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In February and March 2022, a large amount of pumice stone appeared along the shoreline of Thailand. Pumice is a type of extrusive volcanic rock, and since there are no volcanoes in the Gulf of Thailand, an interesting question was where the pumice stones originated from. Another question was whether the pumice could be a vehicle for microplastics (MPs) which could then journey across the ocean until reaching the coast of Thailand. A preliminary study was begun, which randomly collected samples from seven beaches in five provinces along the coast of Thailand. Grayish-green pumice stones are tiny, porous, and lightweight, ranging from 0.3 to 5.0 cm in size. The examination found 5.7–12.6 MP items per pumice stone. Most of the MP particles observed were less than 1 mm in length. From Fourier transform infrared spectroscopy (FTIR) analysis, the MPs were characterized as polystyrene, polypropylene, poly (ethylene terephthalate) (PET), rayon, and nylon. The MP could have entered the holes in pumice stones while floating on the water surface over long periods. From the seasonal flow patterns, it was revealed that pumice from the South China Sea was more likely to have floated with surface currents into the Gulf of Thailand
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Introduction

Plastic waste in aquatic ecosystems has become a global issue because of its toxic effects on marine animals and humans. In recent years, the production of plastic has increased rapidly in conjunction with continued socioeconomic development, urbanization, and industrialization. It has been estimated that 370 million tons of plastic particles have been produced around the world (Plastics Europe, 2020) and around 4.8–12.7 million tons are released annually into marine environments (Haward, 2018) through river runoff and atmospheric deposition (Chen et al., 2021; Muanyaneza et al., 2022). Plastics are easily broken and fragmented into smaller-sized pieces under the effect of environmental forces, yet they take a long time to degrade. Microplastics (MPs) are usually defined as plastic particles less than 5 mm in size and can be categorized as primary and secondary according to their origin (Bradney et al., 2019; Park and Park, 2021). The greatest concern regarding MPs in the environment is their association with toxic chemicals and the transfer of those chemicals into marine organisms that ingest the debris. It has been found that MP debris can adsorb heavy metals (Brennecke et al., 2016; Pradit et al., 2021; Goh et al., 2022), as well as organic pollutants such as polycyclic aromatic hydrocarbons, polychlorinated biphenyls (PCBs), and DDTs (Jimeenez-Skrzypek et al., 2021), which could be transferred to higher trophic levels and could potentially affect human health (Carbery et al., 2018). Additionally, the impact of MP ingestion on various marine animals has been studied in different parts of the world (Ahrendt et al., 2020; Barboa et al., 2020; Hue et al., 2021; Pradit et al., 2022a).

Pumice is a type of volcanic rock that is created when magma suddenly depressurizes and cools during volcanic eruptions (Whitham and Sparks, 1986). Pumice is characterized as porous and siliceous and has a sponge-like appearance (Sarkar et al., 2017). The composition of pumice is primarily silicon dioxide (SiO2) and aluminum oxide (Al2O3), with trace amounts of other oxides (Manurung et al., 2022). Pumice has been reported to have low bulk density, ranging from 0.35 to 0.65 g cm−3, high porosity (64%–85% by volume), and large pore size (Ersoy et al., 2010; Cekova et al., 2013). The skeleton structure of pumice allows molecules and particles to enter and remain within the pores. Therefore, it is possible that pumice could be a source and sink of MPs and affect the environment where it is found. Pumice has been found in many parts of the world but is most commonly associated with volcanic areas such as Turkey, Italy, Greece, Japan, and Indonesia (Bolen, 2008; Lowensten et al., 2018). Recently, numerous pumice rocks were found on the beaches along the lower Gulf of Thailand in Pattani, Narathiwat, Songkhla, and Chumphon provinces in February 2022 and in Rayong province (eastern part of Thailand) in March 2022 Pumice from volcanic eruption found on southern beaches off Gulf of Thailand, 2022. Many researchers believe they could have originated from a volcanic eruption in Indonesia or Japan (Pumice from volcanic eruption found on southern beaches off Gulf of Thailand, 2022) and were transported across the sea, partly due to the effects of the monsoon and seasonal ocean currents (Yoshida et al., 2022).

If pumice can capture and transport MPs, it could affect ecological systems wherever it is found. Most of the previous research conducted along the coast of Thailand has studied MPs in seawater, sediment, and marine species (Azad et al., 2018; Pradit et al., 2020a; Pradit et al., 2020b; Goh et al., 2021; Jualaong et al., 2021; Pradit et al., 2022b). Therefore, this study was the first to investigate MPs in pumice along the coast of Thailand. It examined the abundance, distribution, and types of MPs, and the findings can be used as baseline data for the presence of MPs in pumice stones throughout this region.



Materials and methods

Pumice stone samples (Figure 1) were collected in February and March 2022 from seven beaches in five provinces in the Gulf of Thailand (Supplementary Figure S1). These beaches were Narathiwat province, Ao Manoa Beach (NTNW, 6.4313°N 101.8498°E), Pattani province, Panare Beach (PNTC, 6.9506°N 101.2864°E), Songkhla province, Bo-it Beach (SKBI, 7.1147°N 100.6654°E), Songkhla province, Maharat Beach (SKMH,  7.4762°N 100.4454°E), Songkhla province, Pak Trae Beach (SKPT, 7.7784°N 100.3693°E), Chumphon province, Thung Wua Laen Beach (CPTW, 10.5627°N 99.2740°E), and Rayong province, Pak Nam Rayong Beach (RYPN, 12.6551°N 101.2773°E). Samples were manually collected by picking approximately 1 kg of pumice stones from each beach. The samples were put in new, clean, plastic zip lock bags and brought back to the laboratory for analysis.




Figure 1 | Example of pumice stone found on the coast of Thailand.



To avoid MP contamination, all devices were flushed with distilled water before use. A blank control was created using distilled water poured into a Petri dish and left in the laboratory near the stereomicroscope. At the end of the experiment, no MPs were found in the Petri dish. Furthermore, all sample processing was performed in a clean fume chamber. The pumice samples were rinsed three to five times with clean water to remove sand debris and sediments that could be from the beach environment. In total, 110 pumice stone samples were randomly selected, with a gross weight of approximately 550 g (one stone typically weighs 3–5 g while a small pumice stone typically weighs 0.3–0.5 g). It was expected that the pumice pebbles swarming Thai beaches of several provinces were probably caused by an undersea volcanic eruption and made a long-distance journey across the South China Sea before arrival at Thai beaches. The suspended pumice stones were thoroughly mixed with suspended MPs according to the long-distance journey with long marine residence times and therefore physically homogenized all the stones of pumice containing MPs. This means that the collected pumice of each stone represents one replicate. For our study, approximately 20 stones (replicates) from each province were selected, except for Songkhla province, from which 30 stones (replicates) were required. For samples from provinces where the samples were very small (0.3–0.5 g), the researchers weighed multiple pumice stones with a combined weight of 5 g to equal a single larger stone (5 g). The samples were dried in an oven at 50°C for 3–5 h. Each pumice stone was then ground using a mortar and pestle and put in a 500-ml beaker. MPs were extracted from the pumice stones using a density separation method based on NaCl, which is a widely used technique (Wang et al, 2020; Chinfak et al., 2021; Jiwarungrueangkul et al., 2021). The 250-ml saturated NaCl solution (1.2 g/cm3) was filtered through GF/C filter paper before being added to the ground pumice samples. They were then mixed by stirring the content with a stirring rod for 3–5 min, covered with aluminum foil, and left for 24 h. Subsequently, the samples were poured through a 20-µm mesh filter cloth, and the samples that remained on the filter cloth were transferred to a Petri dish before being oven-dried at 50°C for 3–5 h.

Next, the samples remaining in the Petri dish underwent MP identification by visual examination using a stereomicroscope (Olympus SZ61, Olympus Group, Shinjuku, Tokyo, Japan). The Hidalgo-Ruz et al. (2012) rules for identifying MPs were used to assist in identifying most of the MP particles which were encountered during this analysis. These rules consist of Rule 1: No cellular or organic structures visible; Rule 2: Fibers should be equally thick throughout their entire length; and Rule 3: Particles should exhibit homogenous color throughout the item. All the MPs found were recorded for amount, size [based on three class sizes (>1 mm; 500 µm–1 mm; <500 µm)] (modified from Karbalaei et al., 2019), color, and shape (fiber, fragment, or other) (Li et al., 2016; Jiwarungrueangkul et al., 2021). Polymer type identification was performed using FTIR (Spectrum Two with Spotlight 200i, Perkin Elmer Inc., Waltham, MA, USA). The wavelengths used were 4,000–400 cm−1, using an attenuated total reflection mode. The types of polymer analyzed were compared with the library attached to the FTIR. Data analysis of MP abundance, size, color, and shape was performed using MS Excel 2007 (Office Professional Plus 2019, Microsoft Corp., Redmond, WA, USA). The quantity of MPs within an approximately 5-g pumice stone was calculated to the number of items/stone. Statistical analysis to compare the addressed parameters between sampling sites was performed using the R program.



Results

Pumice stones are porous, light, and can float in water. The pumice stones used in the experiment were approximately around 0.3–5.0 cm in length. Pumice stones are mainly grayish-green, with some stones found with shells within them. From the identification of MPs through visual observation by stereomicroscope, it was found that the MPs found in RYPN = 8.9 items/stone, NTNW = 8.2 items/stone, PNTC = 6.8 items/stone, SKBI = 6.5 items/stone, SKMH = 5.9 items/stone, SKPT = 5.7, and CPTW = 12.6 items/stone. The most common type of MPs found was fiber (Figure 2A) (CPTW>NTNW>PNPT>RYPN>SKPT) except at SKBI and SKMH. The most common color found was blue, followed by white, black, and transparent (Figure 2B), with most being less than 1 mm in size (Figure 2C). FTIR was used to identify the type of polymer. The MP content was characterized as polystyrene, polypropylene, PET, rayon, and nylon, with an example spectrum shown in Supplementary Figure S2.




Figure 2 | The graphs show (A) MP type found in pumice stone, (B) MP size found in pumice stone, and (C) MP color found in pumice stone.





Discussion

Between February and March 2022, a large quantity of pumice stones was carried by ocean currents and deposited on beaches along the Gulf of Thailand. Pumice is a type of extrusive volcanic rock that is spongy and light and is produced when lava, with a very high content of water and gases, is discharged from volcanoes. When this lava cools and hardens, the result is a very light rock that is filled with tiny bubbles and gas. Based on the results of the analyses, fibers were found to be more predominant in the samples, and this structure type was also very common in previous MP research. Studies suggest that microfibers constitute up to 91% of the entire plastics collected in global seawater samples and are the most ubiquitous type found in ocean surface waters (Barrows et al., 2018). Fibers usually appear to be yarn or threadlike and are either found crumpled or as single threads and are considered degradable plastic waste (Pirc et al., 2016). Commonly, fibers originate from fishing nets, ropes, lines, laundry, and urban waste (Hossain et al., 2020; Severini et al., 2020). Chi-square analysis revealed that the color between the sampling sites was significantly different (p < 0.01), which means that blue was mostly found at CPTW and PNTC. White was largely observed at RYPN, SKBI, SKMH, and SKPT, and black was mostly found at SPKT. The most common color found was blue (mostly fiber shape). It would probably be part of the net or fishing gear used in the region. The pumice stones found in RYPN were smaller than the larger and more porous stones found in the other provinces. From one-way ANOVA, size and shape were significantly different (p < 0.01), whereas the amount of MPs was not significantly different (p > 0.05) among the stations. Most MPs are less dense than seawater and tend to float at the sea surface. Rayon fiber is commonly used to produce artificial silk and other textiles (Pradit et al., 2021). Several broad classes of plastics are used in packaging polyethylene, polypropylene, polystyrene, and PET, while PET and nylons are also used heavily in fishing gear applications (Timmers et al., 2005).

An interesting question is where the pumice stones came from since there are no volcanoes in the Gulf of Thailand. However, February and March mark the end of the southeast monsoon season, which can transport pumice stones from the South China Sea via currents in the Gulf of Thailand. It is therefore highly likely that the pumice stones were carried and driven by ocean currents and wind to the Thai coastline (Figure 3). Ocean currents reach the coastlines of the lower and central Gulf of Thailand (NTNW, PNTC, SKBI, SKMH, SKPT, and CPTW) before changing direction toward the eastern side of the Gulf of Thailand (RYPN). This likely caused pumice stones to be found on the beaches of the southern region earlier in February, and then later (March 2022) in the eastern region of Thailand. By the end of 2021, a massive quantity of pumice stones had been found on the Japanese coasts, which were blown out by the early 2021 eruption of a submarine volcano in the Ogasawara Islands, administratively part of Tokyo and 1,400 km due east of Okinawa. As a consequence, it is possible that the pumice stones found in Thailand originated from the eruption of the undersea volcano in Japan and were then swept by ocean currents in the South China Sea to the Gulf of Thailand.




Figure 3 | Gulf of Thailand (GoT) surface current (modified from Liu et al., 2016). Surface currents in winter (black) and summer (red) surface currents. The blue solid circle represents a sampling station from the bottom–up, namely NTNW, PNTC, SKBI, SKMH, SKPT, CPTW, and RYPN.



Ocean currents in Southeast Asia change seasonally due to the influence of the northeast and southwest monsoons during different times of the year. Seasonal variations of the influences of the South China Sea on the water in the central Gulf of Thailand have been reported (Yanagi et al., 2001). Subsurface water intrusion from the South China Sea has been found to develop in the summer during the transition from the northeast to the southwest monsoons, in addition to during the southwest monsoon due to surface heating and Ekman transport (Buranapratheprat et al., 2016). Upwelling along the west coast also occurs during the southwest monsoon season. Strong southwest winds induce the flow of water mass from the Gulf of Thailand to the South China Sea, lowering the mean sea level in the Gulf of Thailand (Higuchi et al., 2020). The northeast monsoon season is the period during which the Gulf of Thailand is influenced by the surface current from the South China Sea according to the wind direction. The mean sea level in the gulf then rises, generating overflowing water levels at the head of the inner Gulf of Thailand. The current flows clockwise during the northeast monsoon and counterclockwise during the southwest monsoon in the Gulf of Thailand (Liu et al., 2016). This water circulation weakens during the transition periods between the monsoons. From the seasonal flow patterns, it has been revealed that pumice stones from the South China Sea are more likely to float along with surface currents into the Gulf of Thailand during the northeast monsoon season, than during the southwest monsoon season.

It is also highly possible that the pumice stones were from the eruption of the undersea volcano in Japan, mixed with MPs floating at the surface of the Western Pacific Ocean, and were carried from the South China Sea, a hotspot of floating MPs (Liu et al., 2021). Basin flow, currents, or regional sea-level processes, such as mesoscale eddies and upwelling, may affect the horizontal and vertical transportation and the distribution of MPs. It is well known that the vesicular texture of pumice rock certainly provides a large number of suitable voids for trapping all suspended tiny particles, making it ideal for use as a filter media in the treatment of municipal and industrial effluents. The low specific gravity and high porosity of pumice make it ideal for these applications and treatment processes. Thus, the floating porous pumice stones immersed in the ocean with MPs under the influence of waves, tides, and currents will definitely provide suitable voids for being bombarded and eventually entered by MPs. Therefore, it is highly likely that they will become a place for small animals that require adhesion, such as shipworms or shellfish, to live (Velasquez et al., 2018). According to the experiment, it can be seen that MPs adhere to pumice stones (Figure 4). Surprisingly, a considerable amount of MP debris could be recovered from destroying the pumice structure by grinding with a mortar and pestle. This means that the MP particles were physically trapped inside the vesicular pumice texture and could not be easily washed away from the pumice surface. Once MP debris is trapped inside the pumice structure, it is not easily released into the environment until the pumice structure is weathered. It will have a very long residence time inside the pumice stone since it takes a few hundred years for the pumice structure to break down and release the trapped MPs into the environment.




Figure 4 | Examples of MPs attached to pumice stone (left, right). Note the light blue fiber in the middle of the circle.



This is the preliminary report on the presence of MPs in pumice stones found along the coast of Thailand. MPs were found to be attached inside the stones, and it could be said that pumice stones act as a floating home for MPs and, in a way, remove it from the ocean. The polymers found were common types seen in surface water and include polystyrene, polypropylene, PET, rayon, and nylon. It was revealed that volcanic rocks from the South China Sea were more likely to float along surface currents into the Gulf of Thailand. Considering that the MPs found in the pumice stones were tiny (<1 mm), it is very likely that MPs entered the pores of the pumice stones. It is possible that pumice could be a distribution source and sink of MPs. Thus, this amazing feature of the pumice structure probably makes the pumice stone an excellent scavenger of the MP debris suspended in seawater. Although the occurrence of pumice around coastal lines normally has adverse impacts on fishing, transport, ports, and tourism, the appearance of pumice stone at sea will probably lessen the amount of MP contaminants in the ocean since the trapped MP debris in pumice stone will have a lower chance of being released and entering the food chain. This accident investigation finding from the natural field experiment obtained from the collected pumice stone drifting in the South China Sea from our study provides valuable information that terrestrial pumice could probably be employed as a filter medium for removing MP particles from drinking water, and after its service life, it can easily be disposed of by using it as a soil conditioner for growing plants, and the trapped MP particles will weather away before the pumice structure breaks down. Thus, no MP debris will be certainly released into the environment from the disposal of pumice filter waste.
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