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Abstract

:

Microplastic pollution in the ocean has a major impact on marine organisms, including digestive system damage and reduced growth and fertility. This study investigated the amount, size, color, type, and presence of heads and intestines of microplastics by size in Litopenaeus vannamei, a type of marine organism. Microplastic analysis was performed using FTIR and digital microscopy. The number of microplastics by the size of the shrimp ranged from 1.73 to 3.8 MPs per 10 g, and the microplastic size of less than 100 μm was 77–92%, with blue showing the highest ratio. As for the type of plastic, PE and PP showed the highest ratio, and PET, PS, nylon, and PVC were found. Microplastics were found to be 11.83 MPs/10 g for heads and intestines and 3.16 MPs/10 g for samples without heads and intestines. This study adds to evidence for the presence of high levels of microplastics in the intestines and heads of shrimp. It also enhances our understanding of the need for efficient plastic waste management in the ocean and the impact of microplastics on marine biota.






Keywords:


microplastic detection in whiteleg shrimp; micro FTIR analysis; microplastics by shrimp size; microplastics in the head and intestines of shrimp












1. Introduction


Microplastics are defined as plastic particles smaller than 5 mm, and plastics smaller than 1μm are defined as nanoplastics [1,2,3]. Microplastics are divided into primary microplastics and secondary microplastics. Primary microplastics refer to plastics made less than 5 mm in diameter at the time of manufacture [4]. Secondary microplastics refer to plastics that were large size plastics at the time of manufacture but were smaller than 5 mm due to physical and chemical reactions [5].



Global plastic use has increased steadily since the 1960s, reaching 367 million tons in 2020 and is expected to continually increase [6]. The increase in the use of plastics is accelerating the rapid increase in microplastics. In particular, it can lead to an increase in marine microplastics, which is the final stage.



An increase in marine microplastics could lead to an increase in the microplastic level of seafood [7]. Currently, many researchers have studied the microplastic pollution of marine organisms. Wootton et al. (2021) identified microplastics in the gastrointestinal tract of Fiji and Australian fish. They found microplastics in 61.6% of fish in Australia and 35.3% of fish in Fiji. It was found that 49% of fish sampled worldwide contained an average of 3.5 microplastics [8]. Hossain et al. (2019) investigated brown shrimp and tiger shrimp inhabiting the Bay of Bengal, northern Bangladesh, and found average microplastic values of 3.40 ± 1.23/g and 3.87 ± 1.05/g. The types of MPs were PA-6 and rayon polymer, and the forms of microplastics were as filament (57–58%) and fiber (32–57%) [9]. Gurjar et al. (2021), identified microplastics in three shrimp species (Metapenaeus monoceros, Parapeneopsis stylifera, and Penaeus indicus) on fishing grounds in the northeastern part of the Arabian Sea [10]. Microplastics of the gastrointestinal tract were discovered with average amounts of 70.32 ± 34.67 MPs/g and six types of plastic polymers were identified [10]. Reunura and Prommi (2022) investigated the microplastic contamination levels of male freshwater shrimp and vannamei and confirmed that microplastics of 32.66 ± 5.10, 32.14 ± 4.85, and 10.28 ± 1.19 MP/g were contained in the gastrointestinal tracts [11]. The types of microplastics were identified as polyethylene, polycaprolactone, polyvinyl alcohol, and acrylonitrile butadiene styrene [11]. Devriese et al. (2015) investigated microplastic levels in the southern North Sea habitat area and channel area. Microplastics were detected in 63% of shrimp, and it was confirmed that the average amounts of microplastics were 1.23 ± 0.99 MPs/g [12]. Sutthacheep et al. (2021) researched microplastics in shrimp off the coast of Thailand and Andaman, and the microplastics were found to be 6–10 MPs/10 g [13]. The types of microplastics were identified as polyethylene terephthalate, polyurethane, rayon, polystyrene, and polyvinyl alcohol [13]. As such, various studies on the effect of microplastics on shrimp have been researched.



This study was conducted to determine the microplastic contamination level of shrimp, which is consumed the most in Korea. First, unlike several papers that only checked the microplastic level of shrimp, this study confirmed the microplastic content by the size of the shrimp. Second, the level of microplastics according to the presence or absence of the head and intestines of shrimp, which can confirm microplastic before and after trimming, was investigated. Therefore, this study can be used as data to see in detail the degree of microplastic contamination according to the size of the shrimp and the presence or absence of intestines, beyond simply identifying the number of microplastics in the shrimp.




2. Materials and Methods


2.1. Sample Preparation


The microplastic level of shrimp was investigated through two experiments: the number of microplastics by the size of the shrimp and the number of microplastics in the intestines and heads of the shrimp. About 150 shrimps were purchased from a Korean supermarket and microplastic analysis was performed. The first experiment confirmed the microplastic level by the size of the shrimp. Korean shrimp (Litopenaeus vannamei) was divided into large (11 ± 2.25 cm), medium (8 ± 2.17 cm), and small (6 ± 2.28 cm) sizes to determine the quantities, size, color, and types of microplastics. The number of shrimps used in the experiment was large (30 ea), medium (30 ea), and small (30 ea), a total of 90 shrimps. In this experiment, shrimps without intestines were used to check the microplastics in the tissues. The second experiment confirmed the microplastic level (quantity, size, color, type) of shrimp intestines and heads. The test subjects were 60 white-legged shrimps (Litopenaeus vannamei). Among the 60 shrimps, 30 shrimp confirmed their microplastic levels in the whole shrimp with intestines and heads. The remaining 30 shrimps had their intestines and heads removed to check the microplastic level. In this experiment, the size of the purchased shrimp was confirmed to be 11 ± 2.30 cm. All purchased shrimps were stored frozen at −20 °C before the experiment and thawed at room temperature (25 ± 3 °C) during the experiment. Figure 1 shows the picture of the shrimp used in the experiment.




2.2. Sample Pretreatment


Shrimp stored frozen at −20 °C was thawed at room temperature to determine the weight and length of the thawed shrimp. All experimental instruments used for pretreatment were washed with tertiary distilled water and then stored and dried in a closed space to ensure that other contaminants did not intervene. The order of pretreatment is to wash the shrimp in tertiary distilled water. After immersing the shrimp in a 30% hydrogen peroxide solution, grind the shrimp finely using a stainless steel mixer washed with distilled water. Decomposition of organic matter was carried out for 3 days in a 30% hydrogen peroxide solution (H2O2: CAS No. 7722-84-1) in a heating stirrer set at 40 °C and 150 rpm [14,15]. After the decomposition of organic matter, foreign substances were separated by using a 300 μm size sieve. Prume et al., 2021 confirmed the sample reproducibility and high recovery rate for >300 μm in the microplastic quantification step [16]. The sample after completing the foreign matter separation was filtered under reduced pressure using a stainless-steel mesh filter to filter out microplastics. After the material separation was completed, microplastics were filtered through a stainless filter using a vacuum filtration device. The microplastic filter used was made of stainless steel with a pore size of 20 μm and a diameter of 25 mm. The filtered filter was dried in a dry oven at 40 °C for more than 4 h, and then placed in a desiccator for 1 day and analyzed. Figure 2 shows the pre-treatment photos of shrimp in 4 stages.




2.3. Microplastic Analysis


Microplastic analysis was performed using a Fourier-transform infrared spectroscopy (FTIR) microscope (IN10MX, Thermo Fisher, Scientific Inc, Waltham, Massachuetts, USA), and through a digital microscope (DSZM-7045T, Dongwon Industry, Seoul, Korea). The microplastic analysis settings in the FTIR microscope are shown in Table 1. Figure 3 shows the results of analyzing microplastics using the FTIR microscope.



Figure 4 illustrates the micro FTIR microscope analysis sequence. The used FTIR microscope analyzes 1/4 of a 25mm meth filter at one time, and the entire filter is analyzed through four processes. For the analyzed filter, the number, material, and length of microplastics were checked using FTIR microscope software. The color of the microplastic was confirmed through a digital microscope (DSZM-7045T, Dongwon Industry, Korea). Figure 5 shows the color analysis of microplastics using a digital microscope. The type of microplastic was determined based on FTIR Spectra data provided by FTIR software. The plastic type criterion was determined as a specific plastic type if the matching rate was 70% or more and the same plastic was found in more than 10 cases. The size of the microplastic was measured by the longest length (maximum Feret’s diameter) [17].





3. Results


3.1. Microplastic Level by Shrimp Size


This experiment identified the number of microplastics in 30 shrimps by the size of Litopenaeus vannanmei from Korea. Figure 6 shows the amount of microplastics by the size of the shrimp. In small size (6 ± 2.28 cm), microplastics were found in all shrimp except two shrimps, and the average value of microplastics was 1.63 MPs/10 g. In medium size (8 ± 2.17 cm), microplastics were discovered in all shrimp except five shrimps, and it was confirmed to be 1.86 MPs/10 g. At a large size of 11 ± 2.25 cm, we obtained microplastics in all except one shrimp. The average number of microplastics found was 3.8 MPs/10 g. The used shrimp was a shrimp without intestines and heads and all microplastics were found in the flesh of shrimp.



Figure 7 shows the size of microplastics by the size of the shrimp. The microplastic ratio by the size of small shrimp was found to be 53% under 50 μm, 39% between 50 μm and 100 μm, and 8% between 100 μm and 150 μm. The microplastic size ratio of medium-sized shrimp was 46% under 50 μm, 39% between 50 μm and 100 μm, and 14% between 100 μm and 150 μm. The microplastic size ratio of large shrimp was found to be 46% under 50 μm, 31% between 50 μm and 100 μm, and 3% between 100 μm and 150 μm. In most shrimp, the proportion of microplastics less than 100 μm was high from 77% to 92%.



Figure 8 expresses the color of microplastics by the size of the shrimp. The microplastic color of small-size shrimp resulted in the order of blue 61%, white 18%, black 6%, red 6%, green 2%, yellow 4%, and gray 2%. The microplastic color in medium size shrimp was reported in order of blue 63%, white 14%, red 7%, green 4%, yellow 2%, and gray 2%. The color of microplastics in large-size shrimp was confirmed to be blue 44%, white 18%, red 14%, green 11%, black 10% and yellow 4%. In all three sizes of shrimp, blue was identified with the highest ratio.



The microplastic types of shrimp were analyzed using an FTIR Microscope. Figure 9 shows the types of microplastics by the size of the shrimp. The microplastic types of small shrimp were identified as polyethylene (PE:55%), polypropylene (PP:31%), polyethylene terephthalate (PET:4%), polystyrene (PS:4%), nylon (4%), and polyvinyl chloride (PVC:2%). In medium-sized shrimp, the types of microplastics were conformed PE (63%), PP (21%), nylon (7%), PS (4%), PVC (4%), and PET (4%), with a high proportion of PE and PP. The microplastic type in large size shrimp was resulted as PE (45%), PP(28%), PET(11%), PS(8%), nylon(7%), and PVC(2%). As for the types of microplastics, PE and PP were identified with a high ratio, and PET, PS, nylon, and PVC were found.




3.2. Microplastic Contamination Level by Presence or Absence of Shrimp Intestines


This experiment confirmed the microplastic level of thirty shrimps according to the presence or absence of the head and intestines of the white shrimp (Litopenaeus vannanmei) from Korea. Figure 10 displays the amount of microplastics with and without the intestines and the head of shrimp. In the shrimp with intestines and head, microplastics resulted in all shrimp, with an average abundance of 11.83 MPs/10 g. Microplastics without intestines and head were found in all except one shrimp and the average amount of microplastics was 3.16 MPs/10 g. About four times more microplastics were discovered in shrimp with intestines and heads than in shrimp without intestines and heads.



Figure 11 shows the size of microplastics with and without the intestines and heads of shrimps. The ratio of the number of microplastics in shrimps with the intestines and head resulted to be  ≤ 50 μm 25%, <50 to  ≤ 100 μm 20%, <100 μm to  ≤ 150 μm 24%, <150 μm to  ≤ 200 μm 20%, and >200 μm 11%. The microplastic size ratio of shrimp without intestines and heads was  ≤ 50 μm 37%, <50 to  ≤ 100 μm 40%, and <100 μm to  ≤ 150 μm 23%. The microplastic size of shrimp without the intestines and head was 150 μm or less, whereas 11% of microplastics of 200 μm or more were confirmed in shrimp with the intestines and head. It was confirmed that microplastics with a size of 200 μm or larger were included in the intestine and head of the shrimp.



Figure 12 shows the color of microplastics with and without shrimp intestines and heads. The microplastic color of the shrimp with intestines and heads was confirmed in the following order: blue (60%), white (12%), black (8%), green (8%), red (3%), yellow (3%), and gray (1%). In shrimp without intestines and heads, microplastics were identified in the following order: blue (62%), white (17%), green (9%), black (7%), red (3%), and yellow (1%). Blue was the main color of microplastics in shrimp with intestines and heads and shrimp without intestines and heads, and there was no significant difference in other colors.



Figure 13 shows the types of microplastics with and without intestines and heads of shrimp. The microplastic types of shrimp with intestines and heads were identified as polyethylene (51%), polypropylene (28%), polyethylene terephthalate (10%), nylon (8%), polyvinyl chloride (2%), polystyrene (2%). In shrimp without intestines and heads, polyethylene (59%), polypropylene (25%), polyethylene terephthalate (8%), nylon (4%), polystyrene (2%) and polyvinyl chloride (1%) were identified. There was no significant difference in the types of microplastics in shrimp with or without intestines and heads, and PE and PP were identified as major microplastics.





4. Discussion


4.1. Microplastic Level by Shrimp Size


In this study, microplastics by the size of shrimp from Litopenaeus vannanmei from Korea were identified, and microplastics were found in most shrimp. As for the amount of microplastic on average, small-size shrimp (1.73 MPs/10 g), medium-size shrimp (1.86 MPs/10 g), and large-size shrimp (3.8 MPs/10 g) confirmed high levels of microplastic contamination. It is concluded that the microplastic level varies according to the size of the shrimp. There was no significant difference in the amount of microplastics between small and medium-sized shrimp, and the large-sized shrimp had about twice the microplastic level than that of small and medium-sized shrimp. Li et al. (2021) confirmed that microplastics were contained in marine plankton, which could affect many marine organisms such as shrimp and whales that feed on plankton [17]. Moreover, Alfaro-Núñez et al. (2021) investigated seawater and 240 marine organisms from the 4000 km of the Tropical Easten Pacific Coast and found microplastics in all water and marine organisms [18]. This suggests that many oceans and marine organisms in the world are contaminated with microplastics [17,18,19]. The size of microplastics was in the order of  ≤ 50 μm, <50 to  ≤ 100 μm, <100 μm to  ≤ 150 μm, <150 μm to  ≤ 200 μm, >200 μm. It also resulted that  ≤ 50 μm and<50 to  ≤ 100 μm or less accounted for 77 to 92%. This confirmed that the smaller microplastics were more likely to accumulate in the shredded shrimp. This refers that the large microplastics are removed when the shrimp are shredded, but the small size microplastics attached to the shrimp fresh still remain. It has been found that when shrimp consume microplastics, their digestive system is damaged, and their growth and fertility are reduced [20].



As for the color of microplastics, blue showed the highest ratio from 44 to 63% and it was found that white 14 to 18%, black 6 to 10%, red 6 to 14%, green 2 to 13%, yellow 2 to 4% and gray 0 to 2%. It was confirmed that the microplastic color of the shrimp had a high percentage of blue. Ugwu et al. (2021) reviewed 132 microplastic-related papers, and as a result of the review, the color distribution in fish was blue (28.12%), black (23.44%), transparent (21.88%), white (18.75%), green (4.69%) and red (3.12%) [21]. Nan et al. (2020) reported that 90% of blue microplastics were high in shrimp in the Australian Sea [22]. In addition, many studies have identified black, blue, transparent, white, and yellow as microplastics mainly found in the sea [23,24].



The type of plastic was analyzed based on FTIR microscope and PE (45 to 55%), PP (21 to 31%), PET (4 to 11%), PS (4 to 8%), PVC (2%), and nylon (4 to 7%) were identified in the order. Additionally, Ugwu et al. (2021) estimated that the major polymers found in vertebrates were polyethylene 27.3%, polypropylene 14.3%, rayon 11.7%, and polyester 10.4% [21]. These polymers are widely used as materials for food packaging, clothing, fishing gear, etc. [25,26].




4.2. Microplastic Level by Presence or Absence of Shrimp Head and Intestines


In this study, the accumulation pathway of microplastics in shrimp was confirmed through the presence or absence of the head and intestines of shrimp from Litopenaeus vannanmei from Korea. The amount of microplastics in the shrimp with intestines and heads was 11.83 MPs/10 g, which resulted in a higher microplastic level compared to 3.16 MPs/10 g for shrimp without intestines and heads. Li et al. (2021) investigated the effect of microplastics on the growth of shrimp and confirmed that PE and PS remained in the intestines [20]. Curren et al. (2020) studied microplastics in three types of shrimp and confirmed that the microplastics in the intestines of shrimp varied from 13.4 MPs/g to 7050 MPs/g [27]. These experiments confirmed that the amount of microplastic in the intestines and heads of the shrimp was higher than that of the shredded shrimp.



The size of microplastics for shrimp with intestines and heads was  ≤ 50 μm (25%), <50 to  ≤ 100 μm (20%), <100 μm to  ≤ 150 μm (24%), <150 μm to  ≤ 200 μm (20%), >200 μm (11%), and it was found that microplastics were uniformly present for each size relatively. On the other hand, shrimp without the intestines and head were  ≤ 50 μm (37%), %), <50 to  ≤ 100 μm (40%), and <100 μm to  ≤ 150 μm (23%), and it was confirmed that relatively small size microplastics were present. This indicates that when eating shrimp, removing the head and intestines is a way to lower your microplastic exposure because there is a relatively large amount of microplastic in the intestines and heads of shrimp. Gurjar et al. (2021) reported that microplastics of 100 to 250 μm were the most abundant form of microplastics in the shrimp [10].



The colors of microplastics are similar to the previous pattern: blue (62 to 65%), white (12 to 17%), green (8 to 9%), black (8 to 7%), red (3%), yellow (1 to 3%) and gray (0 to 1%), it was confirmed that blue color was the most dominant color. Carreras-Colom et al. (2018) documented that five fiber colors (transparent, blue, black, red, and green) were observed in Aristeus antennatus and that no particular color was dominant [28]. Hossain et al. (2019) investigated brown shrimp inhabiting the Bay of Bengal in northern Bangladesh, and as a result, black (48%), white (33%), green (11%), blue (6%), and red (2%) of microplastics were observed [9].



Types of plastic were confirmed as PE (51 to 59%), PP (25 to 28%), PET (8 to 10%), nylon (4 to 8%), PS (2%), PVC (1~2%) and there was no significant difference from the first experiment. This indicates that food packaging and laundry, fishing equipment, and fishing gear can be the main sources of microplastic contamination [29,30].





5. Conclusions


The result of this study was to investigate the microplastic contamination level of Litopenaeus vannanmei from the Korea sea. In Litopenaeus vannanmei from the Korea sea, it was confirmed that many types, sizes, and colors of microplastics existed in the Korea sea. In the experiment of microplastic level by shrimp size, the amount of microplastics for each shrimp size was confirmed to be 1.73 to 3.8 MPs/10 g. The size of microplastics less than 100 μm was 77 to 92%. There was no significant difference in the level of microplastic between small shrimp and medium-sized shrimp, but it was confirmed that the level of microplastic level increased in large shrimp. In the experiment of microplastic level by presence or absence of shrimp head and intestines, microplastics were found at an average value of 3.16 MPs/10 g without the head and intestines and an average value of 11.83 MPs/10 g with the head and intestines. This indicates that about four times more microplastics were detected in shrimp with intestines and heads than without intestines and heads. It was confirmed that the level of microplastic in the intestines and head of the shrimp was higher than the flesh of the shrimp. In terms of microplastic size, shrimp with intestines and heads had larger microplastics than shrimp without intestines and heads. This refers that larger microplastics were deposited on the intestines and heads. In both experiments, the blue color was highest in microplastics, and as the types of plastics, PE and PP showed the highest ratio, and PET, PS, nylon, and PVC were found. This can be used as evidence that confirms the seas of Korea are contaminated with microplastics. In addition, since shrimp are mainly used for food, removing the intestines and heads before cooking and eating can weaken the microplastic contamination level of shrimp. Nevertheless, in order to more accurately confirm the microplastic level of shrimp, additional research is necessary to investigate various shrimp species with many samples of shrimp. In this study, as the microplastic contamination level of shrimp is clearly identified, it is considered that it is necessary to investigate a potential method to protect aquatic organisms from microplastic contamination.
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Figure 1. Shrimp picture used in the experiment: (a) With shrimp intestines and heads; (b) Without shrimp intestines and heads. 
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Figure 2. Process of shrimp test pretreatment: (a) Finely crush the shrimp using a blender; (b) Decompose the broken shrimp for organic matter; (c) Sieve after decomposition of organic matter; (d) Filtration and drying through a mesh filter. 
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Figure 3. Microplastic mesh filter image and microplastic identification process: (a) A 25 mm mesh filter used for the analysis of microplastics imaged by FTIR microscope; (b) Determination of microplastics using software. 
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Figure 4. Process of microplastic analysis process using FTIR microscope. 
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Figure 5. Color confirmation of microplastics using a digital microscope. 
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Figure 6. Amount of microplastics by size of shrimp. 
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Figure 7. Size of microplastics by size of shrimp. 
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Figure 8. Color of microplastics by size of shrimp. 






Figure 8. Color of microplastics by size of shrimp.



[image: Separations 09 00332 g008]







[image: Separations 09 00332 g009 550] 





Figure 9. Types of microplastics by size of shrimp. 
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Figure 10. Amount of microplastics with and without the intestines and the head of shrimp. 
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Figure 11. Size of microplastics with and without intestines and heads of shrimps. 
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Figure 12. Color of microplastics with and without shrimp intestines and heads. 
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Figure 13. Types of microplastics with and without intestines and heads of shrimp. 
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Table 1. FT-IR settings for microplastic analysis.
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	Index
	Contents





	Collection Mode
	Transmission



	Detector
	Imaging_MCT



	Collection Time
	3 s



	Spectra/Resolution
	Normal



	Background Scans
	3 s



	Background
	Collect background every 300 min
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