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Microplastics and heavy metals are the two main contaminants that are often found in aquatic environments and can lead to major issues for aquatic organisms. Polystyrene (PS) is a type of microplastic that is commonly found in aquatic environments. Hard clams are one of the organisms that are often used as a bioindicator of water pollution, and they can live in a certain salinity range. The objective of this study is to investigate the potential of PS particles as heavy metal vectors in M. lusoria influenced by differences in salinity. The result showed that the highest increase in concentrations of all heavy metals in hard clams was found in those placed at higher salinities. Hard clams that were placed at higher salinity required more water, allowing more PS particles to enter the clams’ bodies. Hard clams placed at salinity 30‰ always gathered significantly more PS particles (p<0.05) than hard clams placed at the other two salinities (20 and 25‰). This is also corroborated by water depletion at a salinity of 30‰, which is significantly higher (p<0.05) than the other two salinities. Our findings indicate that PS particles have the potential as vectors for heavy metal pollutants in hard clams in environments of varying salinity.
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1 Introduction

Microplastics of the polystyrene (PS) kind are frequently observed in aquatic environments (Andrady, 2017; Gambardella et al., 2017). Vinyl benzene, a styrene plastic monomer derived from petroleum and used to make PS, is renowned for its low weight and insulating properties. In the last two decades, the number of PS applications has continued to increase. According to Lithner et al. (2011), 32.7 million tonnes of PS plastic were manufactured worldwide in 2011. This is one of the factors contributing to the highest level of plastic pollution in the ocean (above 60%) (Hahladakis, 2020; Galloway and Lewis, 2016). PS particles that accumulate can cause serious threats to aquatic organisms because they contain carcinogenic substances, namely styrene monomer (Wright et al., 2013).

One of the causes of the ocean’s pollution, which makes up 8% of all pollutants, is heavy metals (Hahladakis, 2020). Heavy metals are difficult to eliminate, so it is easy to accumulate in the environment and their existence is naturally difficult to degrade. Heavy metals are absorbed by microplastics in both seawater (Brennecke et al., 2016; Gao et al., 2019) and freshwater (Holmes et al., 2014). Heavy metals and MPs can interact in two different ways: first, heavy metals dissolved in water can be absorbed by MPs, and second, heavy metals that have been absorbed on the surface of MPs can be released back into the water and pollute it. Our earlier research demonstrated that the two phases of interaction might be influenced by the salinity level of the water (Barus et al., 2021). These interactions can cause harmful effects to aquatic organisms. MPs particles that have absorbed heavy metals will be eaten by organisms and cause heavy metal contamination as well. The concentration of heavy metals in the bodies of organisms contained in MPs was higher than in organisms that were not found in microplastics (Vedolin et al., 2018; Mohsen et al., 2019). Besides, heavy metals that have been absorbed by MP particles can be released back into the water and cause the water to become polluted by heavy metals (Barus et al., 2021), which has an impact on the organisms that live in these waters.

Hard clams (M. lusoria) are the favored species of edible clam and one of the most economically important fisheries in Asia (Huber, 2010; Ju et al., 2020). M. lusoria is a sizeable component of the infaunal bivalve mollusk community that lives on the seafloor of fine sand, silt, or sandy silt and forms extensive and dense layers (Chen et al., 2007; Satheeswaran et al., 2019; Ju et al., 2020). These organisms are used as bioindicators of water quality because their lives settle in sediments (Satheeswaran et al., 2019). Hard clams are filter feeders that employ chiffon to draw in water, filter organic materials, and sift water and debris from one chiffon (Chien and Hsu, 2006). Hard clams are osmoconformers, meaning that the osmolality of their bodily fluids varies in the same direction as changes in the salinity of their surroundings. To deal with either hypo- or hyperosmotic stress, marine mollusks display a variety of osmoregulatory mechanisms (Lin et al., 2016). Heavy metals in hard clams can be transferred to humans through the consumption of these clams, causing harmful effects to human health and causing public health problems.

Studies have documented the buildup of heavy metals and microplastics in hard clams as well as the negative consequences. However, very few studies have examined the role of microplastics as carriers of heavy metals into the hard clam bodies, and as far as we are aware, no research has been done in various salinity levels. The purpose of this study was to investigate the effect of salinity on heavy metal contamination in hard clam using polystyrene particles as a carrier.



2 Materials and methods


2.1 Materials

The virgin PS particles with diameters of 50 and 250 µm used in this study were purchased from Tersulan Chemical Co., Ltd. (Guangdong, China). Lead (Pb), zinc (Zn), copper (Cu), and cadmium (Cd), four heavy metals used in this investigation, were bought from Merck (Darmstadt, Germany). The heavy metal stock solution was prepared at 1000 mg L-1 using 1 liter of distilled water. The stock solution was diluted to 1, 2, 5, and 10 mg L-1. These heavy metal solutions with different concentrations were used for heavy metal adsorption on PS particles before exposure to biota.



2.2 Experimental animals

Adult hard clams (M. lusoria) with an average weight of 19.62 ± 0.04 g was bought from a local market (Keelung Fish Market, Taiwan). Hard clams were maintained at 1000 L of seawater with a salinity of 30‰ for 5 days. The seawater is pumped and filtered from the coast offshore by the National Taiwan Ocean University. After this time, some of the hard clams were maintained and adapted to salinities of 25 and 20‰. Salinities between 20 and 30‰ are thought to be hard clams’ ideal physiological range (Malouf and Bricelj, 1989). The reduction in salinity was carried out by 1‰ per day to ensure that the clam could adapt. This group division aims to perform tests in environments with different salinities. Organisms were kept and acclimated at a constant temperature (22 ± 0.5°C) and with continuous aeration. During maintenance, M. lusoria was fed with green algae. After acclimatization and prior to PS particle exposure, the meat of the five hard clams was sampled to verify background contamination by heavy metals.



2.3 Experimental design

Before conducting the experiment, analysis of the heavy metal content of virnin particles was also carried out. The results show that all particles are metal free (undetectable). One gram of PS particles was introduced to a beaker glass along with 100 mL of a heavy metal solution, which was then agitated for 24 hours at 180 rpm using a magnetic stirrer. The concentrations of PS particles of size 50 and 150 µm with a weight of 1 g were 3 x 105 and 4 x 104 particles L-1, respectively. Because the equilibrium point for the absorption of heavy metals into PS particles had been reached within that time frame, the duration of exposure to PS particles and heavy metals was chosen (Barus et al., 2021). Tests were carried out using different concentrations of heavy metals (1, 2, 5, and 10 mg L-1). After 24 hours, filter the particles using filter paper of 0.45 µm. The clams M. lusoria that have been maintained and adapted to different salinities are put into a glass bath containing 1 L of seawater with a different salinity (20, 25, and 30‰) and then added PS particles that have been filtered from a heavy metal solution. Each glass tube contains 10 hard clams and is supported by continuous aeration to keep the clams alive and also to ensure that the particles in the tubes keep stirring. M. lusoria were collected after a contact duration of 6, 12, 18, and 24 hours, respectively. Each test was repeated 3 times.

The amount of heavy metal absorbed in PS particles of various sizes (50 and 250 µm) following interaction with heavy metals at various concentrations for 24 hours was also tested. Three times were run through the test. After 24 hours, the particles were filtered using 0.45 µm filter paper. Each sample’s particles underwent sonication extraction (120 W, 10 min.) in nitric acid at a 2% concentration. A flame atomic adsorption spectrophotometer was used to measure the concentrations of heavy metals in the extraction solution (SpeactAA 240-FS, VARIAN, Palo Alto, CA, USA).

Five hard clams M. lusoria that have been in prolonged contact with the solution are taken, then the meat is taken and frozen at -20°C. The samples were freeze-dried (FD-20A2D, H.C.S., Taipei, Taiwan) at-60 °C. After 3 days, concentrated nitric acid (70%) was added to the samples, and they were digested in a microwave-accelerated reactor (MARS Xpress, CEM, Matthews, NC, USA). A flame atomic absorption spectrophotometer was used to measure the levels of heavy metals in clam bodies.

We examined the residual concentrations in PS particles and in seawater at each observation interval to determine the contribution of heavy metals adsorbed in PS particles on the rise in heavy metals in hard clams. After 24 hours, the particles were filtered using filter paper with a 0.45 µm particle size. Each sample’s particles underwent sonication extraction (120 W, 10 min.) in nitric acid at a 2% concentration. A flame atomic adsorption spectrophotometer (SpeactAA 240-FS, VARIAN, Palo Alto, CA, USA) was used to measure the concentrations of heavy metals in the extraction solution. We also measured whether there was a change in water volume before and after exposure (water depletion) to determine the effect of salinity through the osmoregulation process.



2.4 The number of PS particles in M. lusoria

After the contact period, three hard clams were removed, and the flesh and clams were divided. 30% H2O2 was used to digest the flesh in accordance with the methods outlined by Galgani et al. (2013) and Li et al. (2015). Samples were treated with 250 mL of 30% H2O2 for 48 hours at 65 0C in an oscillation incubator running at 80 rpm. In order to keep the PS particles floating while the tissues settled to the bottom of each digestion bottle, 800 mL of filtered sodium chloride solution was added once the digestion process was complete. This concentrated saline solution (NaCl: 120 g L-1) was created. The solution was then filtered with a Millipore vacuum pump onto Whatman® GF/C filters (0.45 µm pore size) to recover floating PS particles. In glass Petri plates with covers, each filter was put before being counted after it had dried at room temperature. The 40x stereo microscope was used to analyze the filtered microplastic particles. The primary characteristics used to count and distinguish PS particles from other particles were size, color, form, and surface roughness.



2.5 Data analysis

One- and two-way ANOVA were used to analyze all of the data in this study. Using Duncan’s multiple range test, the significant differences between the treatments were determined. We tested for significant differences between the increasing heavy metal in the clam body (%) with respect to different water salinities. At the 0.05 level, statistical significance was recognized for all tests. The linear relationships among increasing heavy metal in the clam body with heavy metal concentration, salinity, and the number of accumulated PS particles were tested using a general linear model.




3 Results and discussion


3.1 PS particle adsorption capacity

The amount of heavy metal adsorbed on the PS particles was measured after a 24-hour period of contact. The results revealed that the adsorption amount varied depending on particle size. PS particles with a larger size absorb more heavy metals. Figure 1 shows that in all the initial heavy metal concentrations, PS particles of size 250 µm absorb more heavy metals than PS particles of size 50 µm. These results are in line with previous studies (Holmes et al., 2014; Fred-Ahmadu et al., 2019; Barus et al., 2021). Larger-diameter particles have a larger surface area, which serves as an adsorption site for heavy metals.




Figure 1 | Heavy metals (Pb, Zn, Cu, and Cd) absorption capacity (µg g-1) of PS of different sizes 50 µm (A) and 250 µm (B) after 24 hours of exposure to different heavy metal concentrations (1, 2, 5, and 10 mg L-1).



According to Figure 1, Pb has the highest rate of heavy metal absorption among PS particles, with Cu, Zn, and Cd having the lowest rates. These results were found for both PS particle sizes. Previous studies reported similar results (Turner and Holmes, 2015; Gao et al., 2019). Gao et al. (2019) reported that the heavy metal Pb was absorbed the highest in microplastic particles compared to other heavy metals, both in fresh water and sea water. This indicates that Pb has a higher potential to be a pollutant combined with MPs because Pb has a greater affinity for particle size and type compared to Zn, Cu, and Cd. Factors such as ionic radii, hydrolysis value, and softness cause differences in absorption rates for each type of heavy metal (Covelo et al., 2011; Hu et al., 2017). The absorption rate of heavy metals is inversely proportional to the ionic radius of the heavy metal. The smaller the ionic radius of a heavy metal, the greater the potential for adsorption (Covelo et al., 2011; Saha et al., 2002). The radii of the hydrated ions of Pb2+, Cu2+, and Cd2+ were 0.401, 0.419, and 0.426 nm, respectively. The relationship between the hydrated ionic radius and electrostatic interactions influences the degree to which metals adsorb on MPs. In comparison to other heavy metals, the Pb2+ ion has the lowest hydrated ionic radius and hence, the strongest electrostatic contact with MP.

The concentrations of heavy metals Pb, Cu, Zn, and Cd that were absorbed by PS particles of size 50 µm after 24 hours of contact duration with a heavy metal 1 mg L-1 were 0.257 ± 0.012, 0.236 ± 0.004, 0.165 ± 0.006, and 0.135 ± 0.006 µg g-1, respectively. Meanwhile, the adsorption concentrations of 250 µm PS particles were 0.767 ± 0.021, 0.648 ± 0.008, 0.468 ± 0.007, and 0.375 ± 0.009 µg g-1, respectively (Figure 1). The absorption of heavy metals in PS particles increases with the increase in the concentration of heavy metals in the solution. The highest adsorption capacity of PS particles was found in contact with heavy metals with a concentration of 10 mg L-1, followed by 5, 2, and 1 mg L-1. These results were found for both PS particle sizes (Figure 1). According to Hodson et al. (2017), the adsorption capacities reached 236-7171 mg g-1 at relatively high starting concentrations of Zn (0.1-100 mg L-1), which was significantly more than what was seen at low beginning concentrations (Holmes et al., 2012; Turner and Holmes, 2015).



3.2 Heavy metal concentration in M. lusoria before exposure

Prior to contact with PS particles that had absorbed heavy metals, the value of heavy metals in hard clam meat was evaluated. The results show that the hard clam contains heavy metals with relatively low values. The heavy metal concentrations of Pb, Zn, Cu, and Cd in the hard clam body were 0.033 0.005, 8.572 0.892, 0.117 0.011, and 0.049 0.008 g g-1, respectively. This indicates that the hard clam (M. lusoria) has been contaminated by heavy metals from the ocean. Previous studies have shown that Cd, Cr, Cu, Ni, Zn, and Pb metals can accumulate in hard clams (Satheeswaran et al., 2019). Hard clams are filter feeders that live on the bottom of the water, which use chiffon to attract water filtering organic matter (Chien and Hsu, 2006) and accumulate pollutants in their bodies (Satheeswaran et al., 2019).



3.3 Heavy metal concentration in M. lusoria after exposure

The concentration of heavy metals in the hard clam body has increased following contact with PS particles that have absorbed heavy metals. Larger particles (250 µm) increased the quantity of heavy metals in hard clam bodies in contact with PS more than small particles (50 µm) did (Figures 2 and 3). This was because the particles with a larger size have a higher capacity to absorb heavy metals based on Figure 1, so when these particles were eaten by clams, the heavy metals that were carried into the clams became higher. Additionally, heavy metals in the water become higher when they are released into the water (Figure 4). Extreme increases started to appear after the first six hours of observation. Additionally, the rise in heavy metals starts at a modest level and didn’t change much until the observation’s end (24 hours). This was most likely caused by the hard clams eating PS particles at the beginning up to 6 hours later, which still absorbed high levels of heavy metals before dispersing into the water. The concentration of heavy metals remaining in PS particles decreased dramatically at 6 hours of exposure and continued until the end of the observation, while the concentration in seawater increased even though in very low concentrations. This was found in tests using both PS particle sizes (Figures 4 and 5). This shows that the role of PS particles as heavy metal vectors in hard clams can occur through two pathways. First, PS particles can absorb heavy metals (Brennecke et al., 2016; Gao et al., 2019; Galloway et al., 2017) and enter the clams, causing the clams to be contaminated with heavy metals. Second, the heavy metals that have been adsorbed on the PS particles can be released back into the solution and cause the solution where the clam lives to be polluted by heavy metals (Costa, 2017; Barus et al., 2021).




Figure 2 | Increased heavy metal concentrations (%) Pb (A), Zn (B), Cu (C), and Cd (D) in the hard clam (M. lusoria) body after 24 hours of exposure to PS particles with a size of 50 µm that had contact with heavy metals at various concentrations (1, 2, 5, and 10 mg L-1) and salinities (20, 25, and 30‰). The data for increased heavy metal concentrations in clam body with different letters (a, b, and c) differed significantly (p<0.05) between salinities.






Figure 3 | Increased heavy metal concentrations (%) Pb (A), Zn (B), Cu (C), and Cd (D) in the hard clam (M. lusoria) body after 24 hours of exposure to PS particles with a size of 250 m that had contact with heavy metals at different concentrations (1, 2, 5, and 10 mg L-1) and salinities (20, 25, and 30‰). See Figure 2 for statistical information.






Figure 4 | The time-course changes of heavy metal concentrations remaining in PS particles and water at the test used PS particles with a size of 50 µm that had contact with heavy metals at concentrations of 10 mg L-1 and different salinities (20, 25, and 30‰).






Figure 5 | The time-course changes of heavy metal concentrations remaining in PS particles and water at the test used PS particles with a size of 250 µm that had contact with heavy metals at concentrations of 10 mg L-1 and different salinities (20, 25, and 30‰).



Additionally, it was discovered that when hard clams came into touch with PS particles that had been exposed to higher concentration of heavy metals, their bodies’ heavy metal concentrations increased. The value of the metal’s adsorption into the PS particles increases with the concentration of heavy metal in contact with the particles. Oz et al. (2019) discovered that the value of heavy metal adsorption in microplastic particles was higher at an initial heavy metal concentration of 4 mg L-1 in comparison to concentrations of 1 and 2 mg L-1. The highest increase in heavy metals in clam bodies in this study was found in tests using PS particles in contact with heavy metals with a concentration of 10 mg L-1, followed by 5, 2, and 1 mg L-1. These results were found both in tests with particles of size 50 and 250 µm, and in all types of heavy metals (Figures 2 and 3).

The concentration of heavy metals that build up in hard clam bodies is affected by the rise in water salinity. The higher the water salinity value, the greater the increased value of heavy metals in clam bodies. In addition, the number of particles accumulating in the hard clam bodies also has an important role in this case. The more PS particles that accumulate in the clams, the higher the increase in heavy metals.

The value of the increase in heavy metal accumulation in the hard clam (M. lusoria) in this study was determined by statistical analysis, which revealed that salinity, the concentration of heavy metals used in PS particle adsorption, and the quantity of accumulated PS particles all had a significant impact. According to this study, there is the following relationship between the increased rate (%) of each heavy metal and its concentration (C), salinity (S), and number of collected particles (P):

	PS size 50 µm:

	Increased Pb rate (%)= 69.693 + 13.094 C + 5.919 S + 0.357 P + 0.693 SP (R2 = 0.764)

	Increased Zn rate (%)= 7.765 + 2.408 C + 1.472 S + 0.135 P + 0.848 SP (R2 = 0.854)

	Increased Cu rate (%)= 20.774 + 6.266 C + 3.991 S + 0.433 P + 0.794 SP (R2 = 0.960)

	Increased Cd rate (%)= 56.324 + 13.724 C + 5.399 S + 1.710 P + 0.887 SP (R2 = 0.851)

	PS size 250 µm:

	Increased Pb rate (%)= 37.159 + 22.681 C + 18.901 S + 0.702 P + 0.968 SP (R2 = 0.889)

	Increased Zn rate (%)= 41.503 + 4.495 C + 3.606 S + 1.252 P + 0.855 SP (R2 = 0.746)

	Increased Cu rate (%)= 52.995 + 9.203 C + 2.786 S + 0.698 P + 0.834 SP (R2 = 0.798)

	Increased Cd rate (%)= 48.482 + 20.528 C + 13.472 S + 0.480 P + 0.819 SP (R2 = 0.964)



Figures 2, 3 demonstrate that, in tests employing particle sizes of 50 and 250 µm, the rise in heavy metal concentrations in the hard clam body varied according to the salt level of the water in which the clams were placed. All of the heavy metals utilized in this investigation produced results that were comparable. The concentration of heavy metals in the bodies of the hard clams increased as a result of being kept at a greater salinity.

In the test utilizing particle size of 250 µm, it was discovered that the difference in the increase in the concentration of heavy metals in hard clam bodies at changes in salinity was more evident. For example, the increase in heavy metal Pb in the test using particle size 250 µm in contact with heavy metal 1 mg L-1 and salinity 20‰ was less significant (p<0.05) compared to that at the other two salinities. The increase in heavy metals in clam bodies in the test with salinity 25‰ was also significantly lower (p<0.05) than that at salinity 30‰ (Figure 3). These results were found at all times of observation and at all initial Pb concentrations in this study. Meanwhile, the same test using particle size 50 µm showed that the increase in heavy metals in clam body placed at salinity 20‰ was not significantly different (p>0.05) from that at salinity 25‰, but significantly different (p<0.05) from that in hard clam placed at salinity 30‰ (Figure 2). These results were found at all times of observation. This is related to the concentration of heavy metals adsorbed on the PS particles. The larger the particle size, the higher the concentration of heavy metals that are absorbed, which causes the effect of the increase in heavy metals to be greater in the body of the hard clam.

In studies with a higher initial concentration of heavy metals in contact with PS particles, this impact was also observed. The increase in the concentration of heavy metal Pb in the body of hard clam placed at 20‰ salinity after 24 hours of exposure to PS particles in contact with heavy metal Pb with a concentration of 1 and 2 mg L-1 was not significantly different (p>0.05) with a salinity of 25‰, but significantly different (p<0.05) from that at 30‰ salinity. Furthermore, the test using concentrations of 5 and 10 mg L-1 in contact with PS particles showed that the increase in heavy metal Pb in hard clam bodies placed at different salinities was significantly different (p<0.05) from one another (Figure 2). This shows that the higher the concentration of heavy metals carried by the PS particles, the difference between the three salinities increases more clearly.

For other heavy metals, results with a nearly same trend were also discovered. The size of the particles used as carriers of heavy metals into the clam body had a strong influence on the increase in heavy metals Zn, Cu, and Cd in hard clam bodies placed at different salinities. The difference in the increase in heavy metals between different salinities is more pronounced the greater the particle size. The large value of heavy metal concentration used for contact with PS particles in the absorption process also has the same impact, namely the clearer difference in the increase in heavy metals in hard clam bodies with different salinities.

In this study, Zn showed the lowest rise in heavy metal content of any heavy metal in hard clam bodies. This was due to the fact that the clam also had the highest background heavy metal content. The effect of metal intake through particles and water is quite weak because to the substantial starting amount of heavy metals. According to Jaffar and Pervaiz (1989), the significant zinc accumulation in fish can be attributed to certain metabolic pathways and zinc-containing coenzyme catalytic reactions. In metal biomolecules with amino acid side chains having illustrious N, O, and/or sulfur donors, zinc additionally functions as a catalyst (Singh and Steinnes, 1994).

The content of heavy metals in the bodies of hard clams increased according to the salt level of the water to which they adapted. This was closely tied to the hard clams’ osmoregulation mechanism. Clams that live in more salinized settings need and consume more water to keep their bodies in balance (Baker et al., 2005; Lin et al., 2016). If the water has been contaminated with heavy metals, this is consistent with the rise in the concentration of heavy metals in their bodies. In contrast, organisms that thrive in less salinity-saturated habitats need less water and release a lot of water to maintain their internal equilibrium. The effect of salinity on the osmoregulation process is increasingly visible from the results of measurements of water volume before and after exposure. The volume of water at higher salinity decreased (water depletion) more than that at lower salinity. In general, water depletion in each salinity is significantly different for almost the entire exposure time. The water depletion in the experiment with salinity 30‰ was significantly higher (p<0.05) than that in the other two salinities (Figure 6). The hard clams allow their blood salinity to vary. They need to keep the ion concentration in their cells relatively constant to maintain the function of important metabolic enzymes. In this study, clams living at a higher salinity drank more water than those living at a lower salinity. This caused PS particles mixed in the solution to have a higher probability of entering the hard clam body. This is indicated by the interaction between salinity and the number of particles accumulated in the clams in all the equations of the relationship above. The more PS particles caused an increase in the concentration of heavy metals in the hard clam bodies. However, maintaining a consistent salinity in cells presents a number of challenges. The salinity of the blood will be lower than the salinity of the cells when the salinity of seawater declines. Osmosis is the process by which water (but not ions) passes from the blood’s high concentration of water into the cell’s low concentration of ions (Berger and Kharazova, 1997; Baker et al., 2005). According to Jones (1975), Idotea baltica, Idotea neglecta, Idotea emarginata, and Jaera albifrons plants exposed to greater salinity saltwater showed higher amounts of Cd and Zn metals than those exposed to lower salinity seawater. The same results were found for the mercury content in the body of Jaera albifrons.




Figure 6 | Water depletion (%) after exposure with hard clam (M. lusoria) (n=10) at different times dan salinities (20, 25, and 30‰). The data for water depletion (%) with different letters (a, b, and c) differ significantly (p<0.05) between salinities.



The rise in the number of accumulated particles in the first observation (6 h) did not differ significantly from the end of the observation (24 h). This was due to the limited body size of the clam to accumulate these particles. PS particles with a size of 50 µm accumulated more than those of 250 µm. This result was found in all tests. For example, the number of PS particles of size 50 µm that accumulated in the test with heavy metal Pb with a concentration of 1 mg L-1 and a salinity of 20‰ was 63 ± 5 particles (Figure 7A), while the size of 250 µm was 32 ± 4 particles (Figure 7B). The number of accumulated PS particles was also different in each test with a different salinity. The higher the salinity value, the more accumulated particles there are. These results were found in tests with both PS particle sizes and all tests with different heavy metals. In general, the number of particles accumulated in clam bodies placed at a salinity of 20‰ was significantly lower (p<0.05) than that at a salinity of 25‰. The number of particles accumulated in the clam body placed at a salinity of 25‰ was significantly lower (p<0.05) than that at a salinity of 30‰ (Figure 7). For example, after 24 hours of exposure to metal Zn at 1 mg L-1 concentrations and salinities of 20, 25, and 30‰, the number of PS particles of size 50 µm accumulated in the clam body was 62 ± 6, 70 ± 6, and 98 ± 6 particles, respectively (Figure 7A) whereas there were 37 ± 4, 55 ± 4, 71 ± 5 PS particles with a diameter of 250 µm (Figure 7B).These results indicate that salinity affects the number of particles that enter the hard clam bodies, causing the concentrations of heavy metals in their bodies to also increase. According to Viera et al. (2021), there may be a connection between the concentration of heavy metals and the particle MPs in oyster bodies. Oysters polluted with microplastics were shown to have increased heavy metal contents.




Figure 7 | The number of PS particle sizes 50 µm (A) and 250 µm (B) accumulated in the hard clam body (M. lusoria) after contact with heavy metals (Pb, Zn, Cu, and Cd) with an initial concentration 10 mg L-1 at various salinities of 20, 25, and 30‰ after 24 hours of exposure time. The number of particles in the clam body with different letters (a, b, and c) differs significantly (p<0.05) between salinities.



The manner in which heavy metals are released into the water varies depending on the salinity of the water. The release of heavy metals at higher salinity would be slower than that at lower salinity (Barus et al., 2021). Figures 4 and 5 shows that the concentration of heavy metals remaining in the PS particles at the lower salinity test was lower than that at the higher concentration. This indicates that more heavy metals in the particles are released into the water. This is supported by the results of observations of heavy metals remaining in seawater at each observation time. Heavy metal concentrations in seawater with higher salinity have lower values. This was due to ion competition in the water. Competition and higher ion density are found in solutions with higher salt content (Holmes et al., 2014; Liu et al., 2018), which causes heavy metal ions that are absorbed on the surface of the PS particles to become harder to release. The increase in heavy metal concentrations in seawater was found to be higher in the test using PS particles with a size of 250 µm compared to the test with PS particles of 50 µm. This was due to the particles with a larger size absorbing more heavy metals, so that more heavy metals were released into the seawater (Holmes et al., 2014; Fred-Ahmadu et al., 2019). The higher concentration of heavy metals in the test with lower seawater salinity caused the increase in heavy metals in the clam body after 6 hours of observation to be also higher than that in the test with higher salinity.

Heavy metal levels in hard clam will be elevated due to the ongoing accumulation of heavy metals in hard clam. This will cause the concentration value in the body of the clam to exceed the tolerable standard limit. This situation will be even more dangerous when the clam is consumed by humans. Hard clam is a food ingredient that contains nutrients needed by humans. Hard clams are a protein-rich food that has nutritional significance since they are rich in minerals and amino acids (Karnjanapratum et al., 2013). Heavy metals that accumulate in the clam would be transferred to the human body and cause the human body to become contaminated with heavy metals.




4 Conclusion

Our finding shows that salinity has an effect on the rate of accumulation of heavy metals in hard clams (M. lusoria) carried by PS particles. The results of this study also demonstrate that heavy metals that collect in clam bodies can be transported by PS particles. These findings point to a process that has never been explored in other studies—a continuation of the interaction between heavy metals and microplastics that contaminates organisms. All the variables employed in this study, such as PS particle size, the initial concentration of heavy metals used in the absorption process by PS particles, and water salinity, have a significant role in determining the increasing value of heavy metals in hard bodies. Hard clam bodies from higher salinity environments were observed to accumulate more heavy metals. In order to demonstrate the role of microplastics as heavy metal vectors in the real environment, further research is advised. However, this study is restricted to a laboratory size, and other environmental elements are advised to be added.
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