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Abstract. Nanoplastics (NPs) are widely concerned because of their potential adverse effects on marine 
organisms. However, the detection and quantification of NPs are challenging due to their small size and weak 
signals. In this study, the ac-cumulation of Pd-doped polystyrene (PS) NPs in the digestive tract of Sebastes 
schlegelii was investigated by an inductively coupled plasma mass spectrometer (ICP-MS). Results showed 
that NPs could be accumulated in the digestive tract and faeces after 3-day exposure with concentrations of 
0.5, 5, and 10 mg/L. The highest accumulation of NPs was in the digestive tract, up to 0.23 ± 0.02 mg/g wet 
wt after 2 days. However, the highest accumulation of NPs was found in faeces (29.59 ± 0.54 mg/g wet wt) 
after 3-day exposure. Moreover, the digestive tract and faeces showed a concentration-dependent of NPs, 
which may lead to the transfer of NPs to higher trophic levels. The present study provides evidence for the 
bioaccumulation of NPs in organisms and the potential impact of NPs on ecological risk. 

1 Introduction 

Plastics are widely distributed in the environment. It is 
estimated that the annual discharge of plastic waste into 
rivers, lakes and oceans was 9-23 million tons in 2016, 
which will increase to about 53 million tons by 2030 [1]. 
Plastic debris in the marine environment degrades into 
nanoscale plastic debris and particles caused by 
weathering processes (e.g., ocean currents, wind, 
mechanical wear) [2]. Micro-plastics (MPs) and 
nanoplastics (NPs) could be ingested by fish and inhaled 
through their gills via respiration [3]. Due to their small size, 
NPs can pass through biological barriers, penetrate tissues, 
and accumulate in organs [4-5]. Flu-orescence 
spectrophotometers are primarily used in these studies for 
quantitative analysis of NPs accumulated in biological 
tissues, however, this detection method is inaccurate 
because fluorescence is easily leaky [6]. Therefore, more 
precise quantitative methods are required. Metal-doping 
NPs are confirmed as an available method to quantify NPs. 
It enables the simple and accurate quantification of NPs in 
living organisms [7].  

The Sebastes schlegelii was chosen as typical marine 
fish to investigate the ac-cumulation of Pd-doped 
polystyrene (PS) NPs in the digestive tract through a 
short-term exposure experiment. The findings will 
provide helpful information for understanding the 
accumulation of NPs in marine organisms. 

 
 

2 Materials and Method 

2.1 Synthesis and characterization of Pd-doped 
nanoplastics 

The Pd-doped PS NPs were synthesized by the modified 
method of Mitrano et al. [8]. Typically, the metal Pd 
particle core was synthesized using acrylonitrile (AN), 
surfactants (SDS and KPE), an initiator (KPS), and metal 
precursor (K2PdCl4). The second step is adding more 
dissolved KPS, and then connecting a feed of the 
monomer mixture to the reaction vessel to produce Pd-
doped PS NPs with a core-shell structure. Following 
synthesis, anhydrous ethanol was added to the synthesized 
PS NPs before centrifuging them at 8000 rpm for 10 
minutes and removing the supernatant. After three 
repetitions, ultrasound with ultrapure water for 30 minutes, 
and dialysis for two to three days were used to remove 
impurities from the NPs. Then the PS NPs suspension was 
mixed with a 3:1 mixture of nitric acid and hydrochloric 
acid for microwave digestion. After that, the concentration 
of Pd in NPs was determined using an inductively coupled 
plasma mass spectrometer (ICP-MS, NexION 350X, 
Perkin Elmer, American).  

The morphology of PS NPs was observed using the 
scanning electron microscopy (SEM, S-4800, Hitachi, 
Japan) operating at 3.0 kV. Fourier transformation 
infrared spectroscopy (FTIR, Spectrum Two, Perkin 
Elmer, American) was examined for ascertaining the 
chemical groups of PS NPs. The particle hydrodynamic 
diameter and zeta potential of NPs in ultrapure water and 
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filtered seawater (0.45 μm, cellulose acetate membrane) 
were determined using a Zetasizer (Nano ZS90, Malvern 
Instruments, UK). 

2.2 Subject organism and experimental design 

The S. schlegelii (purchased from Qingdao Qingyuan 
Marine Biotechnology Co., LTD.) were randomly placed 
in 3 tanks (16 individuals in each tank) containing 20 L of 
seawater and continuously aerated for 14 days at a 
temperature of 20 ± 0.5℃. The fish were fed commercial 
feeds at 1% of their body weight for two days before the 
exposure experiment. 

The experiments were carried out in 5 L tanks 
containing 2 L of clean seawater as a control and NPs 
suspension (0.5, 5, 10 mg/L) as a treatment. The whole 
experiment lasted for 3 days. Every day, three fish from 
every tank were removed, washed with ultrapure water, 
and anesthetized with ice. Then, the fish were dissected to 
harvest the digestive tract. Moreover, the faeces from the 
bottom of the tank were collected and rinsed with 
ultrapure water three times. The digestive tract of S. 
schlegelii and its faeces were weighed and stored at a -
20°C refrigerator for later analysis. 

2.3 Quantification of NPs by ICP-MS 

Nitric acid and hydrochloric acid with a 3:1 mixture was 
added to the digestive tract or faeces sample for digestion. 
The acid was removed by evaporation to about 1 mL from 
the samples after they were digested using a microwave-
assisted digestion system (MARS 6, GEM, USA). The 

concentrated solution was then diluted to 10mL with 
ultrapure water. The Pd content in the digestion tract and 
faeces sample solution was then measured using ICP-MS 
to quantify NPs. 

2.4 Statistical analysis 

All data was were analysed using SPSS 26.0. Analysis of 
Variance (ANOVA) and a least significant difference 
(LSD) test (p < 0.05 for the statistical significance) were 
used to test for significant differences in digestion tract 
and faeces between treatment groups. 

3 Results and Discussions 

3.1 Characterization 

The SEM images showed that the particle size of PS NPs 
was 102.1 ± 4.7 nm with a typical spherical shape (Fig. 
1A). Then the polymer types are proved to PS NPs 
according to the typical functional groups in FTIR (Fig. 
1B). Specifically, the peaks appear at 786 cm-1 and 677 
cm-1 for monosubstituted benzene ring=CH deformation 
vibration, stretching vibration, 1074 cm-1 for aromatic C-
H deformation vibration, 1250 cm-1 for C-O stretching, 
1358 cm-1 for C-OH stretching, 1454 cm-1 for aromatic C-
H tensile vibration, 1656 cm-1 for C=O stretching 
vibrations, 2243 cm-1 for C≡N tension and 2940 cm-1 for 
asymmetric tension of C-H of CH2, respectively [9]. We 
speculated that PS NPs were made of polystyrene from the 
peak signals of FTIR. 

 

 
Figure 1. Characterization of PS NPs. (A) SEM images of PS NPs; (B) FTIR spectra of PS NPs 

 
The hydrodynamic diameters of PS NPs in ultrapure 

water and seawater were 175.2 ± 5.5 nm and 230.4 ± 3.8 
nm, respectively. It was observed that PS NPs could easily 
aggregate in seawater (Fig. 2B). For the zeta potential of 

NPs (Fig. 2A), it was observed that the potential of PS NPs 
in ultrapure water (-26.3 ± 1.8) was more negative than 
that in seawater (-10.7 ± 0.7 mV), which may be due to 
the stronger ionic strength. 
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Figure 2. Hydrodynamic diameters (A) and Zeta potentials (B) of PS NPs in ultrapure water and seawater. 

 

3.2 Accumulation and excretion of NPs by S. 
schlegelii 

After three days of exposure to PS NPs (0.5, 5 and 10 
mg/L), it was observed that the NPs in the digestive tract 
(Fig. 3) of S. schlegelii were highest after 2 days, with the 
concentrations were 0.06 ± 0.02, 0.10 ± 0.03, 0.23 ± 0.02 
mg/g wet wt, respectively.  

 
Figure 3. The content of PS NPs in digestive tract. 

 
The accumulation in faeces of S. schlegelii was 

different from the digestive tract. The accumulation of 
NPs in faeces (Fig. 4) was highest after 3 days of exposure, 
with the concentration were 0.74 ± 0.01, 12.72 ± 0.33, 
29.59 ± 0.54 mg/g wet wt. It should be noted that the 
accumulation of NPs in the digestive tract was about 4 
times higher in the high-concentration group (10 mg/L) 
than in the low-concentration group (0.5 mg/L). These 
findings suggest that NPs can accumulate in the digestive 
tract and cause health risks. 

 
Figure 4. The content of PS NPs in faeces. 

 
The digestive tract is an essential organ for fish to 

absorb substances, and pollutants or nutrients may be 
absorbed and transferred to other organs or muscles via 
small intestinal epithelial cells. It is necessary to study the 
accumulation of the digestive tract [10]. There have been 
few quantitative assessments of NPs uptake by fish, and 
one study found that absorption of 44 nm PS NPs was not 
detected in goldfish (Carassius auratus) exposed to NPs 
for 30 days using dimensional exclusion chromatography 
in the gastrointestinal tract in combination with high-
resolution mass spectrometry [11]. This result contrasts 
with our findings, revealing a high accumulation of NPs 
in the digestive tract, with the majority of it excreted in 
faeces. Other tissues and organs play an essential role in 
the accumulation of NPs, which will investigate in the 
future work. 

4 Conclusion 

This study focused on the accumulation of NPs in the 
digestive tract and faeces of S. schlegelii The main results 
are as follows: 

(1) The synthetic PS NPs are about 100 nm with a 
negative charge in seawater. 

(2) Accumulation of NPs in the gastrointestinal tract 
and faeces showed a concentration-dependent, and most 
were excreted in faeces, up to 29.6 mg/g wet wt (10 mg/L). 
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