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Polyethylene terephthalate (PET), polystyrene (PS), and polyvinyl chloride (PVC) sheets were purchased from Junxin Plastic Co., Ltd. (Dongguan, China). To confirm polymer composition, randomly selected sheet debris was analyzed using Fourier Transform Infrared Spectroscopy (FTIR; Thermo NICOLET IN10), and the obtained spectra were compared against a standard polymer library. Only materials with match scores greater than 70% were selected for subsequent preparation of microplastic fragments.
The plastic sheets were cut into small pieces, ground using a mechanical grinder (Fangtai Electrical Appliance Co., Ltd., Dongguan), and sieved through stainless steel meshes of 500, 300, 200, and 100 μm. Three particle size fractions were collected: 300–500 μm, 200–300 μm, and 100–200 μm.
A Nile Red staining solution (1 mg/mL) was prepared by dissolving Nile Red (Shanghai Aladdin Biochemical Technology Co., Ltd.) in methanol (Sinopharm Chemical Reagent Co., Ltd.) and stored in the dark prior to use. For staining, 2 g of microplastic fragments were added to 40 mL of staining solution in each of nine centrifuge tubes and subjected to continuous oscillation for 24 h under dark conditions.
After staining, the microplastic fragments were filtered through a 20 μm nylon membrane and air-dried. The particles were then rinsed with ultrapure water under oscillation to remove excess dye, followed by a second filtration and air-drying step.
For particle quantification, a known mass of microplastic fragments was subsampled, evenly dispersed onto a microscope slide, and imaged using Image View software. Particle counts were obtained using ImageJ, and this procedure was repeated to calculate the average particle weight, which was subsequently used to determine exposure concentrations in mussel experiments.
Exposure Design and Sampling Procedure
The exposure experiment included three main groups based on polymer type: PET, PS, and PVC. Each group consisted of four subgroups: a control and three experimental subgroups exposed to fragment-shaped microplastics with size ranges of 100–200 μm, 200–300 μm, and 300–500 μm.
Each subgroup included four replicates (n = 4). Each replicate consisted of a glass aquarium containing 10 L of aerated artificial seawater (salinity 35‰) and 10 mussels, resulting in a total of 480 mussels used in the experiment. The exposure concentration was maintained at 3,000 particles/L.
The experimental cycle lasted 7 days, including a 5-day exposure phase followed by a 2-day recovery phase. During the exposure phase, mussels were maintained under a 12 h light/12 h dark photoperiod at 18 ± 3°C. Seawater was renewed daily, and the corresponding microplastic fragments were replenished to maintain a constant exposure concentration. Mussels were fed with a concentrated microalgae suspension, and their condition was monitored twice daily, with dead individuals removed immediately.
Sampling was conducted at 2 h and on days 1–5 during the exposure phase. At each time point, one mussel was randomly collected from each aquarium. Collected mussels were rinsed with ultrapure water, grouped according to treatment, and stored at −20°C.
At the end of the 5-day exposure phase, all seawater was replaced with fresh artificial seawater to initiate the 2-day recovery phase. No microplastics were added during recovery, while all other conditions remained unchanged. At the end of the recovery phase, one mussel per aquarium was collected, processed as described above, and stored at −20°C. In total, 336 mussels were collected and stored for subsequent analyses.
