100 µm
to >1000 µm. Except for the GTs of the white-leg shrimp, the GTs of the other shrimps
were accumulated with 54–77% of MPs larger than 500 µm. Yan et al. [32] reported that
MPs smaller than 500 µm were dominant (60.6%) in Litopenaeus vannamei, while 70% of
the total MPs found in Fenneropenaeus indicus (Penaeus indicus) were in size range of
500–1000 µm [25] Hossain et al. [16] indicated that the size distribution of MPs in shrimps
varied with the species and sampling sites of the shrimp. They also found that the size of
the MPs found in the GTs of tiger shrimp and brown shrimp might be up to 5 mm, with
70% of the total MPs being in the size range of 1–5 mm. The larger size of MPs accumulated
in the gastrointestinal systems of sea creatures was also reported previously in [43]. The
results obtained in this study indicate that MPs smaller than 250 µm were easily permeable
in the gastrointestinal systems and accumulated in the tissues of shrimp, while MPs larger
than 500 µm tended to accumulate in the gastrointestinal systems, due to the difficulty of
their permeation through these gastrointestinal systems.

3.3. Polymer Composition of MPs

Our study discovered six types of polymers, including rayon, polyethylene terephtha-
late, polystyrene, polyacrylic, polyamide, and polyethylene, in the shrimps collected from
Cau Hai Lagoon. These polymers have been frequently detected in other research studies
on shrimps. In one such study conducted by Yan et al. [32] on farmed Litopenaeus vannamei
shrimp from Guangdong Province, China, cellulose (67.9%) was found to be the primary
polymer in MPs, followed by PE. Similarly, Severini et al. [31] reported that the fibers
found in wild Phalacrognathus muelleri shrimp comprised PE, PP, and cellulose. Another
study on Paratya australiensis by Nan et al. [26] identified 11 types of polymers, with rayon
being the most common (22.6%), followed by PES (7.5%). Hossain et al. [16] detected PA
(59.1%) and rayon (27.3%) in two wild species of penaeid shrimp (Metapenaeus monoceros
and Penaeus monodon) from the Bay of Bengal. In our study, rayon was found to be the most
common MP (61.4%), followed by polyacrylic (11.4%), polystyrene (9.1%), and polyamide,
which was found with a prevalence of 6.8%, and finally, polyethylene at 4.5%. The FTIR
spectra of rayon, PET, polyamide, polyethylene, polyacrylic, and polystyrene were shown
in Figure 3.

Recently, many studies have claimed that rayon fiber was found as a microplastic in
fish tissue [8,37,44] or shellfish tissue [45]. On the other hand, although artificial fibers
such as viscose, cellulose acetate, and rayon might contain petroleum-based materials,
they are not entirely produced [46]. Nevertheless, washing textiles made with these fibers
could result in the discharge of these substances into the environment, which is presently
regarded as a growing threat to the marine ecosystem [47,48].

4. Materials and Method
4.1. Chemicals

Both potassium hydroxide (KOH, 45 wt.% in H2O) and sodium iodide (NaI,
No. 383112, ACS reagent, ≥99.5%) were used for digesting the samples and extracting the
micro debris. They were purchased from Sigma-Aldrich. Glass fiber filter (GF/B, No.1821-
047, Whatman, Maidstone, UK) with a 47 mm diameter was used in this study during the
sample processing procedure. The pure pellets of polypropylene (PP), polyethylene (PE),
polyethylene terephthalate (PET), polyamide (PA), and polycarbonate (PC), which were
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used as microplastic standards, were purchased from Sigma Aldrich (St. Louis, MO, USA).
The PP, PA, and PC were about 3–4 mm in size, the PET was about 1 mm in size, and the
PE was less than 50 µm in size.

4.2. Sample Collection and Processing

The selected samples for the analysis were several types of shrimp, according to the
following priority principles: (i) are widely consumed by people, (ii) are typical for the
shrimp species in the study area, and (iii) are of natural origin and aquaculture. The samples
of the farmed and wild-caught shrimps were obtained in August 2022 from Cau Hai Lagoon,
central Vietnam (Figure 4). The farmed shrimp samples were collected in the harvest season
(commercial samples), including white-leg shrimp (Litopenaeus vannamei), and giant tiger
shrimp (Penaeus monodon) from two typical shrimp farms in Cau Hai Lagoon. The wild-
caught shrimp samples, including greasy-back shrimp (Metapenaeus ensis) and green tiger
shrimp (Penaeus semisulcatus), were collected on fisherman’s boats after their fishing trip.
The sampling location coordinates are presented in Table S1. Relevant information on the
numbers and characteristics of each species are summarized in Table 3. All the samples
were kept in cool containers with ice during transportation to the laboratory, where they
were then analyzed as soon as possible. The gastrointestinal tract (GT) and tissue samples
were performed separately for the MP analysis. The specimens were dissected separately
on a metal tray using scissors, a scalpel, and forceps, and the gastrointestinal tracts were
put into Petri dishes, weighed, and transferred into 125 mL glass flasks with a stopper for
the next procedure.

4.3. Samples Preparation, Digestion, and Observation

To the best of our knowledge, four major chemical groups have been used to degrade
biological matrices, including acids, bases, strong oxidizing agents, and enzymes, for
extracting microplastics [9,10,49]. However, Van Cauwenberghe et al. [9] also demon-
strated that polystyrene (PS) particles were deformed when contacted with HNO3. Simi-
larly, Avio et al. [5] found degradations of PE and PS in the digestive system of M. cephalus
when using a 22.5 M HNO3 digested solution. Furthermore, Karami et al. [42] reported
that a digestion solution such as H2O2 (35%), NaOH (5 M), HCl (5% or 37%), HNO3 (5% or
69%), or NaClO (5%) did not give high digestion efficiencies (<95%) for extracting the MPs
from fish samples. On the other hand, microscopy is used to determine physical properties
such as shape, color, or size. Decomposing samples using strong acids or acids with strong
oxidizing properties at high concentrations can cause discoloration or physical changes in
microplastics. Due to the good performance of KOH in our previous research [7,28], KOH
10% (w/v) was chosen to digest the shrimp samples in this study. After KOH (10%) was
added into a flask containing the samples, with a ratio of 10 mL of KOH per 1 g-ww of
the sample [42], the flask was then wrapped in aluminum foil and kept at 40 ◦C for 48 h,
followed by being kept for 24 h in ambient conditions. Subsequently, the flask containing
the digested material was filled with 30 mL of filtered, saturated NaI solution to separate
the high-density components from the whole-tissue extracts [25]. The liquid was then
mixed in an ultrasonic bath (Power-Sonic 420, Korea) for 30 min and allowed to settle for
60 min. The supernatant containing MPs was collected by filtering the liquid through a
microfiber filter (Whatman GF/B) using a vacuum system. The remaining parts continued
to dissolve with NaI to separate the supernatant through the filter membrane. This process
was repeated three times. The overlying water was directly filtered over a 1.0 µm pore size
47 mm diameter glass microfiber filter (Whatman GF/B) with a vacuum system. Finally,
the filter was placed into a clean Petri dish with a cover for further measurements.
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Table 3. Lengths and weighst of shrimp from Cau Hai Lagoon, central Vietnam.

Common Name Species Habitat Number of Sample Shell Length
(cm)

Shell Width
(cm)

Shell Weight
(g/Individual)

Soft Tissue Weight
(g/Individual)

Greasy-back shrimp Metapenaeus ensis Wild 30 8.2 ± 0.3 2.0 ± 0.1 3.6 ± 0.6 2.6 ± 0.4

Green tiger shrimp Penaeus semisulcatus Wild 30 10.4 ± 0.7 1.4 ± 0.3 8.2 ± 1.2 4.4 ± 1.0

White-leg shrimp Litopenaeus vannamei Farmed 30 13.8 ± 0.8 3.0 ± 0.1 14.4 ± 2.8 8.1 ± 0.8

Giant tiger shrimp Penaeus monodon Farmed 30 17.1 ± 1.0 3.0 ± 0.1 32.4 ± 3.1 14.9 ± 0.8

4.4. Identification of Microplastics

Under a Biocular Stereo Microscope (YM0745-L) equipped with a 5.0-megapixel cam-
era, the filter paper containing the extracted microplastics was observed. A heated needle
was used to distinguish the MPs and other particles (sand or undissolved shrimp tissues),
as described in a previous study [49]. When a heated needle touched the extracted items, if
an item was microplastic, it would emit an odor of smelting and become curly, especially if
it was a fiber. No specific phenomenon was found as the hot needle pointed at sandy items.
The morphology properties of the MPs were classified into fiber, fragment, and pellet and
confirmed according to their physical characteristics. The size of the MPs was measured
using a calibrated stage micrometer scale and ocular scale [16]. The MPs were classified
into five sizes, <100 µm, 100–250 µm, 250–500 µm, 500–1000 µm, and 1–5 mm. The MPs
were categorized into five different colors, including white-transparent, yellow-orange,
red-pink, blue-green, and black-grey. In total, 105 items (about 39% of the total MPs) from
four shrimp species were randomly selected and verified for their chemical compositions
using an iS50 FTIR system with an integrated ATR diamond crystal.

All the detailed information regarding the methods for avoiding contamination in
the laboratory, performing blanks, controlling the sample degradation efficiency, and
evaluating the recovery of the analytical methods is presented in the quality assurance and
quality control (QA/QC) section, which includes in the Supporting Information (SI).
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5. Conclusions

As one of the first investigations on the MPs in shrimps collected from Cau Hai Lagoon,
central Vietnam, this study successfully separated and evaluated the occurrences of MPs in
the tissues and GTs of wild and farmed shrimps. The results indicated that MPs were found
in the commercial shrimp collected from Cau Hai Lagoon, suggesting that the occurrence
of MPs in seafood is an unneglectable and possible risk for humans consuming shrimps
for daily food. The concentration of microplastics in the GT samples was significantly
higher than that in the tissue samples (p < 0.05). MPs smaller than 250 µm were mainly
found in the tissue samples, while the size of the MPs in the GT samples was significantly
larger than that in the tissue samples, suggesting that the permeation of MPs through
GT systems might be influenced by the size of these MPs. The number and detection
frequency of the microplastics found in the farmed shrimps (white-leg shrimp and giant
tiger shrimp) were statistically significantly higher than the number of microplastics in the
wild-caught shrimps (greasy-back shrimp and green tiger shrimp) (p < 0.05), indicating
that shrimp species, living environment, and microplastic contamination of feeding might
affect the accumulation of these MPs in shrimps. A fibrous shape and rayon were the
most common shape and polymer found in the MPs found in the tissue and GT samples,
suggesting that the main sources of microplastics might be wastewater from washing
clothes containing many man-made fibers. Other polymers, such as polyamide, PET,
polyethylene, polystyrene, and polyacrylic, imply that various sources contributed to the
occurrence of the MPs in these samples. Further studies should be conducted to determine
if the features of a species or the pollution level of the surrounding environment leads to
such a specificity in shrimps in particular and in seafood in general.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/molecules28124634/s1, Table S1: Sampling location coordinates in
this study. Refs. [50,51] are cited in Supplementary Materials.
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