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We conducted a nationally-representative survey of United States (U.S.) adults (n=1,960) in 2021 to gather insights on the knowledge, perceptions, and concerns about threats to the ocean, with a specific focus on plastics and microplastic pollution. Responses from the U.S. adult survey group were compared to a group of highly-engaged, Ocean Conservancy members who are very attuned to ocean issues (n=882). Ocean Conservancy is a U.S.-based nonprofit environmental advocacy group working to protect the ocean from today’s greatest challenges. Plastic pollution was the primary ocean concern identified by both U.S. adults and Ocean Conservancy members, surpassing eight other threat categories including oil spills, chemical and nutrient pollution, and climate change. Broad concern was reported for both study groups about the impacts of ocean plastics on marine wildlife, with human health and coastal community impact concerns being less prominent. About half of U.S. adults and 90% of Ocean Conservancy members had heard of microplastics. Both study groups indicated widespread support for microplastic pollution prevention measures in the U.S. and believed industry to be most responsible for taking action to address it. Ocean Conservancy members were generally better informed and more concerned about plastic pollution impacts and microplastics than U.S. adults and reported significantly greater levels of personal action to reduce their plastic footprint when compared to U.S. adults. In general, U.S. adults reported a willingness to refuse single-use plastics, but less frequently brought personal food containers to restaurants for takeout, or contacted local representatives or businesses about reducing plastic waste and pollution. Overall, our survey results provide new insights about public understanding of ocean threats and plastic pollution, willingness to participate in individual plastic-reduction actions, and support for needed solutions.
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1 Introduction

The increasing production of plastics since the mid-20th century, in combination with unsustainable waste management, has led to a plastic pollution crisis (Kaza et al., 2018). As plastic is made from fossil fuels, plastic production is intrinsically linked to climate change and its continued production and pollution has only exacerbated the impacts of our warming planet (Ford et al., 2022). In recent decades, plastic pollution has gained substantial attention due to its visibility as a physical pollutant (Bucci et al., 2020; Mehinto et al., 2022) and global ubiquity as a contaminant (Borrelle et al., 2020); however, trends in both plastic production and plastic pollution are only increasing. Plastic pollution in the ocean has increased since the turn of the century (Eriksen et al., 2023) and it is now documented in every ecosystem. Plastics are found in remote pockets of the ocean, lakes and rivers, sea ice, snow, soil, the atmosphere and wildlife (e.g., Lusher et al., 2015; Barboza et al., 2018; Villarrubia-Gómez et al., 2018; Corradini et al., 2019; Zhang et al., 2020). In the environment, plastics pose a grave threat to ecosystem health. For example, wildlife ingest, are smothered by, and become entangled in plastics, which can simultaneously leach toxic chemicals and transport hitchhiking invasive species and pathogens (Li et al., 2021). Plastic pollution is no longer a future concern for humans, it now pervades our daily lives. For example, plastics, in the form of micro- (<5mm) and nanoplastics (<100 nm), contaminate human bodies via the foods we eat, beverages we drink and the air we breathe (Mohamed Nor et al., 2021). Studies have demonstrated consumption of plastics can cause inflammation, oxidative stress, and DNA damage in human tissues (Zuri et al., 2023) Plastic pollution is now regarded as a global threat for which many have called for urgent and coordinated action to mitigate further harm (Borrelle et al., 2020; MacLeod et al., 2021; Lavers et al., 2022; Persson et al., 2022).

Although public perceptions of ocean and microplastic pollution in the United States (U.S) remain understudied, research has shown that a significant proportion of the American public do not fully understand the extent of human-caused environmental damage from other global crises such as climate change (Leiserowitz, 2005; Ratter et al., 2012). Many also treat this environmental issue as psychologically ‘distant’ - something that will impact others in remote locations, and not for some years to come (Whitmarsh and Capstick, 2018). Although there is broad public awareness of such environmental issues, a lack of deeper understanding of the impacts, and a willingness to change individual behaviors has typically been attributed to lack of knowledge, with some differences attributed to gender and age (Semenza et al., 2008). As with climate change, plastic pollution is often treated as a ‘distant’ issue, with different perceptions and support for management actions expected between different demographic groups (Henderson and Green, 2020; Garcia-Vazquez and Garcia-Ael, 2021).

Each year, the body of scientific research on the prevalence and impacts of macro- and microplastics in the environment grows (Iroegbu et al., 2021; Kasavan et al., 2021; Ali et al., 2022), but social science research on these topics lags in comparison (Pahl et al., 2017; Henderson and Green, 2020). Social science allows us to better understand public perceptions of plastic waste, pollution and solutions, which can inform interventions and increase success of pollution mitigation measures (Hartley et al., 2015; Pahl and Wyles, 2017). By documenting public knowledge about ocean plastic and microplastic pollution, decision makers can tailor policies to align with community support for certain changes, and also identify areas where increased public knowledge is needed (Laroche et al., 2001; Steel et al., 2005; McKinley and Fletcher, 2012).

The U.S. is the world’s largest producer of plastic waste per capita (Law et al., 2020), yet to date no peer-reviewed social science study has focused on U.S. public perceptions of both macro and microplastic pollution. Previous research has investigated public perceptions and understanding of macro and microplastic pollution at several scales, including specific communities, states, single countries or multiple countries. The aim of such surveys has included understanding public knowledge and risk perception (Deng et al., 2020; Forleo and Romagnoli, 2021; Kramm et al., 2022; Walker et al., 2023), and informing research or policy agendas (Davison et al., 2021; Walker et al., 2021; Molloy et al., 2022).

Due to its high visibility and the known impacts of plastics on planetary health, some members of the U.S. public are extremely interested in, and driven by, the issue of plastic pollution. Those individuals may gravitate toward conservation-focused Non-Governmental Organizations (NGOs), which they support either through financial donations, in-kind donations, as followers on social media, attendance at events or other means. Ocean Conservancy is a U.S.-based ocean conservation NGO that works to protect the ocean from today’s greatest global challenges in pursuit of a healthy ocean and the wildlife and communities that depend on it (Ocean Conservancy). As of September 2023, Ocean Conservancy has over 160,000 members in the U.S.; members receive regular communications about plastic pollution (among other topics), providing them with information in the form of newsletters, links to blog posts about specific topics such as research on microplastics and human health, campaigns to join and provide support, and suggestions for other ways to take action. We hypothesize that this regular communication helps retain these topics at the forefront of people’s minds and through the provision of information this increases their knowledge and accurate perceptions of risk. By becoming actively involved in solutions on an individual level, this further provides motivation to support larger plastic pollution mitigation measures such as national scale legislation and policy.

In this study, we used a social survey distributed via an online panel to U.S. adults (18+ years in age) and among a selection of ‘highly engaged’ Ocean Conservancy members. For each of our study groups, our aims were to better understand: 1) Perceptions of ocean health and threats; 2) Perceptions of ocean plastic pollution and impacts; 3) Understanding and perceptions of microplastic pollution and impacts; 4) Opinions about who bears responsibility for actions to tackle plastic and microplastic pollution; and 5) Willingness to take individual actions to tackle plastic pollution.

Our goal is to provide data for the general adult American public from which future studies can measure evolving attitudes and behaviors. We also compare and contrast those findings with responses from members of Ocean Conservancy, an ocean conservation NGO who have strong existing relationships or ties to the ocean. Ocean Conservancy members served as a comparison group to the U.S. adult population, as we hypothesized they would have higher-than-average literacy and resulting concern regarding ocean issues, including for ocean plastic pollution and microplastics, and higher-than-average levels of support for plastic reduction measures. Our findings can be used to support proposed policy actions aimed to reduce plastic pollution, aid in communication about various facets of the issue and inform future plastic pollution management and mitigation actions.




2 Materials and methods

Ocean Conservancy, with support from Edge Research, conducted a nationwide survey of US adults between October 23 – November 23, 2021, following the American Association for Public Opinion Research best practices in data collection (University of Toronto IRB Protocol #29347; Supplementary Figure 1). Data were collected using the Qualtrics survey platform. All survey recruits underwent an opt-in process to participate and were required to verify that they were 18 years of age or older. Participation in the survey was voluntary and respondents could opt out at any time. No personal identification information was collected from survey respondents and all individual survey responses were confidential and anonymous. Only surveys that were completed were analyzed.



2.1 Survey questions

Survey questions included categorical demographic questions, Likert-Scaled questions (positive or negative responses to a statement), interval questions on awareness, attitudes, concerns and support for various public policies and personal actions regarding microplastics, and open-ended questions to capture respondents’ thoughts and questions about microplastics (Supplementary Figure 1). Respondents were required to answer all questions except open-ended questions, but ‘not sure’, ‘don’t know’, and refusal options were offered for most questions. Numeric response questions regarding frequency, type and amount of protein consumption (seafood, meat, and plant-based) in the diet were posed only to the U.S. adult study group, with the intention for these data to be used in a future study estimating U.S. adult exposure to microplastics through consumption of commonly-consumed foods (Milne et al., 2023).




2.2 Survey participants

U.S. adult respondents were recruited using an online, non-probability sample obtained via a national opt-in consumer research panel. Respondents were not directly compensated for taking individual surveys; however, they accrued points as they participated in surveys which they were able to convert to compensation. Respondent demographic information was recorded, and quotas were set to ensure the sample would be demographically and geographically distributed in accordance with 2020 U.S. Census Bureau population estimates (American Community Survey dataset ACSST5Y2020). Once the desired quota of each age, gender identity, state of residence, race and ethnicity category was reached, no additional respondents were accepted for that group. Only U.S. adult respondents were asked questions about protein consumption. A subset of 1,431 seafood consumers analyzed in this paper were defined as those who self-reported eating seafood at least once a month. The 560 non-seafood consumers are those who reported eating seafood a few times a year or less. Ocean Conservancy-connected respondents originated from a pool of roughly 23,000 highly-engaged members (defined as those who had engaged via email with Ocean Conservancy at least twice in calendar year 2021). Those individuals were sent a basic introductory email (Supplementary Figure 2) with a unique link to complete the survey. Only responses from individuals who resided in the U.S. were reported. Demographic information was collected from Ocean Conservancy members, but demographic quotas were not set for the Ocean Conservancy member survey group as they were for U.S. adults.




2.3 Data analysis

Data tabulation was completed in SPSS Dimensions V.7.0.1. No weighting was applied to the data. Statistical tests were performed using the SPSS Columns Proportion Test formula, done separately for each relevant pair of columns within each relevant row. This test analyzes whether the proportion of respondents in one column is significantly different from the proportion in the other column. The test may not be valid for samples of fewer than 30 cases and was not applied in those instances. It is a two-tailed test, which reports all significant differences between the proportions in all of the columns regardless of which columns contain the greater proportions. Data were tested at the 95% confidence level; only values of p ≤ 0.05 are reported as statistically significant differences.





3 Results

In total, 1,960 U.S. adults from the general public and an additional 882 Ocean Conservancy members provided complete survey responses which were included in these analyses. For the U.S. adult survey, a total of 5,902 respondents entered the survey and of those, 20 did not qualify to take the survey (below the age of 18), 3,821 were turned away because of quota-filling, and 101 responses were removed for poor data quality. For the Ocean Conservancy member survey, emails were sent to 23,000 highly-engaged members.

Different demographic characteristics were observed between U.S. adults and Ocean Conservancy members. U.S. adult respondents included approximately equal proportions of male and female respondents. Most respondents (66%) had an education lower than a college degree, and a majority identified as white by race (62%). Most respondents were from Southern states (38%) and lived over 50 km from the coast (55%). Compared to the general U.S. adult population, Ocean Conservancy members were older, proportionally more female, reported a higher level of education, were more concentrated in the West and Northeastern regions of the U.S., were a higher proportion Caucasian, and lived closer to the coast than the general U.S. public (Supplementary Figure 3).



3.1 Impressions of ocean health

To evaluate U.S. consumers’ awareness of issues related to ocean plastic, respondents were asked about their impressions of ocean health including water quality, as well as the health and abundance of marine life and habitats. Of U.S. adults, the largest percentage had a positive perception of current ocean health (41% total; 14% very good health; 27% somewhat good health). Just over a quarter (28%) perceived the ocean to have fair health, while 27% perceived the ocean to be in poor health (17% somewhat poor health; 10% very poor health). In contrast, 65% of Ocean Conservancy members perceived the health of the ocean to be poor (29% somewhat poor; 37% very poor).

Of all recorded demographics, age and proximity to the ocean most impacted U.S. adult opinions of ocean health. Older respondents (>50 years) had a significantly more negative perception of current ocean health compared to younger respondents (p<.01), as did those living greater than 50 miles from the ocean compared to those living within 50 miles from it (p<.01; Figure 1).




Figure 1 | Percentage of U.S. adults that rank the ocean as being healthy (either somewhat or very healthy) by age and proximity (miles) to the ocean. Fewer older respondents reported positive perception of current ocean health than younger respondents, as did individuals living 50 or more miles from the ocean relative to those living less than 50 miles from the ocean.



Following questions about ocean health, respondents were asked to assess which of nine issues related to ocean health were a pressing problem for today, a problem for tomorrow, or not much of a problem. Respondents considered all proposed problems to be pressing for the near or immediate future, with only 5%-13% rating any given item as “not much of a problem” (Figure 2). Plastic pollution was viewed as the most pressing problem for today by 78% of respondents. This was significantly higher than the 72% that rated oil spills as the most pressing problem today (t=2.168; p<.05). Other pollution-related issues, including chemical pollution (69%) and nutrient pollution (68%) were perceived to be the next most pressing concerns. Notably, climate change lagged as an ocean related concern, ranking sixth (59%) among the nine listed problems, significantly lower than pollution concerns from chemicals or nutrients (69% and 68%, respectively; p<.01) and on par with concerns about declining sea life populations (60%) and lack of marine protected areas (58%).




Figure 2 | U.S. adult rankings of nine prominent ocean threats as either a 'pressing problem for today', a 'problem for the future', or 'not much of a problem'. Plastic pollution is seen by the highest percentage of U.S. adults as a pressing problem for today, but other pollutants (oil, chemicals) are also top concerns. The vast majority of the U.S. public recognize all nine of these issues affect the ocean in the immediate term or future, with only a small proportion (<13%) rating some issues as being not much of a problem.



Among Ocean Conservancy members, concern for all nine ocean threats was universally high, with 80% of respondents ranking every threat as a pressing problem for today. Concern was significantly higher than general U.S. adults for every issue tested, ranging from 21% more respondents rating plastic pollution as a pressing problem for today (99%; p<.01), to 36% more respondents rating lack of protected areas as a pressing problem for today (94; p<.01; Figure 3).




Figure 3 | Comparative difference (in percentage) of U.S. adult and Ocean Conservancy (OC)-connected individuals' rankings of nine prominent ocean threats classified as a 'pressing problem for today'. Plastic pollution is seen by both study groups as the highest-ranking problem facing our ocean today. OC-Connected supporters ranked every ocean threat more pressing than did the general U.S. adult population; statistically significant differences between U.S. adult and Ocean Conservancy member responses were present for all 9 items (p<.01).






3.2 Perceptions of ocean plastic pollution and its impacts

Respondents that rated plastic pollution as the most or second most pressing problem compared to other issues were then asked from a list of specific issues which were most concerning about marine plastic pollution. Of the issues presented, impacts to marine animals were the primary concern about marine plastic pollution for both U.S. adults and Ocean Conservancy members (Figure 4). Specifically, 30% of U.S. adults rated the risk of entanglement and injury to marine animals as one of their top two concerns, 29% ranked marine animals eating plastic in their top concerns, and 28% assigned chemicals leaching into the environment or organisms in their top concerns. One other concern was the sheer volume of plastic in the ocean, with 25% of U.S. adults selecting this as one of their top two most concerning issues (Figure 4). Concern regarding the volume of plastic in the ocean was particularly strong within the youngest age cohort (18-24 years old; 32%). These top four concerns were all significantly higher (p<.01) than the next highest concern about human health impacts (selected by 18%).




Figure 4 | Responses to individual rankings of [combined] first and second place concerns about ocean plastic pollution among U.S. adults who believe plastic pollution is a pressing problem of today or problem for the future (n= 1,786) and Ocean Conservancy (OC)-connected respondents (n=882) who believe plastic is a pressing problem of today or problem for the future (100%).



U.S. adults and Ocean Conservancy members agreed on their top ocean plastic concerns and were the least concerned about aesthetic impacts of plastic trash ruining beautiful places (U.S. adults 10%; Ocean Conservancy members 3%) or a disproportionate impact on coastal communities (U.S. Adults 9%; Ocean Conservancy members 3%; Figure 4). This was true even among those living within 20 miles of the coast with only 13% of U.S. adults rating coastal community impacts as a top two concern about plastic pollution; for Ocean Conservancy members living within 20 miles of the coast, only 3% cited coastal community impacts as a top concern.




3.3 Microplastics: awareness and concerns

Approximately half of the U.S. adult population (49%) had heard of the term ‘microplastics’, but of those, only 18% reported being ‘very familiar’ with the topic. Most (58%) were somewhat familiar, and 24% were not very familiar with the term microplastics. Regarding specific concerns about microplastics, almost half (48%) of U.S. adults indicated they were very concerned about microplastics in the environment, compared to 41% who were very concerned about human exposure to microplastics. Respondents who reported eating seafood weekly or more had significantly higher levels of concern over these issues compared to the general U.S. adult population, with 56% and 49% marking ‘very concerned’ about microplastics in the environment and human exposure, respectively (p<.05).

In contrast, almost twice the proportion of Ocean Conservancy members (91%) had heard about microplastics compared to U.S. adults. Of U.S. adults, 19% reported being very familiar and 69% were somewhat familiar with the term microplastics. Along those lines, a significantly higher proportion of Ocean Conservancy members (91%) expressed being very concerned about microplastics when compared to U.S. adults (55% very concerned; p<.05). Ocean Conservancy member rankings of being very concerned was consistent with rankings by U.S. adults; concerns about impacts of microplastics on the environment were significantly higher (86%) than concerns arising from human exposure to microplastics (65%; p<.01).

Those aware of microplastics prior to the survey were asked to rate the extent to which they believe microplastics are a threat in various environments (i.e., ocean ecosystems, ocean animals, freshwater ecosystems, freshwater animals, terrestrial ecosystems, terrestrial animals, and human health) using a 5-point scale. Among U.S. adults, the most important threats were perceived to be related to ocean animals and ecosystems, followed by freshwater animals and environments, human health, and then terrestrial animals and environments (Figure 5). This result mirrors earlier responses regarding concerns over plastic pollution in general, with a pronounced focus on ocean fauna. The perceived ‘somewhat/very significant’ threat to ocean animals and ocean ecosystems (87% and 86%, respectively) were significantly greater than perceived ‘somewhat/very significant’ threats to terrestrial animals and terrestrial ecosystems (77% and 79%, respectively; p<.05).




Figure 5 | Percentage of respondents that answered 'somewhat' or 'very significant' to the question "How significant a threat do you think microplastics are to the following..." by U.S. adults (n= 1,960) and Ocean. Conservancy (OC)-connected individuals (n= 882). Those connected to OC had more intense concerns on all potential ecosystem impacts compared to U.S. adults as a whole.



Concern for microplastic threats among the Ocean Conservancy members was significantly higher (p<.01) than U.S. adult respondents for every example tested, with the same pattern of greatest concerns for ocean-related impacts (ocean animals 100% somewhat/very significant threat; ocean ecosystems 100% somewhat/very significant threat); followed by freshwater impacts (98% respectively for freshwater animals and ecosystems) and terrestrial impacts (terrestrial animals 96%, terrestrial ecosystems 95%; Figure 5).




3.4 Impact on perceptions after providing microplastics information

After gathering initial impressions, respondents were presented the following information regarding microplastics:

‘Microplastics are plastic pieces that are less than five millimeters in length (or about the size of a sesame seed). These tiny plastics with different sizes, shapes, colors and formulations enter the environment where they break up into smaller and smaller pieces, persisting from decades to thousands of years. Microplastics come from a variety of sources, including from larger plastic debris, tires wearing down during use, and clothing and textiles made from synthetic materials. Manufactured microplastics may intentionally be added to cleaning products, coatings, or cosmetics, and are so small, they become airborne and also easily pass-through water filtration systems, winding up in soils, lakes, rivers, and the ocean.’

After reading this, survey respondents were asked to re-rank their level of concern about microplastics, to gauge any possible change in perspective after being introduced to new information. After the passage was read, U.S. adults expressed higher levels of concern about microplastics than they had before reading the passage, with the percentage of people being very concerned increasing from 55% to 66%. Degree of concern was also correlated with frequency of seafood consumption, with greatest concern among those that consume seafood weekly (or more frequently than weekly; 64%), followed by monthly consumers (53%) and those who eat seafood a few times a year or less (47%).

Survey respondents were then shown a series of concerns about plastics and microplastics in the environment and asked to rate how much each issue concerned them on a five-point scale. Responses showed that every issue was similarly concerning, with responses ranging from 58% that were very concerned about the emission of chemical pollution into the air from the process of plastic production from fossil fuels, to 67% who highlighted that they were very concerned that microplastics are nearly impossible to effectively clean up once they have been released into the environment (Figure 6). When these issues were presented to Ocean Conservancy members, between 98-100% ranked every one of the issues presented as being ‘very concerning’, highlighting widespread unease for each of the outlined concerns about plastics and microplastics in the environment.




Figure 6 | U.S. adult reports of being 'very' or 'somewhat' concerned about various impacts of microplastic pollution after reading an informational passage on microplastics. While microplastic persistence, pervasiveness and entry into the food chain are top concerns, the information generated high concern overall with few major differences detected among topics.






3.5 Taking action on microplastics and plastic pollution

When asked to select the entity most responsible for reducing the use of plastics and preventing microplastic pollution from increasing, the U.S. public acknowledged that all stakeholders play a role. The greatest responsibility was directed to the plastic industry (manufacturers and producers; 41%). Government was ranked as the second most responsible, though significantly less so than industry (p<.05; Figure 7). Although most of the current government action to reduce the prevalence of single-use plastics has come from the local level, 19% of U.S. adults found the Federal government significantly more responsible for plastic reduction than state (6%) or local (4%) governments (p<.01). Some responsibility was also placed on consumers (18%). Ocean Conservancy members largely agreed with the general public, with few significant differences in responses between U.S. adults and Ocean Conservancy members, though Ocean Conservancy members did place significantly greater responsibility on the plastic industry (manufacturers and producers) to reduce the use of plastics and prevent microplastic pollution from increasing than did U.S. adults (p=.01; Figure 7).




Figure 7 | Responses to the question "Who do you think has the most and second most responsibility to reduce the use of plastics and prevent microplastic pollution from increasing?". Both the U.S. public and Ocean Conservancy (OC)-connected respondents placed responsibility for action first on the plastics industry, then on government (federal, state and local), and finally on consumers, with a small percentage reporting being 'not sure'.



Our survey also measured support for a series of policy actions to combat the amount of microplastics entering the environment, water supply, and ocean; Environmental Protection Agency (EPA) regulation of the discharge of plastic into waterways, phasing out single use plastics through federal regulation, local/citywide plastic bag bans, contributing time or money to campaigns against single use plastic, mandating filtration of microplastics in all washing machines, and a government-funded assessment of the risk to human health from exposure to microplastics all received support. Respondents showed broad support for regulatory action to prevent microplastic pollution. For example, of U.S. adults, 85% either somewhat or strongly supported requiring federal agencies to regulate nurdle (pre-production plastic pellet) discharge. Despite considering local governments to be among the least responsible for plastic reduction, 82% of the U.S. public either somewhat or strongly supported the passage of municipal plastic reduction measures such as bag bans and requirement for paper-based restaurant carryout/delivery containers (with 54% strongly supporting; Figure 8).




Figure 8 | Those who responded 'somewhat' or 'strongly support' for each listed action when asked the question: "Below are some actions that could be taken to stop the amount of microplastics entering the environment, water supply and ocean. For each, do you...?" by U.S. adults and Ocean Conservancy (OC)-connected individuals. Response options included: Strongly support, somewhat support, undecided, somewhat oppose, and strongly oppose. Among U.S. adults, there was broad support for most regulatory actions, but less interest in a government study or involvement in a local campaign. OC-connected respondents expressed nearly 100% support for all regulatory actions aimed at preventing microplastic pollution.



Consistent with the greater concern about microplastics among Ocean Conservancy members, this group expressed near-unanimous support for all provided regulatory actions aimed at preventing microplastic pollution, ranging from 93% support for contributing time or money to state or local campaigns that limit or ban single-use plastics, to 99% support for EPA regulation of plastic pre-production pellet discharge, passage of plastic-reduction measures like bag bans, and passage of the proposed federal Break Free From Plastic Pollution Act (Figure 8).

At the end of the survey, respondents were asked about actions they already take or would be willing to take to reduce their personal plastic footprint and the likelihood of microplastics leaching into the environment. Actions the public were currently doing (either occasionally or frequently) or were definitely willing to do include ensuring proper recycling (62%), carrying a reusable water bottle (59%), and bringing their own shopping bag to stores (59%; Figure 9). U.S. adults were significantly more willing to do these three ‘top tier’ actions compared to the 12 other actions surveyed (p<.05). A second tier of actions that respondents were already doing or were definitely willing to do include choosing recyclable items at the store (43%), refusing plastic produce bags (43%), carrying reusable beverage containers (41%), requesting no straw (41%), supporting reusable restaurant takeout initiatives (38%), carrying a reusable straw (37%), carrying one’s own utensils (37%), participating in beach clean-ups (35%), or carrying one’s own food/beverage containers (30%). A final group of three actions formed a “bottom” tier that U.S. adults are significantly less likely to be already doing or willing to do (p<.01). These included bringing personal food containers to restaurants for takeout (30%), contacting public officials to urge support for measures to reduce plastic (28%) and contacting companies to ask them to reduce use of plastic (26%; Figure 9).




Figure 9 | Responses by U.S. adults (top panel) and Ocean Conservancy (OC)-connected individuals (bottom panel) of "I to the question "Below are some actions you can take personally to reduce your everyday plastic footprint and reduce the likelihood of plastics leaking into the environment. For each, would you...?" Response options were: definitely will do, probably will do, might or might not do, probably not do, definitely not do, I already do this frequently (all or most opportunities), I already do this occasionally (some opportunities).



Ocean Conservancy-Connected respondents reported significantly greater levels of personal action to reduce their plastic footprint compared to U.S. adults, with 91% already doing or definitely willing to ensure proper recycling (p<.01), 82% already or definitely willing to bring their own shopping bag to stores (p<.01), and 77% already or definitely willing to carry a reusable water bottle (p<.01; Figure 9). This pattern of higher self-reported action by Ocean Conservancy members vs U.S. adults holds for all actions tested with the exception of bringing one’s own takeout containers to restaurants, which is only 1% greater than U.S. adults (31%; Figure 9).





4 Discussion

This study detected broad concern for ocean health among U.S. adults and Ocean Conservancy members, with pronounced concerns specifically related to plastic pollution. We found both universally greater concern and understanding of the plastic pollution issue among Ocean Conservancy members, as compared to U.S. adults. There was broad and universal support across all U.S. adults and Ocean Conservancy members for policymakers to advance legislative solutions that hold the plastic industry responsible for solving the problem of ocean plastic pollution.

When comparing overall responses from our two survey populations- U.S. adults and Ocean Conservancy members-, we found Ocean Conservancy members were generally better informed and more concerned about plastic pollution impacts than U.S. adults. For example, Ocean Conservancy members found all nine ocean threats- which ranged from climate change to impacts of coastal development and plastic pollution- more pressing than U.S. adults did (Figure 2). Additionally, a significantly higher percentage of Ocean Conservancy members had heard of the term ‘microplastics’ relative to U.S. adults (90% vs 50%), though neither population reported being very familiar with the concept of microplastics. Furthermore, when presented with a series of concerns about plastics and microplastics in the environment, Ocean Conservancy members reported widespread unease, as evidenced by between 98-100% ranking all of the issues as ‘very concerning’; this is in stark contrast to U.S. adult responses, whereby 67% was the maximum ranking of any item being ‘very concerning’ but was as low as 58% (Figure 6). While similar concerns were prioritized for both groups as being ‘very concerning’, Ocean Conservancy members reported universal intensity of concern across all items, highlighting that they interpreted all of the options as very worrying. Last, Ocean Conservancy members also reported significantly greater levels of personal action to reduce their plastic footprint compared to U.S. adults; this pattern of higher self-reported action by Ocean Conservancy members vs U.S. adults held for all actions tested with the exception of bringing one’s own takeout containers to restaurants (Figure 9).

While there were substantial differences in some responses between survey populations, there were also a fair number of similarities detected, signaling universal concern. For example, concerns about the impacts of ocean plastics centered on impacts to marine wildlife for both groups, with human health concerns lagging behind (Figure 4). In a similar vein, concerns reported about the impacts specific to microplastics by both U.S. adults and Ocean Conservancy members centered on threats to the ocean and marine wildlife, and support for action to abate these threats was strong. For both respondent groups, human health and terrestrial ecosystems were less recognized as being threatened than ocean and freshwater ecosystems and animals. Ocean Conservancy members, however, had overall more intense concerns on all potential ecosystem impacts of microplastics relative to U.S. adults (Figure 5). Additionally, while our two respondent groups were very different in terms of some demographics, they were similar in that over 50% of both groups reported living greater than 50 miles from the coast. This was a rather interesting finding for the Ocean Conservancy member group, given the extent to which they are still very plugged in to ocean issues, especially those related to plastic pollution impacts.

U.S. adults and Ocean Conservancy members reported being least concerned about aesthetic impacts of plastic trash or disproportionate impacts on coastal human communities, even for those living by the coast. This was a somewhat unexpected result, as visible plastic pollution has been shown to negatively impact tourism revenue in some parts of the world (Jang et al., 2014; Qiang et al., 2020), and many communities expend effort and money to prioritize regular beach cleanups for this reason, to preserve tourism and the health of their environments (e.g., Rodríguez et al., 2020; Sandhubaya et al., 2021). Both survey groups thereby appeared to prioritize physical impacts over aesthetic impacts in this survey.

Microplastic pollution has become a frequent topic in the media, however little is known about public perceptions of microplastics, and increased public awareness is needed to face the growing threat of microplastics in the environment (Garcia-Vazquez and Garcia-Ael, 2021). Generally, U.S. adults reported being aware of microplastics, but few people reported knowing a lot about the topic. Ocean Conservancy members reported greater knowledge about microplastic pollution and also greater levels of concern regarding the threats it poses than U.S. adults.

In line with high levels of concern for the impacts of plastics on marine life, both U.S. adults and Ocean Conservancy members perceived the greatest threats from microplastic pollution to be on the health of ocean animals and the ocean itself, followed by freshwater ecosystems, with human health and terrestrial ecosystems lagging slightly as less prominent concerns. Due to the evolution of plastic pollution research first focusing on the ocean, then on ocean life, then expanding to other environments and most recently humans, it may be that more information about the effects of microplastics on oceans and wildlife compared to other ecosystems and humans has been received by the public.

Although in-depth knowledge of microplastics was low for U.S. adults (18% ‘very familiar’ with the term microplastics), our results demonstrated that after both U.S. adults and Ocean Conservancy members were provided with more information about microplastics in the form of a written explanatory passage, the overall level of concern increased. This highlights how provision of information and increased understanding of microplastics contributes to changes in topics of concern and could ultimately compel individuals to take more individual action or pressure governing agencies and industry to push for necessary plastic reduction measures. Our findings support a need for dissemination of additional information on not just the ocean implications of microplastic pollution, but also what is currently known about impacts to freshwater environments, terrestrial environments and human health.

In our survey, levels of concern regarding human health impacts of microplastics were greater for seafood consumers than non-consumers, and this level of concern was greater among individuals consuming seafood frequently than those who only consume seafood a few times a year. Previous studies have shown that connection to the environment and ocean can influence behaviors and perceptions about environmental issues (Schultz et al., 2004). While questions regarding connectedness were not explicitly asked in this survey, we did ask respondents about seafood consumption to test if eating seafood at least once a month was tied to higher ocean literacy or concern about plastic pollution. Frequent seafood consumers exhibited significantly greater concern about the potential impacts of microplastics on the environment and humans than did non-consumers, potentially pointing to higher awareness about the issue, or greater connection to ocean animals and the perils they face.

To reduce plastics use and prevent microplastic pollution, U.S. adults placed most responsibility on the plastics industry (manufacturers and producers) compared to government or individual consumers. This finding demonstrates a general understanding among the public that decreased production is an important part of the solution to plastic pollution, with room for both government regulation and personal action to address the issue in an even more comprehensive manner. To enable meaningful microplastic pollution prevention, U.S. adults supported extended producer responsibility and various pollution prevention measures. For example, support for bans and phasing out of single-use plastics was high, as was support for prevention of microplastic emissions, such as reducing pre-production plastic pellet discharge and installing filters on washing machines. Taken as a whole, these results signal the public wants to see specific sources of both macro and microplastic pollution curbed, despite limited knowledge on the topic of microplastics.

When it came to taking individual action to reduce plastic waste, there was high uptake by U.S. adults to participate in certain actions like ensuring recyclable items go in recycling bins at home and carrying reusable items (bags, bottles) in favor of single-use plastics. The general public may be drawn to these actions in particular, due to familiarity with the concept of recycling which has long been promoted through media and labeling (Klaiman et al., 2017), though the recycling system is quite complicated in the U.S. and what is placed in the recycling bin may differ from what materials and products are able to be effectively recycled (US EPA, 2019). These findings may also reflect growing cultural norms surrounding bringing reusable water bottles and bags (Adeyanju et al., 2021), or the effectiveness of concerted initiatives and programs (e.g., Beyond the Bag initiative) targeted at rethinking our usage of individual single-use plastic products.

Of all individual-level plastic-reduction actions presented, the U.S. public was least likely to formally voice their opinions, in the form of communicating with public officials or companies. This is not unexpected, as the policy landscape related to plastics can be confusing (Wang et al., 2022), and individuals may not know exactly how to best share feedback with decision makers. Providing ideas, prompts, or specific recipes for action may promote more involvement of U.S. adults in this space. For example, a higher percentage of Ocean Conservancy members were willing to formally voice their opinions to businesses and politicians, which may be because Ocean Conservancy provides regular opportunities to do this through e-mailed action alerts. Ocean Conservancy’s model may be evidence that providing these roadmaps to engagement may work to encourage this type of action.

Although general perceptions of ocean health among U.S. adults were mixed but generally positive, the greatest positive perception reported was for U.S. adults living close to the ocean. This was unexpected, as generally individuals living closer to a marine coastline would be expected to have a more negative perception of ocean health, potentially driven by a better understanding of ocean threats through their economic and cultural ties to ocean services (e.g., fishing and tourism), and regular contact with the marine environment. The reason for this result is unclear, but the relationship between proximity to the coast and threat perception or concern for ocean health differs around the world among different communities and places (Potts et al., 2016; Davison et al., 2021; Manson et al., 2021) and appears to be largely affected by specific characteristics of the local society and environment (Hamilton and Safford, 2015).

Even with a positive-leaning perception of ocean health, U.S. adults are aware of ocean plastic pollution, enough so to value this issue above many other established threats. In fact, plastic pollution was ranked as the most pressing ocean problem of today. This result has also been reported in previous studies in the U.S., Europe, and Australia where pollution has repeatedly been ranked the greatest ocean threat (Gelcich et al., 2014; Lotze et al., 2018; Davison et al., 2021; Ansell, 2022). U.S. adults reported being most concerned about impacts of plastic pollution on marine life, from entanglement and injury, ingestion, and chemical leaching. To date, the scientific community has identified roughly 1,300 marine species impacted by plastics (Santos et al., 2021), highlighting the breadth of evidence supporting these concerns. Impacted organisms range from zooplankton to blue whales, and include species frequently consumed by humans (Desforges et al., 2014; Kahane-Rapport et al., 2022). These and other recent scientific findings have been amplified in traditional and social media particularly in the past decade, garnering substantial exposure for the pervasiveness of plastic pollution in the ocean and the animals that depend on it. It is therefore no surprise that the public is distraught by the notion of plastics harming marine life. The scientific community has, in at least one peer-reviewed article, also identified ingestion and entanglement of marine life as top concerns with respect to ocean plastic pollution (Wilcox et al., 2016), which aligns with public concerns and perceptions. The public consensus that plastic pollution is a pressing problem for today indicates that messaging and information surrounding plastic pollution has successfully raised the profile of the issue.

U.S. adults generally rated climate change as a less pressing ocean issue compared to plastic pollution. It has been previously argued that the focus on plastic pollution may decrease urgency to address other important issues such as climate change (Stafford and Jones, 2019). However, plastic production is intrinsically linked to climate change and continued plastic production exacerbates the warming of our planet (Ford et al., 2022). It is evident that continued action on all fronts is required to address the increasing threats from these environmental crises (Avery-Gomm et al., 2019). Surveys of other nations have also reported climate change rated as a lower concern for the ocean (Gelcich et al., 2014). However, climate change is not a forgotten issue, as recently, 60% of U.S. adults reported viewing climate change as a major threat to the well-being of the United States (Tyson and Kennedy, 2020). In the context of ocean issues, what may be lacking is public understanding of the intimate link between climate change and plastic pollution from the extraction of fossil fuels to plastic production and eventual disposal (Lavers et al., 2022) and the connection between climate change and hazards to the health and survival of marine animals, for which public concern is high.

One potential limitation for the interpretation of our study results is that the survey was conducted during the COVID-19 pandemic. Survey timing may therefore have influenced responses about plastic pollution perceptions, actions and/or levels of support for various plastic-reduction measures, especially with respect to single-use plastics. During the pandemic, some single-use plastic items including gloves and face masks became critical and widely-used public health tools (Prata et al., 2020), which may have impacted public perception of utility and necessity of single-use plastics more broadly. As some researchers have noted, the sudden uptick in use of personal protective equipment and other single-use plastic items during the pandemic led to environmental leakage of such items and a pronounced need to better manage their disposal (Patrício Silva et al., 2020; Chowdhury et al., 2021). Ocean Conservancy intends to conduct this survey periodically over the next decade to monitor changes in responses over time, and post-pandemic.

Our survey explored knowledge and perceptions of a representative group of U.S. adults and compared responses to a group of U.S.-based Ocean Conservancy members who are highly attuned to ocean issues. Our findings illustrate that there is widespread support for microplastic pollution prevention measures in the U.S., and that industry must take action to address it. This broad support is predicated on concerns about the impacts of ocean plastics and microplastics. Further dissemination of targeted information regarding specific facets of these issues can help inform and shape public opinion, ultimately helping to protect our shared future from the growing issue of plastic pollution.





Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding author.





Ethics statement

The studies involving humans were approved by University of Toronto Office of Research Ethics. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.





Author contributions

BB: Conceptualization, Funding acquisition, Investigation, Methodology, Project administration, Resources, Supervision, Visualization, Writing - original draft, Writing - review & editing. HD: Resources, Validation, Visualization, Writing – original draft, Writing – review & editing. LD: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Project administration, Validation, Visualization, Writing – original draft, Writing – review & editing. GL: Conceptualization, Supervision, Visualization, Writing – review & editing. LP: Data curation, Formal analysis, Visualization, Writing – review & editing, Validation. NM: Conceptualization, Funding acquisition, Investigation, Project administration, Resources, Supervision, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. Funding for this work was graciously provided by the McConnell Family Foundation.




Acknowledgments

Many thanks to Dr. Chelsea Rochman of University of Toronto for her input and assistance with submission of the IRB application for this work and valuable feedback provided while drafting the manuscript. Thanks also to Keith Tonsager of Edge Research for assistance with data analysis and development of data visualizations.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmars.2023.1323477/full#supplementary-material




References

 Adeyanju, G. C., Augustine, T. M., Volkmann, S., Oyebamiji, U. A., Ran, S., Osobajo, O. A., et al. (2021). Effectiveness of intervention on behaviour change against use of non-biodegradable plastic bags: a systematic review. Discov. Sustain. 2, 13. doi: 10.1007/s43621-021-00015-0

 Ali, S., Faizi, B., Waqas, H., Asghar, M., Zarei, N., Hashmi, M. Z., et al. (2022). “Bibliometric Analysis of Emerging Trends in Research on Microplastic Pollution in Post-Paris Agreement and Post-COVID-19 Pandemic World,” in Microplastic Pollution: Environmental Occurrence and Treatment Technologies, Emerging Contaminants and Associated Treatment Technologies. Ed.  M. Z. Hashmi (Cham: Springer International Publishing), 511–538. doi: 10.1007/978-3-030-89220-3_23

 Ansell, C. (2022). Ocean Literacy Survey Results 2022 (Ocean Conserv. Trust). Available at: https://oceanconservationtrust.org/ocean-literacy-survey-results-2022/ (Accessed 10.5.23).

 Avery-Gomm, S., Walker, T. R., Mallory, M. L., and Provencher, J. F. (2019). There is nothing convenient about plastic pollution. Rejoinder to Stafford and Jones “Viewpoint–Ocean plastic pollution: A convenient but distracting truth? Mar. Policy 106, 103552. doi: 10.1016/j.marpol.2019.103552

 Barboza, L. G. A., Vethaak, A. D., Lavorante, B. R., Lundebye, A.-K., and Guilhermino, L. (2018). Marine microplastic debris: An emerging issue for food security, food safety and human health. Mar. Pollut. Bull. 133, 336–348. doi: 10.1016/j.marpolbul.2018.05.047

 Borrelle, S. B., Ringma, J., Law, K. L., Monnahan, C. C., Lebreton, L., McGivern, A., et al. (2020). Predicted growth in plastic waste exceeds efforts to mitigate plastic pollution. Science 369, 1515–1518. doi: 10.1126/science.aba3656

 Bucci, K., Tulio, M., and Rochman, C. M. (2020). What is known and unknown about the effects of plastic pollution: A meta-analysis and systematic review. Ecol. Appl. 30, e02044. doi: 10.1002/eap.2044

 Chowdhury, H., Chowdhury, T., and Sait, S. M. (2021). Estimating marine plastic pollution from COVID-19 face masks in coastal regions. Mar. Pollut. Bull. 168, 112419. doi: 10.1016/j.marpolbul.2021.112419

 Corradini, F., Meza, P., Eguiluz, R., Casado, F., Huerta-Lwanga, E., and Geissen, V. (2019). Evidence of microplastic accumulation in agricultural soils from sewage sludge disposal. Sci. Total Environ. 671, 411–420. doi: 10.1016/j.scitotenv.2019.03.368

 Davison, S. M. C., White, M. P., Pahl, S., Taylor, T., Fielding, K., Roberts, B. R., et al. (2021). Public concern about, and desire for research into, the human health effects of marine plastic pollution: Results from a 15-country survey across Europe and Australia. Glob. Environ. Change 69, 102309. doi: 10.1016/j.gloenvcha.2021.102309

 Deng, L., Cai, L., Sun, F., Li, G., and Che, Y. (2020). Public attitudes towards microplastics: Perceptions, behaviors and policy implications. Resour. Conserv. Recycl. 163, 105096. doi: 10.1016/j.resconrec.2020.105096

 Desforges, J.-P. W., Galbraith, M., Dangerfield, N., and Ross, P. S. (2014). Widespread distribution of microplastics in subsurface seawater in the NE Pacific Ocean. Mar. Pollut. Bull. 79, 94–99. doi: 10.1016/j.marpolbul.2013.12.035

 Eriksen, M., Cowger, W., Erdle, L. M., Coffin, S., Villarrubia-Gómez, P., Moore, C. J., et al. (2023). A growing plastic smog, now estimated to be over 170 trillion plastic particles afloat in the world’s oceans—Urgent solutions required. PloS One 18, e0281596. doi: 10.1371/journal.pone.0281596

 Ford, H. V., Jones, N. H., Davies, A. J., Godley, B. J., Jambeck, J. R., Napper, I. E., et al. (2022). The fundamental links between climate change and marine plastic pollution. Sci. Total Environ. 806, 150392. doi: 10.1016/j.scitotenv.2021.150392

 Forleo, M. B., and Romagnoli, L. (2021). Marine plastic litter: public perceptions and opinions in Italy. Mar. Pollut. Bull. 165, 112160. doi: 10.1016/j.marpolbul.2021.112160

 Garcia-Vazquez, E., and Garcia-Ael, C. (2021). The invisible enemy. Public knowledge of microplastics is needed to face the current microplastics crisis. Sustain. Prod. Consum. 28, 1076–1089. doi: 10.1016/j.spc.2021.07.032

 Gelcich, S., Buckley, P., Pinnegar, J. K., Chilvers, J., Lorenzoni, I., Terry, G., et al. (2014). Public awareness, concerns, and priorities about anthropogenic impacts on marine environments. Proc. Natl. Acad. Sci. 111, 15042–15047. doi: 10.1073/pnas.1417344111

 Hamilton, L., and Safford, T. (2015). Environmental views from the coast: public concern about local to global marine issues. Soc Nat. Resour 28, 51–74. doi: 10.1080/08941920.2014.933926

 Hartley, B. L., Thompson, R. C., and Pahl, S. (2015). Marine litter education boosts children’s understanding and self-reported actions. Mar. Pollut. Bull. 90, 209–217. doi: 10.1016/j.marpolbul.2014.10.049

 Henderson, L., and Green, C. (2020). Making sense of microplastics? Public understandings of plastic pollution. Mar. Pollut. Bull. 152, 110908. doi: 10.1016/j.marpolbul.2020.110908

 Iroegbu, A. O. C., Ray, S. S., Mbarane, V., Bordado, J. C., and Sardinha, J. P. (2021). Plastic pollution: A perspective on matters arising: challenges and opportunities. ACS Omega 6, 19343–19355. doi: 10.1021/acsomega.1c02760

 Jang, Y. C., Hong, S., Lee, J., Lee, M. J., and Shim, W. J. (2014). Estimation of lost tourism revenue in Geoje Island from the 2011 marine debris pollution event in South Korea. Mar. Pollut. Bull. 81, 49–54. doi: 10.1016/j.marpolbul.2014.02.021

 Kahane-Rapport, S. R., Czapanskiy, M. F., Fahlbusch, J. A., Friedlaender, A. S., Calambokidis, J., Hazen, E. L., et al. (2022). Field measurements reveal exposure risk to microplastic ingestion by filter-feeding megafauna. Nat. Commun. 13, 6327. doi: 10.1038/s41467-022-33334-5

 Kasavan, S., Yusoff, S., Rahmat Fakri, M. F., and Siron, R. (2021). Plastic pollution in water ecosystems: A bibliometric analysis from 2000 to 2020. J. Clean. Prod. 313, 127946. doi: 10.1016/j.jclepro.2021.127946

 Kaza, S., Yao, L. C., Bhada-Tata, P., and Van Woerden, F. (2018). What a Waste 2.0: A Global Snapshot of Solid Waste Management to 2050 (Washington, DC: World Bank). Available at: http://hdl.handle.net/10986/30317.

 Klaiman, K., Ortega, D. L., and Garnache, C. (2017). Perceived barriers to food packaging recycling: Evidence from a choice experiment of US consumers. Food Control 73, 291–299. doi: 10.1016/j.foodcont.2016.08.017

 Kramm, J., Steinhoff, S., Werschmöller, S., Völker, B., and Völker, C. (2022). Explaining risk perception of microplastics: Results from a representative survey in Germany. Glob. Environ. Change 73, 102485. doi: 10.1016/j.gloenvcha.2022.102485

 Laroche, M., Bergeron, J., and Barbaro-Forleo, G. (2001). Targeting consumers who are willing to pay more for environmentally friendly products. J. Consum. Mark. 18, 503–520. doi: 10.1108/EUM0000000006155

 Lavers, J. L., Bond, A. L., and Rolsky, C. (2022). Far from a distraction: Plastic pollution and the planetary emergency. Biol. Conserv. 272, 109655. doi: 10.1016/j.biocon.2022.109655

 Law, K. L., Starr, N., Siegler, T. R., Jambeck, J. R., Mallos, N. J., and Leonard, G. H. (2020). The United States’ contribution of plastic waste to land and ocean. Sci. Adv. 6, eabd0288. doi: 10.1126/sciadv.abd0288

 Leiserowitz, A. A. (2005). American risk perceptions: is climate change dangerous? Risk Anal. 25, 1433–1442. doi: 10.1111/j.1540-6261.2005.00690.x

 Li, P., Wang, X., Su, M., Zou, X., Duan, L., and Zhang, H. (2021). Characteristics of plastic pollution in the environment: a review. Bull. Environ. contamination Toxicol. 107, 577–584. doi: 10.1007/s00128-020-02820-1

 Lotze, H. K., Guest, H., O’Leary, J., Tuda, A., and Wallace, D. (2018). Public perceptions of marine threats and protection from around the world. Ocean Coast. Manage. 152, 14–22. doi: 10.1016/j.ocecoaman.2017.11.004

 Lusher, A. L., Tirelli, V., O’Connor, I., and Officer, R. (2015). Microplastics in Arctic polar waters: the first reported values of particles in surface and sub-surface samples. Sci. Rep. 5, 14947. doi: 10.1038/srep14947

 MacLeod, M., Arp, H. P. H., Tekman, M. B., and Jahnke, A. (2021). The global threat from plastic pollution. Science 373 (6550), 61–65. doi: 10.1126/science.abg5433

 Manson, P., Nielsen-Pincus, M., Granek, E. F., and Swearingen, T. C. (2021). Public perceptions of ocean health and marine protection: Drivers of support for Oregon’s marine reserves. Ocean Coast. Manage. 201, 105480. doi: 10.1016/j.ocecoaman.2020.105480

 McKinley, E., and Fletcher, S. (2012). Improving marine environmental health through marine citizenship: A call for debate. Mar. Policy 36, 839–843. doi: 10.1016/j.marpol.2011.11.001

 Mehinto, A. C., Coffin, S., Koelmans, A. A., Brander, S. M., Wagner, M., Thornton Hampton, L. M., et al. (2022). Risk-based management framework for microplastics in aquatic ecosystems. Microplastics Nanoplastics 2, 17. doi: 10.1186/s43591-022-00033-3

 Milne, M. H., De Frond, H., Rochman, C. M., Mallos, N. J., Leonard, G. H., and Baechler, B. R. (2023). Exposure of U.S. Adults to microplastics from commonly-consumed proteins. Environmental Pollution, 123233. doi: 10.1016/j.envpol.2023.123233

 Mohamed Nor, N. H., Kooi, M., Diepens, N. J., and Koelmans, A. A. (2021). Lifetime accumulation of microplastic in children and adults. Environ. Sci. Technol. 55, 5084–5096. doi: 10.1021/acs.est.0c07384

 Molloy, S., Medeiros, A. S., Walker, T. R., and Saunders, S. J. (2022). Public perceptions of legislative action to reduce plastic pollution: A case study of Atlantic Canada. Sustainability 14, 1852. doi: 10.3390/su14031852

 Pahl, S., and Wyles, K. J. (2017). The human dimension: how social and behavioural research methods can help address microplastics in the environment. Anal. Methods 9, 1404–1411. doi: 10.1039/C6AY02647H

 Pahl, S., Wyles, K. J., and Thompson, R. C. (2017). Channelling passion for the ocean towards plastic pollution. Nat. Hum. Behav. 1, 697–699. doi: 10.1038/s41562-017-0204-4

 Patrício Silva, A. L., Prata, J. C., Walker, T. R., Campos, D., Duarte, A. C., Soares, A. M. V. M., et al. (2020). Rethinking and optimising plastic waste management under COVID-19 pandemic: Policy solutions based on redesign and reduction of single-use plastics and personal protective equipment. Sci. Total Environ. 742, 140565. doi: 10.1016/j.scitotenv.2020.140565

 Persson, L., Carney Almroth, B. M., Collins, C. D., Cornell, S., de Wit, C. A., Diamond, M. L., et al. (2022). Outside the safe operating space of the planetary boundary for novel entities. Environ. Sci. Technol. 56, 1510–1521. doi: 10.1021/acs.est.1c04158

 Potts, T., Pita, C., O’Higgins, T., and Mee, L. (2016). Who cares? European attitudes towards marine and coastal environments. Mar. Policy 72, 59–66. doi: 10.1016/j.marpol.2016.06.012

 Prata, J. C., Silva, A. L. P., Walker, T. R., Duarte, A. C., and Rocha-Santos, T. (2020). COVID-19 pandemic repercussions on the use and management of plastics. Environ. Sci. Technol. 54, 7760–7765. doi: 10.1021/acs.est.0c02178

 Qiang, M., Shen, M., and Xie, H. (2020). Loss of tourism revenue induced by coastal environmental pollution: a length-of-stay perspective. J. Sustain. Tour. 28, 550–567. doi: 10.1080/09669582.2019.1684931

 Ratter, B. M. W., Philipp, K. H. I., and Storch, H.v. (2012). Between hype and decline: recent trends in public perception of climate change. Environ. Sci. Policy 18, 3–8. doi: 10.1016/j.envsci.2011.12.007

 Rodríguez, Y., Ressurreição, A., and Pham, C. K. (2020). Socio-economic impacts of marine litter for remote oceanic islands: The case of the Azores. Mar. Pollut. Bull. 160, 111631. doi: 10.1016/j.marpolbul.2020.111631

 Sandhubaya, G., Hidayatullah, S., and Roedjinandari, N. (2021). Study of influence of cleanliness, health, safety & Environment sustainability on tourist to revisit the beaches of Indonesia. Int. J. Adv. Sci. Res. Eng. 7, 36–47. doi: 10.31695/IJASRE.2021.34090

 Santos, R. G., Machovsky-Capuska, G. E., and Andrades, R. (2021). Plastic ingestion as an evolutionary trap: Toward a holistic understanding. Science 373, 56–60. doi: 10.1126/science.abh0945

 Schultz, P. W., Shriver, C., Tabanico, J. J., and Khazian, A. M. (2004). Implicit connections with nature. J. Environ. Psychol. 24, 31–42. doi: 10.1016/S0272-4944(03)00022-7

 Semenza, J. C., Hall, D. E., Wilson, D. J., Bontempo, B. D., Sailor, D. J., and George, L. A. (2008). Public perception of climate change: voluntary mitigation and barriers to behavior change. Am. J. Prev. Med. Theme Issue: Climate Change Health Public 35, 479–487. doi: 10.1016/j.amepre.2008.08.020

 Stafford, R., and Jones, P. J. S. (2019). Viewpoint – Ocean plastic pollution: A convenient but distracting truth? Mar. Policy 103, 187–191. doi: 10.1016/j.marpol.2019.02.003

 Steel, B. S., Smith, C., Opsommer, L., Curiel, S., and Warner-Steel, R. (2005). Public ocean literacy in the United States. Ocean Coast. Manage. 48, 97–114. doi: 10.1016/j.ocecoaman.2005.01.002

 Tyson, A., and Kennedy, B. (2020). Two-thirds of Americans think government should do more on climate. Pew Res. Cent.

 US EPA (2019). The U.S. Recycling System. Available at: https://www.epa.gov/circulareconomy/us-recycling-system (Accessed 10.4.23).

 Villarrubia-Gómez, P., Cornell, S. E., and Fabres, J. (2018). Marine plastic pollution as a planetary boundary threat – The drifting piece in the sustainability puzzle. Mar. Policy 96, 213–220. doi: 10.1016/j.marpol.2017.11.035

 Walker, T. R., Baechler, B. R., Markley, L., Grünzner, M., Akuoko, I. S. G., Bowyer, C., et al. (2023). Plastic Pulse of the Public: A review of survey-based research on how people use plastic. Camb. Prisms Plast. 1, e8. doi: 10.1017/plc.2023.8

 Walker, T. R., McGuinty, E., Charlebois, S., and Music, J. (2021). Single-use plastic packaging in the Canadian food industry: Consumer behavior and perceptions. Humanities Soc. Sci. Commun. 8 (1), 1–11. doi: 10.1057/s41599-021-00747-4

 Wang, Q., Tweedy, A., and Wang, H. G. (2022). Reducing plastic waste through legislative interventions in the United States: Development, obstacles, potentials, and challenges. Sustain. Horiz. 2, 100013. doi: 10.1016/j.horiz.2022.100013

 Whitmarsh, L., and Capstick, S. (2018). “2 - Perceptions of climate change,” in Psychology and Climate Change. Eds.  S. Clayton, and C. Manning (San Diego, CA, US: Academic Press), 13–33. doi: 10.1016/B978-0-12-813130-5.00002-3

 Wilcox, C., Mallos, N. J., Leonard, G. H., Rodriguez, A., and Hardesty, B. D. (2016). Using expert elicitation to estimate the impacts of plastic pollution on marine wildlife. Mar. Policy 65, 107–114. doi: 10.1016/j.marpol.2015.10.014

 Zhang, Y., Kang, S., Allen, S., Allen, D., Gao, T., and Sillanpää, M. (2020). Atmospheric microplastics: A review on current status and perspectives. Earth-Sci. Rev. 203, 103118. doi: 10.1016/j.earscirev.2020.103118

 Zuri, G., Karanasiou, A., and Lacorte, S. (2023). Human biomonitoring of microplastics and health implications: A review. Environ. Res. 237, 116966. doi: 10.1016/j.envres.2023.116966




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2024 Baechler, De Frond, Dropkin, Leonard, Proano and Mallos. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fmars-10-1323477-g007.jpg
49% A, p=01

Industry Government Consumers Not Sure
US Adults (n=1,960)
OC-Connected (n=882)

mUS Adults B OC-Connected
% most responsible





OEBPS/Images/fmars-10-1323477-g002.jpg
Plastic Pollution

5% 78%
Qil Spills
9% 72% 16%
Pollution from chemicals
7% 69% 19%
Pollution from nutrients
7% 68% 21%
Decline of Sea Life
9% 60% 26%
Climate Change Impacts
13% 59% 22%
Too few protected areas
11% 58% 25%
Impacts of Coastal Development
. 10% | 53% 31%
Inadequate investment in science
13% 49% 30%

Not much of a problem M Pressing problem for today m Problem for the Future





OEBPS/Images/fmars-10-1323477-g005.jpg
100% 100%
' ' i o 95% 96% 95%

87% 86% 85% 84%

81% 79% _—

The health of The health of the  The health of The health of Human health The health of The health of
ocean animals ocean freshwater freshwater terrestrial (land) terrestrial (land)
animals ecosystems animals ecosystems

US Adults B OC-Connected






OEBPS/Images/fmars-10-1323477-g004.jpg
Marine animals injured by plastic garbage

Marine animals ingesting plastic garbage

Leaching of toxic chemicals from plastic into the environment
Accumulationj of massive amounts of garbage in ocean

Human health impacts

Plastic breaking down into smaller pieces but never disappearing
Economic impacts of plastic trash in the ocean

Health/sanitation issues caused by encounters with ocean plastics
It is disrespectful and a no way to treat nature

Plastic trash ruins beautiful spaces

Coastal communities being disproportionately affected by ocean plastics

Something else

US Adults (n=1,960)
OC Connected (n=882)

0o
X

4

27%
59% of US Adults, 98%

24% of OC-Connected folks
express marine animal
concern

il

Coastal community impacts not
———» well-recognized as most or 2nd
1% most concerning by either group

°

M US Adults ® OC Connected





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Public awareness and perceptions of ocean plastic pollution and support for solutions in the United States

      

        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Survey questions

          



          		

            2.2 Survey participants

          



          		

            2.3 Data analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Impressions of ocean health

          



          		

            3.2 Perceptions of ocean plastic pollution and its impacts

          



          		

            3.3 Microplastics: awareness and concerns

          



          		

            3.4 Impact on perceptions after providing microplastics information

          



          		

            3.5 Taking action on microplastics and plastic pollution

          



        



        



        		

          4 Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fmars-10-1323477-g009.jpg
Ensure recyclable plastics go in the recycling bin

Carry areusable water bottle

Bring your own shopping bag to a store or market

Specifically choose items at a store, market or vendor that can be recycled

Support initiatives to create reusable takeout packaging for restaurants in your area.
Bring your own beverage container to be filled at a coffee shop or other establishment
Do not use the plastic produce bags generally available in grocery stores

Specifically request no straw at restaurants or with food/beverage takeout

Carry and use a reusable straw

Carry and use your own utensils instead of disposable items provided with food/beverage takeout
Participate in cleanups to remove trash from the environment

Specifically choose items at a store, market or vendor not packaged in plastic

Bring your own food container to a restaurant for food/beverage takeout or leftovers

Contact your political representatives and ask them to support measures that would reduce plastic

pollution

Contact specific companies/brands and ask them to reduce plastics in their products or packaging

US Adults n=1,960

Ensure recyclable plastics go in the recycling bin
Bring your own shopping bag to a store or market
Carry a reusable water bottle
Contact your political representatives and ask them to support measures that...
Specifically request no straw at restaurants or with food/beverage takeout
Specifically choose items at a store, market or vendor that can be recycled
Support initiatives to create reusable takeout packaging for restaurants in your...
Do not use the plastic produce bags generally available in grocery stores
Carry and use a reusable straw
Carry and use your own utensils instead of disposable items provided with...
Specifically choose items at a store, market or vendor not packaged in plastic
Contact specific companies/brands and ask them to reduce plastics in their...
Bring your own beverage container to be filled at a coffee shop or other...
Participate in cleanups to remove trash from the environment

Bring your own food container to a restaurant for food/beverage takeout or...

OC Connected: n=882

[ Already + Definitely Do

82%

77%

74%

o]
&% |
% |
I 7 S
I 7
%
&% |
e

M Already + Definitely Do





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fmars.2023.1323477_cover.jpg
& frontiers | Frontiers in Marine Science

Public awareness and perceptions
of ocean plastic pollution and support
for solutions in the United States





OEBPS/Images/fmars-10-1323477-g001.jpg
Opinion on Ocean Health Being Somewhat or

Very Healthy, By Respondent Age

47%
45%

36%
34%

<35 m35-49 m50-64 W65+

Among US Adults (n=1,960)

Opinion on Ocean Health Being Somewhat or
Very healthy, By Respondent Proximity to Ocean

55%
53%

49%

34%

Within 10 miles ®11-20 miles M 20-50 miles M 50+ miles





OEBPS/Images/fmars-10-1323477-g003.jpg
Plastic Polution 78%

S, 9%

Oil Spills 72%
A 7%
Pollution from chemicals 69%
N, 06%
Pollution from nutrients 68%
I, ©7%
Decline of Sea Life 60%
I, 069
Climate Change Impacts 59%
A, o3
Too few protected areas 58%
. E¥
Impacts of Coastal Development 53%
N, =5
Inadequate investment in science 49%

kG

US Adults m® OC Connected






OEBPS/Images/fmars-10-1323477-g008.jpg
Requiring the U.S. Environmental Protection Agency to regulate the discharge of plastic
pre-production pellets and other pre-production plastic into waterways from facilities and

sources that make, use, package, or transport pellets.

Passage of plastic reduction measures in your city or town including plastic bag bans and

requirements for paper-based carryout/delivery containers.

Passing the Break Free From Plastic Pollution Act, which would phase out many single-use
plastics, pause new plastic production, and require sellers of plastics to cover the cost of

collection and recycling.

Demand that the government fund a comprehensive assessment of the risks to human

health from microplastic exposure.

Mandating that microplastic-catching filters be installed in all new washing mad
manufactured in the U.S.

Contributing time or money to campaigns to limit or ban single-use plastics (like s
and plastic utensils) in your state or local area.

US Adults n=1,960 W US Adu
OC Connected n=882

hines

raws

ts

OC Connected

85%

82%

80%

81%

81%

74%V

99%

99%

99%

98%

97%

93%

V p< 0.01 significantly lower
compared to all other items

among US Adults





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Marine Science





OEBPS/Images/fmars-10-1323477-g006.jpg
Microplastics are nearly impossible to effectively clean up once they have been released
into the environment.

Scientists have found microplastics in 1,288 ocean species and at least 277 land-dwelling

and freshwater species. Around the world at least 1,565 species have been found to have...

Microplastics contain chemical additives and attract other pollutants in the environment,
and are often eaten by wildlife.

Microplastics have become incorporated into food chains in ecosystems around the world.

Plastic packaging such as Styrofoam trays, plastic bags and plastic bottles can release
microplastics into food and drinks.

Humans get microplastics in their bodies by breathing in airborne particles and eating
them when their food picks up particles from surfaces of plastic food containers.

Microplastics are found not only in animals, but have also been found in plants.

Communities around the world, especially poorer island countries that depend on wild
seafood for their diet, face greater risks to their health and livelihoods from...

The raw materials for most plastics are created from fossil fuels including oil and natural
gas in a process that releases large amounts of chemical pollution into the air.

m Very Concerning

US Adults n=1960

67% A

66% A

63%

63%

62%

27%

62%

60% 28%
60% 29%

A Significant compared to bottom three items, p=.01

O Somewhat Concerning





