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Abstract 

Background: Plastic particles less than 5 mm in size are formed by the fragmentation of plastic 

materials. The ingestion of microplastic particles by marine organisms is known to cause 

bioaccumulation, toxicity, and adverse effects on the immune system. We experimentally 

demonstrated the transfer and accumulation of microplastic particles in the digestive system of 

the freshwater shrimp Caridina multidentate.  

Methods: The shrimps were exposed to the spherical fluorescent polystyrene (PS) 

microparticles of various diameters (1.1, 0.49, 0.20, 0.15 and 0.046 µm). The shrimps were first 

kept in water without PS particles and fed for 48 h for facilitating the excretion process. Shrimp 

tissues were fixed in 10% formalin neutral buffer solution, stained with haematoxylin-eosin and 

observed under a sliding microtome, polarising microscope and inverted fluorescence 

microscope.  

Results: Although the shrimps were not fed for 120 h and exposed to a high concentration of 

PS particles for 72 h, almost all the shrimps were alive. PS aggregates 0.49 and 0.20 µm in 

diameter were found in the digestive tract and intestinal tract wall of the shrimps exposed to the 

PS particles.  
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Conclusions: We hypothesized that sub-micron microparticles that are accumulated in the 

intestinal tract wall might activate non-specific immune mechanisms such as phagocytosis by 

macrophages and produce inflammatory substances. The microparticles in the digestive system 

might adsorb these inflammatory substances, eventually leading to microparticle aggregation. 

Keywords: Microplastic, Freshwater shrimp, Caridina multidentate, Polystyrene microparticle 
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Background 

Plastic pollution is a global environmental concern [1-3]. Plastic particles blended with daily 

supplies and cosmetics, and fibres released from laundered clothes diffuse in the environment. 

Fragmented plastic particles that are formed by the ultraviolet radiation emitted by the Sun 

contribute to environmental pollution [4-8]. Spherical, fragmented and fibriform plastic 

particles have been found in soils, freshwater bodies and oceans [9-12]. Small plastic particles 

(less than 5 mm in size) are called “microplastics,” whereas those in the micrometre range are 

called “nanoplastics” [16-22]. 

Micro- and nanoplastics present in the marine ecosystem are ingested by marine organisms 

such as whales, fishes, shrimps, jellyfishes and birds [23-28], and their bioaccumulation results 

in biotoxicity. Plasticising agents eluted from microplastics [29-31] and the harmful substances 

adsorbed onto microplastics affect material exchange and metabolism, and render the 

reproductive organs of these organisms dysfunctional [32-37]. 

Microplastics diffused in the environment remain there for a longer period, and their 

fragments formed by ultraviolet radiation and ocean waves are further diffused and accumulated 

in the environment [38,39]. Microplastics ingested by organisms also affect their immune 
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system [40]. Macrophages identify these particles as foreign substances and activate 

non-specific immune mechanisms. The morphology of the particles (size and shape) is a key 

parameter in the activation of non-specific immune mechanisms. Furthermore biodegradable 

plastic fragments can also adversely affect the immune responses of marine organisms [41-45]. 

In this study, we experimentally demonstrated the transfer and accumulation of microplastics 

in the freshwater shrimp Caridina multidentate and identified the mechanism by which 

microplastics affects the immune system of this shrimp species. 

 

Methods 

Preparation of microplastics 

Spherical fluorescent PS microparticles (Polymer Microspheres, Blue Fluoresent, 

Fluoro-Max™, Thermo Scientific) of different diameters such as 1.1, 0.49, 0.20, 0.15 and 0.046 

µm were prepared. Microparticles were treated to unify the surface characteristics of the 

particles, and the protocol for the surface treatment has been summarised in Figure 1. Unknown 

dispersant components adsorbed on the surface of microparticles were removed by the 

removing process, which was repeated three times. Ultrapure water was added to the particles 
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and the mixture was ultracentrifuged (OptimaTM MAX-UP Ultracentrifuge, Beckman Coulter) 

at 150 × 103g for 3 h. The supernatant was discarded and water solution of 0.1% 

polyoxyethylene sorbitan monooleate (Tween 80, TCI Chemicals) was added for the adsorption 

of surfactant to the particles, followed by dispersing ultrasonic waves through the mixture for 2 

min (UCD-250, Bioruptor). The mixture was ultracentrifuged, the supernatant was discarded 

and ultrapure water was added with dispersing ultrasonic waves. The mixture was 

ultracentrifuged again, the supernatant was discarded and ethyl alcohol was added with 

dispersing ultrasonic waves. After ethyl alcohol was evaporated, PS particles were ready for 

analysis. 

The surface of the particles was observed by using a scanning electron microscope (SEM, 

JSM-6390LV, JEOL) and fluorescence microscope (TS2-FL, Nicon) before and after surface 

treatment. Particle size distribution was measured to determine the effect of surface treatment 

on PS particles. 

Exposure of freshwater shrimps to PS particles 

Experimental protocol has been summarised in Figure 2. All the procedures were performed 

in a clean room environment (MCV-710ATS, SANYO). Caridina multidentata, a freshwater 
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shrimp that is 20–30 mm long and weighs 0.7–0.8 g, was used in the study. Each shrimp was 

isolated in a plastic container in 100 mL of water. Water with and without PS particles was 

prepared 24 h before feeding for stabilising the water quality (dissolved oxygen, etc.). The 

number of PS particles in 100 mL of water was adjusted to 1.0 × 108 particles for each particle 

size (1.1, 0.49, 0.20, 0.15 and 0.046 µm). All the shrimps were first kept in water without PS 

particles and feeding for 48 h for facilitating excretion. Eight shrimps were then moved into 

containers with water and PS particles of a single size, and maintained for 72 h without feeding 

to determine the effect of PS particle exposure. 

Shrimp tissues were fixed in 10% formalin neutral buffer solution (WAKO) and stained 

with haematoxylin-eosin. The stained tissue sections were processed into paraffin-embedded 

samples by using a vacuum infiltration processor (Tissue-TekTM VIP Jr., SAKURA) and 

embedding console system (Tissue-TekTM TEC 6, SAKURA). The tissue sections were 

observed under a sliding microtome (SM2000R, LEICA), polarising microscope (BX51, 

OLYMPUS) and an invert fluorescence microscope (TS2-FL, Nicon). An image-editing 

software (ImageJ-MosaicJ) for processing the images. 
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Results and Discussion 

Figure 3 shows SEM and fluorescence microscope images and particle size distribution of 

PS particles before and after surface treatment. The spherical shape and size of PS particles 

were not affected by ultracentrifugation. The fluorescence properties of PS particles were not 

affected by the adsorption of surfactant on their surfaces. These results showed that the 

processed PS particles can be detected and their properties can be studied after their transfer and 

accumulation in the tissue sections. 

Table 1 summarises the survival fraction of shrimps after treatment with PS particles. 

Although the shrimps were not fed for 120 h and exposed to a high concentration of PS particles 

for 72 h, almost all the shrimps were alive. However, some shrimps exposed to 0.49–0.15 µm 

particles died.  
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Table 1 Exposure of freshwater shrimps to microplastics 

 

 

 

The representative histological images captured after exposure to PS particles are shown in 

Figure 4. PS aggregates were found in the digestive system of shrimps exposed to 0.49 and 0.20 

µm PS particles (Figure 5). Furthermore, PS particles were also detected in the intestinal tract 

wall. However, the transfer and accumulation of PS particles outside the digestive system were 

not confirmed (Figure 6). We believe that sub-micron microparticles that accumulate in the 

intestinal tract wall might activate non-specific immune mechanisms such as phagocytosis by 

macrophages and produce inflammatory substances. The microparticles in the digestive system 

might adsorb the inflammatory substances and eventually form aggregates. 
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Microparticles accumulated in the intestinal tract wall might be transferred to a vascular 

system, tissues and material exchange organs such as branchia. A possible reason that these 

phenomena were not observed is because of the limitation of the fluorescence technique or the 

duration of PS microparticle exposure. 

 

 4. Conclusions 

The transfer and accumulation of microplastic particles to the digestive system of freshwater 

shrimps were experimentally demonstrated. Microparticles transferred and accumulated in the 

intestinal tract wall might activate non-specific immune mechanisms such as phagocytosis by 

macrophages and produce inflammatory substances. The microparticles in the digestive system 

might adsorb these substances, resulting in the production of microparticle aggregates. 
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Figure legends 

Figure 1 Surface treatments of spherical fluorescent microparticles made of a polystyrene (PS) 

Figure 2 Freshwater shrimps exposed to microplastics 

Figure 3 Scanning electron microscopic images, fluorescence microscope images and particle 

size distribution before and after the surface treatment of PS particles 

Figure 4 Histological images after exposure to PS particles 

Figure 5 Detailed observations of the shrimps exposed to 0.20 µm particles (digestive system) 

Figure 6 Detailed observations of the shrimps exposed to 0.20 µm particles (outside the 

digestive system) 
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