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Abstract

:

At present, microplastics (MPs) pollution has attracted people’s attention, and MPs in seawater have caused great harm to the marine environment. Taking Yugang Park Beach (YPB) in Zhanjiang Bay (ZJB) as the research object, we studied the spatial and temporal distribution, composition, and inventory of MPs in the bathing seawater affected by the ebb tide by filtering the bathing seawater with a 45 μm stainless steel sieve. The results showed that the average abundance of MPs in the bathing seawater was 201.3 ± 183.0 items·m−3, with the highest at mid-tide, followed by high and low tides. The size of MPs in the bathing seawater was mainly 1–2 mm, with most being white (23.5%) and green (29.8%) MPs, and the largest proportion being foam (27.5%) and fiber (29.5%). The main polymer types were polypropylene (PP), polystyrene (PS), and cellulose (CE). Correlation analysis between MP abundance and their sizes showed that the abundance of 0.33–5 mm MPs was significantly and positively correlated with their sizes (p < 0.05). The average MP inventory was 3.2 × 106 items, with the largest at high tide, followed by mid and low tides. In conclusion, these results highlighted that tidal variations were the main factor causing the uneven distribution of MPs in the bathing seawater at YPB. This study provides theoretical support for future study of MP pollution in bathing waters, and the effect of tidal variations on MPs.
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1. Introduction


Plastics are synthetic organic polymers formed by the polymerization of monomers derived from petroleum or natural gas [1,2,3]. As a result of their versatility, small mass, strength, and low price, plastics are widely used [4,5,6]. The good durability and poor recycling rate of plastics have led to the accumulation of plastic debris in the environment, which has been detected from the poles to the equator, and from the oceans to mountain tops [7]. It is estimated that between 4 and 12 million pieces of trash enter the ocean from land per year [8]. Ocean plastic pollution has become a global ecological problem [9,10].



Plastics are prevalent in all marine environments, due to their different physical mechanisms of transport, particularly ocean currents and tides [11]. Plastic pollution includes macroplastics, mesoplastics, and microplastics (MPs) [12,13]. MPs are generally defined as plastics that are less than 5 mm in diameter [14]. MPs in seawater can be obtained from the macroscopic fragmentation of large and intermediate plastics, as well as from microbeads in everyday products that enter the marine ecosystem through domestic and industrial drainage systems and sewage treatment plant discharges [15,16,17,18]. In tidally dominated marine ecosystems, hydrodynamic tidal factors control the transport of suspended matter [19]. Previous studies have shown that the abundance of MPs is susceptible to human activities and tidal variations, exhibiting significant variability [20,21]. For example, the abundance of MPs may be overestimated if the sampling station is located on the high tide line of an ocean beach [22]. Therefore, the influence of the field sampling strategy (station location and sampling depth) on the abundance of MPs is critical, and tidal variations should be considered. Since MPs are a suspended material, we hypothesize that tidal hydrodynamics also have an important influence on the distribution and occurrence of MPs in bathing seawater. Moreover, due to their chemical properties, plastics are difficult to decompose by microorganisms, which leads them to remain in the marine environment for a long time and break into MPs or nanoplastics [23,24,25]. Therefore, exploring the relationship between the abundance and size of MPs is necessary. Understanding this relationship will help gather information on the distribution and abundance of MPs.



Zhanjiang Bay (ZJB), with a sea area of 270 km2 and a bathymetric line of 67 km, has low water runoff, low sand content in the water column, and stable bay bed topography (Figure 1a) [26]. In addition, its high tidal capacity (mean tidal difference of about 4.8 × 108 m3), long and narrow bay, and high tidal rise and fall flow velocities have created a high flow field in the bay [27]. Under the effect of this flow field and the residual flow field, the bay has good self-purification ability for a water body. Yugang Park Beach (YPB) is located at the northern end of the Zhanjiang Central Marine Observation Corridor, with an area of about 0.2 km2 (Figure 1b) [25]. This geographic area was chosen because it faces ZJB to the north, and has excellent natural conditions as a coastal recreation site in the city. In addition, there are almost no studies on the pollution of MPs in the bathing seawater area at YPB.



Therefore, samples of MPs in the bathing seawater at different tides in this study were collected at YPB along ZJB on 20 September 2021. The objectives of this study were the following: (1) to check variations in the spatial distribution of MPs in the bathing seawater affected by the ebb tide; (2) to check variations in the composition of MPs in the bathing seawater affected by the ebb tide; (3) to analyze the relationship between the abundance and size of MPs in the bathing seawater affected by the ebb tide; and (4) to check variations in the inventory of MPs in the bathing seawater affected by the ebb tide. This study contributes to understanding the impact of human activities on the pollution of MPs in the bathing seawater at YPB, and the current state of MP pollution in the seawater along ZJB.




2. Materials and Methods


2.1. Study Area


ZJB is 24 km wide, and covers 193 km2 with a small 1.9 km estuary [27]. As a semi-enclosed bay with a small interface with the South China Sea, the bay is deep, has poor hydrodynamics, and is well-developed for shipping. The water quality of ZJB has deteriorated due to industrial wastewater discharge, ship navigation, and mariculture in previous years [28]. As the central urban area of Zhanjiang, the resident population of Xiashan District is 536,000 people (according to the communiqué of the seventh national census of Zhanjiang City (Guangdong Province)). The beautiful environment and easy access to YPB in Xiashan District mean that many tourists from surrounding residential areas as well as other areas are attracted to the location for recreational activities every year [25]. During the past Spring Festival holiday in 2021, Zhanjiang received 3.2 million visitors, and achieved a tourism revenue of CNY 1.6 billion [29]. While tourism resources bring economic benefits to the local area, they also put a lot of pressure on the environmental pollution in ZJB. MPs can still be found at YPB despite regular daily beach cleanup by workers [25]. In addition, recreational activities on the beach may pose a threat to the surrounding water quality as well as the marine environment through plastic pollution, due to the lack of marine environmental awareness and education [30].




2.2. Sampling and Analysis Method


To understand the spatial distribution, composition, and quantity of MPs in the bathing seawater at YPB affected by tidal variations along the coast of ZJB, five sections were designed along the coastline on 20 September 2021, namely A, B, C, D, and E, where B, C, and D were within the bathing area of YPB. The samplers were divided into five groups corresponding to the five sections on YPB (Figure 1C). Sampling was conducted 3 times at each of the five stations, in three tidal periods (high, mid, and low tides), for a total of 15 times (Table S1).



First, surface seawater samples (at a depth of approximately 2 m) were collected simultaneously at each station, according to the three tidal periods marked in Figure 2. Using the simultaneous collection and filtration method, a 5 L metal container was filled with seawater, and the seawater was filtered through a stainless steel sieve with a mesh size of 45 μm, 10 times during the 10 min before and after high, mid, and low tides in ZJB. That is, a total of 50 L of seawater samples were collected for filtration. The residue on the filter was then completely flushed into 500 mL glass bottles, which were repeatedly rinsed with distilled water, and a total of 30 glass bottles were collected. All bottles were sampled and transferred to the laboratory [31]. In this study, the size range of plastics was limited to 0.045–5 mm.



The samples were promptly transported back to the laboratory, and no plastics were used during the laboratory analysis to avoid plastic contamination. Each sample in a glass vial was rinsed into a 250 mL beaker with distilled water, and the rinsing was repeated until all solids in the glass vial were rinsed into the beaker. Added sequentially to the beaker were 20 mL 98% Fe (II) solution and 20 mL 30% H2O2 solution. After the organic matter was digested, the remaining solid particles were dried and placed under a microscope (SMZ1270, Nikon, Tokyo, Japan) for quantitative analysis [31,32]. Micro-Fourier transform infrared spectroscopy (Frontier, PerkinElmer, Waltham, MA, USA) was used to determine the composition of the MPs. The spectra obtained were compared with the library spectra on the instrument. Only when particles matched the spectral library by 70% were they identified as MPs [9].




2.3. Estimation of the Inventory of MPs in the Bathing Seawater


The bathing seawater area was divided into 15 sub-blocks using Google Earth, with each sampling station serving as the center point of the sub-block. Assuming that the high tidal level was 90 m away from the sea, and that the total distance between sampling blocks A and E was 450 m, the average tidal height of the five squares at high, middle, and low tides were measured as 7754 m2, 4600 m2, and 2403 m2, respectively. According to Figure 2, the high, mid, and low tidal heights were 4.25 m, 2.5 m, and 0.75 m, respectively. Therefore, the volume of the three tides at each station could be calculated. The abundances of MPs at these 15 sampling stations were analyzed mathematically and statistically to quantify the total inventory of MPs present in the bathing seawater. Thus, the total MP inventory in the bathing seawater could be estimated using Equation (1) below [25,33].


  I =   ∑   n = 1   15    (   V n  ·  i n   )   



(1)




where Vn was the volume in the bathing seawater at each of the three tidal heights, the sampling station was its center (m3), in was the abundance of MPs at each sampling station (items·m−3), and I represented the inventory of MPs in the bathing seawater (items).




2.4. Quality Assurance and Control


Cotton lab coats were worn during all experimental steps, such as sampling, sample pretreatment, and testing, in order to reduce the possibility of synthetic fiber contamination [34]. During the experiments, glass/metal containers and instruments were covered with aluminum foil when not in use, to prevent secondary contamination. Before sample processing, all solutions were filtered through a glass fiber filter membrane (47 mm diameter, 10 µm pore size) to prevent interference from external MPs. In addition, a laboratory blank set was prepared during sample pretreatment [35]. The same volume of ultrapure water was used to replace the seawater samples, and was treated as the other samples were throughout the procedure. The results showed that no MPs were detected in the laboratory blank set.




2.5. Statistical Analysis


Data on the abundance, size, color, and shape of MPs were processed using Microsoft Excel 2019, then plotted using Origin 2023 and expressed as mean plus standard deviation. Analysis of the normal distribution was first used in SPSS 27, and if significance was less than 0.05, a non-parametric test (Kruskal–Wallis test) was performed; if significance was greater than 0.05, this was consistent with a normal distribution, and one-way analysis of variance (ANOVA) was used to determine spatial tidal areas and station differences. All MP correlations were significant at p < 0.05, p < 0.01, and p < 0.001. Location maps were plotted using Google Earth.





3. Results


3.1. Abundance of MPs in the Bathing Seawater Affected by the Ebb Tide


The spatial distribution of MPs in the bathing seawater is shown in Figure 3. The mean abundance of MPs in the bathing seawater was 210.3 ± 183.0 items·m−3. The abundance of MPs was a maximum at mid tide and a minimum at low tide, with 194.0 ± 148.9 items·m−3 at high tide, 260.0 ± 270.3 items·m−3 at mid tide, and 150.0 ± 119.8 items·m−3 at low tide. In addition, the abundance of MPs detected at station A was in the middle to upper level among the three tidal periods, no less than 150.0 items·m−3. The abundances of MPs detected at stations B and C were highest at high tide, while the abundances of MPs detected at stations D and E were highest at mid tide. The MP abundance at station E was the most variable among the three tidal periods; it was the lowest at high tide, with only 20.0 items·m−3, but the highest at mid tide, with 720.0 items·m−3, accounting for 55.4% of the total at mid tide.




3.2. Sizes, Colors, Shapes, and Polymer Types of MPs in the Bathing Seawater Affected by the Ebb Tide


The results showed no difference in MP size among the three tidal periods and stations (p > 0.05) (Figure 4a). The most detected MPs were 1–2 mm (32.1%), and the least detected MPs were 0.045–0.33 mm (6.3%). At high tide, there were five sizes of MPs at stations B, C, and D in the bathing area, and the proportions of 0.5–1 mm MPs were all greater than 25.0%. At mid tide, five MP sizes were detected simultaneously at stations A and D. MPs of 1–5 mm were detected at station C, and MPs of 1–2 mm and 2–5 mm at station C both accounted for more than 30.0%. At low tide, the proportions of 0.33–0.5 mm and 1–2 mm MPs were both greater than 25.0% at stations A and D, and the proportions of 0.5–1 mm and 2–5 mm MPs were equal at stations B (18.2%), C (15.4%), and E (28.6%).



Additionally, the results of the survey showed a difference in the multicolored MPs among the three tidal periods (p < 0.05) (Figure 4b). The most detected MP colors were green (29.8%) and white (23.5%), while red (1.0%) was the least detected. At high tide, eight colors were detected at station B. Only two colors were detected at station E, white (50.0%) and black (50.0%). At mid tide, seven colors were detected at station E. Only white (83.3%) and green (16.7%) were detected at station C. At low tide, station E had the most white MPs (42.9%), and the other stations had the most green MPs, with 44.4%, 54.5%, 53.8%, and 50.0%.



Moreover, there was no difference in MP shape among the three tidal periods and stations in the results (p > 0.05) (Figure 4c). Fibers accounted for the largest percentage of all samples (29.5%), and filaments represented the smallest (3.0%). At high tide, only rubber and pellets were present at station E, accounting for half of each (50.0%). Only filaments were detected at station B (5.4%). At mid tide, except for station C, the other four stations had the largest proportion of foam, accounting for 35.3%, 50.0%, 22.2%, and 31.9%. At low tide, except for station E, the other stations had the largest proportion of fibers, with 27.8%, 54.5%, 53.8%, and 50.0%.



Different main polymers were found in selected samples of green fragments (a), white foam (b), transparent fiber (c), and blue film (d), with the main types including polypropylene (PP), polystyrene (PS), cellulose (CE), and PP (Figure S1).




3.3. Relationships between MP Abundance and the Different Sizes of MPs in the Bathing Seawater Affected by the Ebb Tide


Correlation analysis of the abundance of MPs and MP size is shown in Figure 5. MPs that were 0.045–0.033 mm had no significant correlation with all other MP sizes (p > 0.05). Total MP size was significantly positively correlated with MPs of grain size 0.33–5 mm (p < 0.001). MPs that were 2–5 mm were extremely significantly correlated with 0.5–2 mm MPs (p < 0.001), and correlated highly with MPs of 0.33–0.5 mm (p < 0.05). MPs of 1–2 mm were extremely significantly correlated with MPs of 0.5–1 mm (p < 0.001), and significantly correlated with MPs of 0.33–0.5 mm (p < 0.01). MPs of 0.5–1 mm were significantly correlated with MPs of 0.33–0.5 mm (p < 0.001).




3.4. Quantifying the Inventory of MPs in the Bathing Seawater Affected by the Ebb Tide


The inventory of MPs present in the bathing seawater for each tide was quantified on the basis of the individual area of each block using Equation (1) (Figure 6). The average MP inventory was 3.2 × 106 items, ranging from 1.3 × 105 to 1.2 × 107 items. Overall, the MP inventory was the largest during high tide (66.2%), followed by middle (31.0%), and low tide (2.8%). The MP inventory was distributed differently among different stations under different tidal influences. At stations A, B, and C, the MP inventory was the highest at high tide, accounting for 78.0%, 91.6%, and 89.5%, respectively. The second was the MP inventory at mid tide, and the last was at low tide. The MP inventory at stations D and E was the highest at mid tide, accounting for 59.4% and 91.3%, respectively, followed by the MP inventory at high tide, and the MP inventory at low tide.





4. Discussion


4.1. MP Pollution Levels in the Bathing Seawater


The results of this study indicated that MP contamination occurred in the bathing seawater at YPB in ZJB at a low level compared to other seawater or bays worldwide. As data on MPs in bathing waters in freshwater ecosystems were still limited, we compared our results with some other findings in marine environments [36,37,38,39,40] and freshwater [41,42,43,44,45] (Table 1). However, direct comparisons remained complex, due to differences in sampling methods, size limitations, and selected ecosystems [36,40,41]. For other environmental analyses related to MPs, sampling homogenization and data processing were required [46]. Given these limitations, our data appeared to be largely consistent with those reported in other studies [37,39,41]. However, MPs in the bathing water were lower compared to Xiamen [36], South China Sea [38], Longjiao Bay [43], Xiangshan Bay [44], and Rayong Province, Thailand [45], but much higher than the Black Sea [40] and Jiaozhou Bay [42]. The pollution levels of MPs in different sea areas can reflect local economic development and marine conservation. In Xiamen [36], MP abundance in surface seawater was determined using 330-micrometer trawl sampling methods. The MP abundance in this study was higher than that on the marine beach of Yugang Park, possibly because different sampling methods were used, and the abundance was more influenced by population density [47]. Other studies have used smaller size stainless steel sieves or buckets ranging from 20–75 μm. The lower size limit in our study was 45 μm. MP pollution in the South China Sea, Longjiao Bay, and Rayong Province, Thailand, were all an order of magnitude higher than in our study; this was likely due to harbors, recreational activities [48,49], surface currents [38], mariculture [42], and sewage discharges from urban and industrial areas, as well as tourist and marine activities on beaches [45,50]. The low abundance of MPs in the Black Sea may be due to the dilution of MP concentrations, low industrial and human activities, and high rainfall [40]. Jiaozhou Bay was consistent with our sampling volume; both results were based on 50 L of seawater in bulk, and the errors of the sample size ambassador results were small; however, its abundance was less than ours, probably resulting from differences in sampling methods and treatment identification methods [43]. YPB had a beautiful landscape, a pleasant climate, many tourists, and well-developed shipping. Based on the above comparison, the cause of MP contamination at YPB may be influenced by environmental factors (marine physical–chemical–biological processes), as well as beach recreational activities.




4.2. Interactions between MP Abundance and Their Different Sizes


The correlation analysis between MPs of 0.045–5 mm and their corresponding abundance is shown in Figure 5. The abundance of 0.33–5 mm MPs in the bathing seawater was significantly correlated with their size (p < 0.05), which was similar to findings of previous studies on YPB [25]. However, the authors studied the relationship between MP abundance and grain size of sand samples, while we studied the relationship between MP abundance and their sizes. MPs of these sizes were from the same source, possibly due to river discharge from domestic land, ship spills, or foreign currents [51], while 0.045–0.33 mm MPs were from multiple sources, possibly produced by the weathering of macro-, meso-, and large microplastics on the beach [52], and possibly in part by ocean stranding [53,54]. In this study, the sampling time coincided with the Mid-Autumn Festival holiday in China; there were frequent tourist activities at YPB. Human activities increased the number of large MPs. Large MPs (2–5 mm) were decomposed into medium MPs (0.5–2 mm), and medium MPs were further degraded into small MPs (0.045–0.5 mm) due to physical–chemical–biological effects [55,56]. The results showed that the highest number of MPs with size 0.5–2 mm was followed by 0.33–0.5 mm and 2–5 mm, while 0.045–0.33 mm represented the lowest in number. This was because MPs from distant waters were carried into shallow areas, while MPs from beaches entered shallow waters due to tidal movements (experiencing long-term surface churning from wave upwelling/backwash and internal backwash due to infiltration), resulting in the highest number of medium-sized MPs detected, and a lower number of small MPs [57].




4.3. Controlling Factors of MP Dynamics in the Bathing Seawater


The production and release of MPs are indisputably dependent on human activities, socioeconomic conditions, etc.; however, their distribution in the marine environment is highly dependent on several environmental and physical processes and features such as particle shape [20], particle density [58], tidal variations [59], surface currents, and wind-induced drift [60,61].



Tidal variation was the main factor contributing to the uneven distribution of MPs in the bathing seawater affected by the ebb tide. From the results, it was clear that MP abundance gradually decreased from south to north at high tide, while at mid tide, MP abundance showed an opposite trend to that at high tide. At low tide, the abundance of MPs was similar in the bathing seawater. The variation trend in MP inventory was the same as that of MP abundance. This may be because the north side (station E) was higher and the water level was lower at high tide compared to the south, so it could accumulate more MPs. The velocity of water flow at mid tide was greater compared that at high and low tides, which diluted the concentration of MPs; thus, the concentration of MPs showed a decreasing trend. The low tide water velocity was slow and the water level was the lowest; MPs may have been deposited on the bottom, so that the MPs became uniformly distributed. In addition, human activities were a significant cause of MP accumulation in seawater [62,63]. The coastal areas of ZJB were mostly tourist attractions, with substantial mariculture and corporate production and shipping [64]. Various shapes of MPs were detected in the bathing seawater area. By observation, except for station E, the other four stations in the bathing area all had the largest proportion of foam and fiber content at high, mid, and low tides; this indicated that offshore fishing and tourism in ZJB promote the production of foam and fibers [25]. The results showed that the distribution of foam was mid tide > high tide > low tide; the distribution of fragments was mid tide > low tide > high tide; and the distribution of fibers was low tide > mid tide > high tide. Furthermore, the polymer compositions of foam, fragments, and fibers were PS, PP, and CE, respectively, with the former two having lower densities than the seawater density in ZJB (which was heavily eutrophic and saline [27]); the latter had higher densities, indicating a predominant accumulation of lightweight polymers on the beach whose source was longitudinal transport from the water surface [46]. As a side note, more inventory of MPs was detected at the two stations outside the bathing seawater area (stations A and E) than inside the bathing seawater area (stations B, C, and D), suggesting that the baths may play a dual role of intercepting beach MPs into the ocean and ocean MPs into the beach [65]. Moreover, multicolored MPs were significantly different among tides (p < 0.05), and were only detected at stations B1 and D3 at the interception boundary among the nine stations within the bathing area; this may be the result of regular trash removal by workers. Also, ZJB is subject to the southwest monsoon year-round, and heavy rainfall in the bay usually occurs in the fall and summer (75% of the annual rainfall) [66]. The time of sampling in this study coincided with autumn, and the low abundance of MPs in the bathing seawater corroborated with a large amount of rainfall runoff that washed away the MPs and diluted their concentration [67].




4.4. Mitigation Strategy for MP Pollution in the Bathing Seawater


To develop targeted mitigation actions, a better understanding of the combined causes of regional variability in MP density, weight, composition, and sources in the bathing seawater is needed. Therefore, establishing monitoring programs is essential to facilitate an understanding of changes in MP pollution [68,69]. The abundance of MPs at different tidal periods indicated that relatively large amounts of MPs were found in coastal seawater [70]. The seawater carried MPs from the beaches into the sea at high tide; they appeared in shallow water at low tide, and then were carried into deep water. In the results, the number of MPs gradually increased and then decreased with increasing size, indicating that larger waste plastic fragments mostly split from weathering, oxidation, and into medium plastic fragments, which then continued to split into MPs [71,72]. Therefore, scenic areas should increase cleaning of the small, medium, and large debris, and also strictly control the hygiene of vendors in public places [62,73,74]. The mariculture industry in ZJB was well developed, and plastic materials used in its rapid development were widely used. MPs from lower nutrient levels may ultimately affect human health [75], as human consumption of whole marine organisms in large quantities increases the risk of human exposure to MPs [76]. Therefore, rationed or reduced use of macro-, meso-, and microplastic materials can reduce the impact on the ocean and organisms [77]. Moreover, studies have shown that MPs were mostly white and green in color, foam and fiber in shape, and PS and CE in polymer type, which may be caused by the widespread use of MPs for cleaning products [78], and by the impact of domestic sewage and corporate wastewater discharge on water quality [79]. In addition, CEs could flow with sewage discharge pipes to rivers, and then to the ocean because of their higher density than seawater and their lighter weight. Therefore, the government should control the discharge of domestic sewage, and strictly monitor the discharge of corporate wastewater. In addition, their low density and light weight lead to a great amount of PP and PS floating on the surface of seawater, so it is important to control plastic pollution from the development of the travel and fishing industry.





5. Conclusions


This study collected water samples from the bathing seawater during high, mid, and low tidal periods, respectively. The mean abundance of MPs in bathing seawater was at a low level compared to other areas of seas and bays, and was greatest at mid tide, followed by high and low tides. MPs detected in the bathing seawater were mainly 1–2 mm; white and green colors were the most common; foam and fiber shapes were the most abundant; and PE, PP, and CE were the dominant polymer types. The relationship between MPs of 0.045–5 mm and their abundance was simulated, and MPs of 0.33–5 mm were significantly different from their abundance (p < 0.05). Due to limitations of the survey method, there may have been an over- or underestimation of MP inventory. The inventory of MPs in the bathing seawater was estimated to be 66.2% at high tide, 31.0% at mid tide, and 2.8% at low tide. The results showed that tidal variations greatly impacted MP pollution in the bathing seawater. During the study of tidal variability, relatively few physical parameters were studied, no observations of currents and wind speeds were made, and the time scales of the observations were short. In the future, long-term and large-scale studies should be conducted to further investigate the effects of currents and wind speeds on the fate of MPs in marine ecosystems.
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Figure 1. Geographical location of Zhanjiang Bay (ZJB) (a), Yugang Park Beach (YPB) (b), and detailed information of the bathing seawater sampling stations (H: high tide, M: mid tide, L: low tide) (c). 
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Figure 2. Tidal variations in ZJB coastal water during the investigation period. 
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Figure 3. Abundance of MPs in the bathing seawater affected by the ebb tide. 
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Figure 4. Sizes (a), colors (b), and shapes (c) of MPs in the bathing seawater affected by the ebb tide. 
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Figure 5. Spearman correlation coefficients between MP abundance and MP size (n = 15). Note: * refers to correlations significant at p < 0.05 (two-tailed), ** refers to correlations significant at p < 0.01 (two-tailed), and *** refers to correlations significant at p < 0.001 (two-tailed). 
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Figure 6. Inventory of MPs in the bathing seawater affected by the ebb tide. 
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Table 1. Comparison of the abundance of MPs worldwide.
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	Region
	Sampling Method
	Size
	Average Abundance
	Reference





	Xiamen, China
	Manta trawl
	0.33–5 mm
	514.3 ± 520.0 items·m−3
	[36]



	North Yellow Sea, China
	Steel sieve
	0.03–5 mm
	545 ± 282 items·m−3
	[37]



	South China Sea
	Pump
	0.044–5 mm
	2569 ± 1770 items·m−3
	[38]



	Qingdao, China
	Stainless steel bucket
	0.02–5 mm
	446.8 ± 75.0 items·m−3
	[39]



	The southern coast of the Black Sea
	Plankton net
	0.025–5 mm
	18.7 ± 3.0 items·m−3
	[40]



	Changjiang Estuary, China
	Stainless steel sieve
	0.07–5 mm
	231 ± 182 items·m−3
	[41]



	Jiaozhou Bay, China
	Sieve
	0.02–5 mm
	46 ± 28 items·m−3
	[42]



	Longjiao Bay, China
	Pump
	0.02–5 mm
	1594.2 ± 1352.2 items·m−3
	[43]



	Xiangshan Bay, China
	Stainless Steel bucket
	0.045–5 mm
	890.6 ± 419.4 items·m−3
	[44]



	The shore of Rayong province, Thailand
	Stainless steel sieve
	0.075–5 mm
	1781.5 ± 1598.4 items·m−3
	[45]



	Zhanjiang Bay, China
	Stainless steel sieve
	0.045–5 mm
	210.3 ± 183.0 items·m−3
	This study
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