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Introduction: Transboundary pollution is a major global challenge and monitoring beach litter along international borders can reveal some of the pathways by which litter enters water bodies, and hence advance the implementation of measures to prevent pollution emissions into international waters.

Methods: In this paper, participatory mapping was used to detect beach litter in Imperial Beach, California, along the U.S.-Mexico international border. This study implemented a 3-step protocol including an introductory awareness workshop, a macro-debris survey to categorize and remove beach litter, and a qualitative assessment of pollution drivers.

Results: Results show that plastic litter is the most dominant across all transects (304 debris, 52.6% of all litter observations), with an average density of 76 pieces/transect, with plastic being the most common material. Participants identified some of the major causes of pollution with paucity of waste management facilities, tourism activities near/on the beach, and inflow of pollution across the border.

Discussion: The paper highlights the role of citizen science in monitoring pollution along large and border regions. Implications of this study include methodological and practical contributions to the study of marine pollution to supplement the current paucity of information on pollution movement and distribution.
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1 Introduction

Plastic debris has been documented in all aquatic environments across the world and is estimated to make up 80% of all floating particles (IUCN, 2021; UNEP, 2021). The impact of plastic pollution has become so significant (Andrady and Neal, 2009; Barnes et al., 2009; Thompson et al., 2009) that scientists suggest that we are currently living in a new geological era called “Plasticene” (Stager, 2011; Reed, 2015; Ross, 2018). Understanding the abundance and distribution of plastics across water bodies is fundamental to design and implement pollution mitigation strategies aimed at reducing pollution flows and their associated impacts (Nelms et al., 2022). Yet, identifying pollution types and spatial patterns necessitates great human effort and can be expensive and extremely time-consuming (Salgado-Hernanz et al., 2021). Additionally, data acquisition on transboundary pollution along border regions is especially problematic due to difficulty to trace flows across international waters, lack of unified and consistent monitoring and accounting systems (including measurement systems), and different policies and pollution mitigation strategies (Vito et al., 2022).

Several scholars advocate citizen science as a viable approach for collecting information on plastic pollution via engagement of volunteers in activities such as beach cleanups (Hidalgo-Ruz and Thiel, 2013; Battisti and Gippoliti, 2019; Rambonnet et al., 2019; Nelms et al., 2020, 2022; Fanini et al., 2022). Citizen science can bring several benefits to data collection, including overcoming logistics and financial constraints associated with the employment of trained scientists in the collection of large volumes of data (Nelms et al., 2017, 2022). Secondly, previous studies have demonstrated that citizen science is well-suited for studying large geographical areas (Rambonnet et al., 2019; Nelms et al., 2020; Syberg et al., 2020), and presents great potential for assessing transboundary pollution. Thirdly, the involvement of citizens in pollution monitoring and removal can serve the dual purpose of raising awareness of the scale and impacts of pollution and encouraging local communities to take an active role in pollution mitigation (Dickinson et al., 2012; Zettler et al., 2017; Nelms et al., 2019, 2022). Finally, the engagement of local communities allows to leverage indigenous and local knowledge about the territory to build capacity and empower stakeholders to find local-based solutions (Danielsen et al., 2018; Tengö et al., 2021; Albagli and Iwama, 2022).

Citizen science does not come without limitations. Concerns have raised regarding the quality and accuracy of the information collected by citizen scientists (Kosmala et al., 2016), which may be affected by the different skills of participants (e.g., participation in previous cleanups), their ability to understand and interpret the information (e.g., recognizing materials and types of litter items), as well as errors and biases (Bird et al., 2014). To overcome some of these constraints, a successful citizen science study requires the use of simple and standardized protocols for data collection, which can be easily understood and implemented by volunteer participants with different backgrounds and experience levels (Nelms et al., 2022). Furthermore, collected data require proper analysis (including elimination of errors and outliers) by trained scientists and cross-validation to increase the reliability of the information (Bonney et al., 2009; Zettler et al., 2017).

In this study, we explored the relevance of employing a citizen science approach to track beach litter along the US-Mexico international border, using Imperial Beach (California) as a main case study. Secondly, we characterized and quantified the amount of plastic debris to understand the proportion of plastic out of the collected beach litter. The context of analysis is particularly relevant for this study for two reasons. First, this region has the dual value of representing a complex tourist-commercial area where industrial activities (fisheries, tourist attractions, restoration and recreational services, and maritime transports) are both responsible for generating ocean plastic pollution and affected by its impact. Second, being a bordering region, it offers a unique opportunity to study the transboundary issues of plastic waste management, such as limited traceability of plastics, different policies and measures to allocate resources and keep material flows accountable, and uneven use and communication of data analytics to report about mismanaged plastic waste and pollution (Vito et al., 2022).



2 Materials and methods


2.1 Imperial Beach, California

The City of Imperial Beach is the southernmost beach town in California, located ~5 miles north of Tijuana (Mexico). The investigation was carried out in the context of the Tijuana River (193 km), which originates in the Sierra de Juárez (Ensenada, Mexico) and flows across the international border into the U.S. to end in the Pacific Ocean. The area represents a vulnerable environment because the river is considered the most polluted waterway in San Diego County and one of the top-five most polluted rivers in California due to the influx of waste from Tijuana (Fairey et al., 1998; Van et al., 2012). Here, persistence of waste and pollution can result from (i) lack of debris removal and leakage containment targets; (ii) lack of consistent cleanups and removal efforts; (iii) inefficiency of the existing waste retainment infrastructure, especially due to waste overflowing during wet periods; and (iv) lack of consistent monitoring and waste assessment programs (URS, 2010, 2015; Weston Solutions, 2012; City of Imperial Beach, 2019; San Diego County Parks and Recreation, 2020).



2.2 Beach cleanup

For the analysis, we implemented a 3-step protocol, as prescribed by Hidalgo-Ruz and Thiel (2013), including (1) an introductory activity to raise awareness on marine litter and its impacts and provide the study's participants with basic information on how to collect and categorize litter; (2) a simple sampling protocol for large marine debris; and (3) a post-survey qualitative assessment to reflect on possible causes and impacts associated with beach litter (Figure 1).


[image: Figure 1]
FIGURE 1
 (A) Introductory workshop. (B) Participants collecting beach litter. (C) Participants estimating the visual coverage within a quadrant. (D) Participant showing the most relevant SDGs associated with beach pollution. (E) Beach cleanup supervisors. (F) Post-survey sorting of collected litter items.



2.2.1 Introduction and awareness

Introductory workshops were conducted during the month of April, 2022, at the Preuss School high school, under the University of California San Diego (UCSD), and at the Department of Geography's Metabolism of Cities Living Lab under the Center for Human Dynamics in the Mobile Age at San Diego State University (SDSU), San Diego (California). Workshop participants included high school and university students, teachers, researchers, and university staff. First, all participants were introduced to the topic of marine litter and plastic pollution, including their impacts on the marine environment, possible sources and pathways of marine pollution, and ways in which they could prevent pollution in their daily lives (e.g., reducing their plastic footprint, waste separation at home, etc.). Following, participants were presented with several case studies of participatory mapping and beach litter collection (e.g., Maione et al., 2022) to learn the role and importance of citizen science in data collection and beach litter removal. Thirdly, all participants received the sampling protocol to follow during the beach cleanup. Finally, they participated in a recycling concert. During this concluding activity, participants gave new life to domestic refuse and utilized plastic bottles, plastic cups, home goods containers, aluminum cans, disposable cutlery, and cardboard boxes to create musical instruments.



2.2.2 Sampling protocol

The beach cleanups took place on April 30th, 2022, in South Beach (32°58′ N, 117°13′ W), Imperial Beach (California). Prior to the sampling activities, the authors assessed the site conditions, including weather and tide, safety, and accessibility. Next, they identified the site's boundaries with physical barriers (e.g., separating walls and walking paths), as prescribed by NOAA (Lippiatt et al., 2013) and Intergovernmental Oceanographic Commission (2009), marked the boundaries with flag markers and ropes, recorded their GPS coordinates, and collected photographic evidence.

The sampling area was then divided into four consecutive transects sized 10 × 20 m perpendicular to the shoreline. The transects were selected based on their land uses and characteristics: transect 1 was located in proximity of the pier and closer to tourism and restoration activities; transect 2 was located in proximity of tourism and leisure facilities (e.g., volleyball courts, access to snorkeling tours, etc.); transect 3 was located further from tourism and restoration activities, and closer to the residential area; finally, transect 4 was located near the Tijuana River estuary along the U.S.-Mexico border (Figure 2).
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FIGURE 2
 Map of the study site. (A) City of Imperial Beach, CA. (B) Transects along South Beach, Imperial Beach. (C) Photos showing the main characteristics of each transect. (D) Examples of litter items found on each transect. (E) Litter item count.


Upon arrival, each participant received a sampling kit including a waste characterization table to classify litter items, one pen, one pair of gloves, one litter bag, one quadrant (1 × 1 m), and one strainer to sample within the quadrant. Participants were asked to:

• Record basic information including transect n., GPS coordinates of their assigned transects, photos of the sampling site, weather conditions, sampling date and time, and name of the surveyor.

• Identify and characterize each litter item using the waste characterization table. Waste categories were defined based on MSFD classification and included: cloth/textile, food waste, wood, glass and ceramics, plastics, rubber, paper and cardboard, chemical and hazardous waste, and metal (Fleet et al., 2021). Only debris sized 2.5 cm or larger were surveyed, consistently with NOAA's operating guidelines (Lippiatt et al., 2013).

• Remove identified litter in the respect of personal safety (for example surveyors were asked not to remove hazardous materials, items with sharp edges, or contaminated waste).



2.2.3 Post-survey qualitative assessment

A concluding activity took place after the beach cleanup. During this activity, participants were asked to share their results and reflect on the following questions: (1) Where are the areas where litter is most prevalent? (2) How much litter occurs in the selected study site? (3) What is the litter composition? (4) What are the principal types of material? (5) What are the principal litter items? (6) Does the amount of litter vary across different transects?

Following, based on their personal experience and familiarity with the area, participants were asked to identify possible drivers of marine pollution, including principal waste generating sectors and activities located in the area, and environmental dangers with likely connections to marine pollution and in particular plastic pollution. Finally, they were asked to translate these problems into one or more of the United Nations' Sustainable Development Goal (SDG; UN, 2015).




2.3 Beach litter characterization and quantification

Post-survey, all collected beach litter was brought back to the lab, where the authors analyzed and validated the litter composition analysis. Each litter bag was processed following four steps. Firstly, the authors emptied each bag and re-classified the collected items to confirm (or not) the information recorded by the cleanup participants. Concerning chemical and hazardous wastes, surveyors were instructed to record the item's information but were specially asked not to collect them; hence, these materials were not included in the lab analysis. Secondly, the authors sun-dried all collected waste for a period of 3 h at 27°C. The third step was only performed for plastic waste, consistently with the study's objectives of analyzing the proportion of plastic out of the total collected beach litter. To this end, the authors recorded the amount (kg) of plastic by application. Detailed information on collected plastic items were used to determine density of plastic litter (kg/m2) and transect coverage (n/m2). This information was then used to determine the Clean Coast Index (CCI), defined by Alkalay et al. (2007) as the measure of appearance of plastic litter on the coast. The index identifies five cleanliness categories ranging from very clean (when no plastic litter is seen) to extremely dirty (when most of the beach is covered with plastic litter). Finally, all collected items were stored into separate litter bags for disposal.



2.4 Citizen science data repository

The data collected are stored into a relational database (repository) that record all the different experiences of beach litters. Figure 3 shows the structure of the database for the overall collection of data.
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FIGURE 3
 Entity-Relation structure of the database for collection of citizen science data.





3 Results


3.1 Volunteer participation

The beach cleanup involved 22 participants, including eight high school students aged 18 years old, eight college and graduate students aged 21–36, two teachers aged 50 and 65, respectively, two university staff aged 34 and 51, respectively, and two children aged 10 and 11 with accompanied guardian (Figure 4).


[image: Figure 4]
FIGURE 4
 Demographics of the cleanup participants. (A) Respondents' gender. (B) Respondents' age groups.




3.2 Beach litter composition

The participants returned 18 bags of litter (some participants worked in small groups; Table 1, Figure 5). A total of 578 litter items were collected across the four transects and, out of these, more than half (304 debris, 52.6%) were plastics. Plastic shopping bags, drink bottles, plastic caps and rings from bottle caps, wrappers, straws, and styrofoam containers were among the most found plastic items. Paper and cardboard was the second most common beach litter material (88 items, 15.2%), with paper fragments, paper packaging, paper plates and trays being the most found litter items; followed by metal (48 items, 8.3%), including beverage cans, bottle caps, and aluminum foil, and food waste (33 items, 5.7%). All other waste materials constituted < 5% of the total observations, respectively. For transect 1, the surveyors collected 4 bags of litter, for a total of 206 litter items, including 92 (44.7%) plastic items, 34 (16.5%) paper and cardboard, 24 (11.7%) metal pieces, and 20 (9.7%) chemical and hazardous waste (not collected). Concerning transect 2, the surveyors collected five bags of litter filled with 125 L items. Of these, 83 (66.4%) were plastics and 10 (8.0%) were rubber. The surveyors collected 4 L bags on transect 3, for a total of 111 L items, including 49 (44.1%) plastics, 17 (15.3%) paper and cardboard, and 15 (13.5%) food wastes. Finally, 5 L bags were collected on transect 4, filled with 136 L items. Of these, 80 (58.8%) were plastics, 29 (21.3%) were paper and cardboard, and 11 (8.1%) were food wastes.


TABLE 1 Imperial Beach litter composition analysis by transect (N = 578).

[image: Table 1]


[image: Figure 5]
FIGURE 5
 Beach litter composition analysis by material and litter type and transect (N = 578).




3.3 Occurrence and abundance of plastic debris

As shown in Table 1 above, plastic was the most prevalent litter type on all transects, with an average density of 76 pieces/transect. Table 2 presents an overview of the plastic coverage for the four selected transects. Plastic litter was recorded by all surveyors, with an average of 12.3–23 plastic items per surveyor/group. For transect 1, we recorded the highest frequency of plastic pollution, with 92 items weighing ~2.5 kg, but the lowest plastic density (0.01 kg/m2). The most common plastic items collected by our surveyors were chips/sweets wrappers and other wrappers, straws, plastics caps/lids, plastic tags, plastic shopping bags, and COVID-19 masks. For transect 2, we recorded 83 plastic debris weighing 4.9 kg, with a density of 0.02 kg/m2. Common plastic items included plastic cutlery, wrappers, styrofoam containers, and COVID-19 masks. Transect 3 reported the lowest frequency of plastic pollution, for a total of 49 plastic debris weighing 3.0 kg, with a density of 0.02 kg/m2. Examples of common items found in transect 3 include wrappers, cigarette butts, and polystyrene pieces. Finally, transect 4 reported the highest density of plastics, with 80 pieces weighing ~8.2 kg, for an average density of 0.04 kg/m2. Examples of common items found in transect 4 include polystyrene pieces, wrappers, and straws. For all transects, the CCI was moderate (CCI = 5–10), with transect 1 presenting the highest value (CCI = 9.2) and transect 3 presenting the lowest value (CCI = 5).


TABLE 2 Amounts and types of collected plastics.

[image: Table 2]



3.4 Qualitative assessment

Post-survey, we asked all participants to share their findings and comment on similarities and differences among the four transects through a community perception survey (Table 3). The citizen engagement was influenced by the Delphi method to collect citizen perception and attitudes during the intervention (Cunha et al., 2022). Participants were interviewed and guided through a series of discussions on key issues related to coastal pollution in the 4 transects. The connection with the UN SDGs was introduced by aligning the discussions with specific SDG references within the local context, ensuring that the outcomes were practical and relevant to Imperial Beach. Before the interviews, participants were given an overview of the SDGs to enhance their knowledge and provide context for the discussion. Participants shared their knowledge, concerns, and recommendations on similarities and differences among the four transects. This qualitative research method involves collecting and analyzing the perspectives and experiences of community members to gain insights into their views on environmental issues and the outcomes of specific interventions. Moreover, participants acknowledged that plastic accumulations varied among the transects and identified possible causes in different land uses and beach activities occurring in proximity of each transect. For example, participants from transect 1—the transect with the highest plastic frequency—observed that the insufficient presence of trash cans, especially near commercial and food activities, or the lack of information about the location and use of existing trash cans were major drivers of littering. According to their experience, commercial and food packaging were the main sources of plastic on transect 1, which was also reflected by the higher presence of plastic tableware, food and other wrappers. Based on their observations, participants raised the need to mitigate beach pollution by improving local infrastructure (SDG9) and implementing sustainability initiatives involving local and tourist communities (SDG11).


TABLE 3 Imperial Beach's community perceptions on beach pollution and its drivers by transect.
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Concerning transect 2, participants noticed that the presence of tourism and leisure activities contributed to a widespread presence of plastic debris across the entire transect. In particular, they observed a majority of plastic tableware and bottles, as well as personal equipment (e.g., masks). Participants suggested the need to implement sustainability measures (SDG11) to foster and incentivize sustainable consumption of plastic, responsible behaviors, and pro-environmental practices during leisure activities (SDG12).

With regard to transect 3, surveyors noted that the transect presented the lowest frequency of plastic debris. According to their experience, a possible explanation is that the transect was located in a residential area further away from tourism uses, and therefore is less exposed to dwellings and beach users. However, participants found a fair amount of cigarette butts and house goods which, in their opinion, were linked to the houses' direct access to the beach. Hence, they suggested the necessity to implement sustainability measures (SDG11) and responsible consumption behaviors (SDG12) across the households with direct access to the beach.

Finally, all participants agreed that transect 4 presented the higher density of plastic debris. Unsurprisingly, participants noted that the proximity of the international border was a major contributor to pollution, and in particular plastic pollution, on transect 4, including littering activities, transboundary pollution flowing across rivers and outflows, and waste being washed ashore. Notably, participants reported a higher presence of microplastics, such as nurdles. For what concerns possible solutions to mitigate pollution in the area, they suggested the urgency to protect land and sea wildlife, with particular attention to the wildlife refuge located along the border (SDG14). Second, they raised the need to implement sustainability measures on both sides of the border (SDG11). Third, it was suggested that information and awareness campaigns on plastic pollution and its impacts on the local ecosystems are needed, especially to sensitize communities on the effects and risks associated with transboundary pollution (SDG4). Finally, some participants mentioned that water and sanitation was a major issue in the area, especially due to the lack of wastewater treatment and the frequent runoff of chemicals and sewage, which impair beach activities and can cause severe damage to human and environmental health (SDG6).




4 Discussion

Our study presents the results of a beach cleanup conducted in Imperial Beach, California, along the U.S.-Mexico border. The findings of our analysis records the quantity, entity, and magnitude of marine pollution, and specifically plastic pollution, through a detailed comparative analysis of four transects. The implications of this study provide useful information on the nature and distribution of plastic wastes on the coastal line. This information is useful to orient policies and capillary intervention both to interventive and preventive action.

Citizen science initiatives such as beach cleanups are globally spreading thanks to their power to include communities, activate and spread awareness on environmental topics. From a practical point of view, a combination of citizen science approaches represents an effective understanding to reduce the amount of pollution in the environment (Nelms et al., 2022). From a scientific point of view, it offers an opportunity to gather insightful, real-time, and consistent data on abundance, distribution, and composition of plastic accumulations across larger areas, such as international borders. Additionally, as researchers, learning from residents exposed to environmental injustices and polluted beaches can enhance our understanding of local challenges.

This study uses the UN SDGs as a framework to guide our efforts, influenced by the Marine Strategy Framework Directive where marine litter is established as a descriptor and quantified accordingly. This approach is beneficial to localize the UN SDGs by pinpointing specific goals and references to devise practical solutions tailored to local governments. The proposed approach aims in fact to identify actionable goals and strategies inspired by the SDGs to address specific local challenges related to coastal pollution (Campbell et al., 2019; Fritz et al., 2019; Fraisl et al., 2020). Furthermore, engaging in a multifaceted approach to citizen science involving beach cleanup protocols, waste categorization, and community surveys offers a robust and comprehensive strategy for creating awareness about waste in coastal tourism areas.

In particular, the data presented in this study have the dual value of providing insights on perception and behaviors related to plastic pollution on beaches, hence expanding our understanding of the impacts of beach users on the provision of ecosystem services (e.g., cultural services including societal goods and benefits), which integrity is jeopardized by the growing threat of mismanaged waste and pollution in the coastal environment, which can eventually lead to alteration of the original functions (Defeo et al., 2021).

Secondly, the findings of this study provide consumers with evidence-based quantitative data on waste mismanagement, which could be used to support guidelines for the proper waste disposal at the household level and promote responsible behavior during beach visits to prevent pollution. When considering connecting households' role in change and transnational issues, it is essential to consider how individual actions at the household level can influence broader, transnational environmental issues. By fostering responsible waste disposal practices and promoting environmental stewardship within households, we can create a cumulative effect that contributes to global sustainability efforts. Household level changes can reduce local pollution, which in turn can lessen the burden on transnational waterways and coastal areas. This connection underscores the importance of grassroots efforts in tackling global environmental challenges.

Our findings resonate with those of previous studies employing citizen scientists in data collection: implementing a structured beach cleanup protocol, as outlined and conducted by scholars (Nelms et al., 2017, 2022), not only educates participants in environmentally friendly practices, but also enables the collection of valuable data on the extent and nature of beach pollution. Secondly, waste categorization, as demonstrated by Rochman et al. (2015), deepens the analysis by providing insights into the sources of pollution and the potential impact of nearby land uses. Thirdly, scholars such as Ottinger (2017) and Ottinger and Cavalier (2016), add a crucial human dimension, revealing community perceptions, behaviors, and experiences related to beach pollution.

Finally, participatory mapping is a well-known practice that can contribute to building community cohesion, help to engage participants to be involved in resource and land-related decision-making, raise awareness about pressing land-related issues and ultimately contribute to empowering local communities and their members (Mwandundu, 2009; Vito, 2018). Participatory approaches in spatial analysis are rooted in the implementation of Participatory Rural Appraisal (PRA) methods during the 1980's. Their success shows the fast growth of people's participation (Oakley, 1991). As a result, from the very birth of the concept of participatory mapping (Denwood et al., 2022), citizen science data have been used extensively in studies on biodiversity and pollution, and crowdsourced data are increasingly used by UN operational agencies (de Sherbinin et al., 2021).

While this study proposed a hybrid beneficial approach, future research should address certain limitations. For instance, the subjective nature of community surveys may introduce bias, and researchers should explore ways to mitigate this (Conrad and Hilchey, 2011). For example, collecting data in a biased way inevitably leads to the production of low quality data (i) bad data processing, mainly caused by the fact that when amateurs collect data through cheap, unverified, uncalibrated sensors, the immediate fear is to have “junk data”; and (ii) the observer effect, related to the fact that observation generally specifically alters human behavior and thus the process of measure (Cuff et al., 2008).

Additionally, long term studies could enhance our understanding and behavioral change. Moreover, incorporating emerging technologies, such as machine learning and remote sensing, could provide a more accurate analysis of pollution patterns and aid in developing targeted interventions for pollution mitigation in coastal areas. Despite these considerations, the integration of diverse citizen science methods remains a promising avenue for advancing both knowledge and awareness of beach pollution.

To address these issues, the protocol proposed in this study included the preliminary training of participants on both general and specific goals of data acquisition, and a follow-up activity to qualitatively map the interconnections between the observed issues and the SDGs. The development of such citizen-centric protocol has the dual value of fostering awareness on the overall global goal of plastic pollution in the sea and related SDGs (Maione et al., 2022), and bridging existing gaps in citizen science databases via standardization of sampling procedures in a simple, clear, and understandable manner. The standardized acquisition protocol is indeed pivotal to validating the accuracy of citizen science data, while it also provides practical and policy implications.

In this way, not only does citizen science contribute to create awareness among participants and finally community but also allows to have data on debris density over controlled areas that can estimate material flows related to activities on the performed area: by classifying the type of litters collected and georeference the point of collection is indeed possible to reconduct to the possible types of anthropogenic activities at the source of the waste and thus plan localized strategies to address plastic pollution problem.



5 Conclusion

This is the first study of its kind to use citizen science to map transboundary pollution along the U.S.-Mexico border. The current study proposes an easy and replicable methodology to detect and monitor beach litter via participatory mapping, beach cleanup protocols, and community perception surveys. The study can be applied in other ways to enable inquiry of other border areas and larger coastal regions. Our findings revealed that plastic was the most dominant material on all surveyed sites, and possible sources of plastic pollution were identified with commercial and leisure activities, households, and pollution inflows across the U.S.-Mexico international border. However, some limitations of the proposed approach are associated with the involvement of citizen volunteers. Our analysis can supplement the current paucity of data on transboundary pollution in general, and on plastic pollution in the Southern California and the Baja California region in particular, hence informing decisions on beach and coastal management. Transboundary pollution is a significant issue that needs to be addressed, particularly in beaches with high concentrations of pollution (sewage, bacteria, viruses, parasites, fertilizers, pesticides, radioactive substances etc.) along the US-Mexico border, indicating increased awareness and a willingness to contribute to achieving the UN SDGs for surfers, fishermen, citizens, tourist, and all types of people. Finally, future research could investigate the extent and distribution of beach pollution on both sides of the border to compare material information and draw cross-national implications.
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