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25 Abstract

26 Microplastics have emerged as a growing global environmental and public health concern 

27 due to their widespread presence and increasing potential for human exposure through food, water, 

28 and air. Recent scientific evidence and expanding media coverage have heightened public 

29 awareness and debate surrounding their ecological and health impacts. However, a systematic 

30 understanding of how public attention and discourse related to microplastics vary across time and 

31 regions remains limited. Social sensing provides a promising framework to address this gap by 

32 leveraging large-scale digital trace data to capture collective attention and perception. This study 

33 analyzed geotagged microplastics-related tweets between 2017 and 2022 to characterize 

34 spatiotemporal patterns of public attention, dominant themes, and sentiment across global and 

35 regional contexts. Using an integrated spatiotemporal and content-based approach, we identified 

36 shifts in discussion intensity, thematic emphasis, and regional engagement, and examined their 

37 associations with local sociodemographic characteristics. Results show that public attention 

38 follows an issue-attention cycle rather than a steady increase. Three dominant themes emerged: 

39 Advocacy, Risk and Exposure, and Scientific Communication, with advocacy-related discussions 

40 consistently dominant. Across all themes, the proportion of neutral tweets declined over time, 

41 suggesting a shift toward more evaluative and opinion-oriented discourse. In the United States, 

42 neutral-sentiment discourse exhibited significant spatial heterogeneity and varies with education, 

43 race/ethnicity, and income. Overall, this study presents a scalable social sensing framework that 

44 leverages geotagged social media big data to track how environmental issues are discussed across 

45 time and space, with broader applications for studying public communication related to other 

46 emerging and controversial issues. 
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49 Introduction

50 Plastic production has increase significantly over the last 70 years because plastics are 

51 inexpensive, durable, and resistant to corrosion, which makes them widely used in everyday 

52 applications such as packaging, food services, construction, and personal-care products (1–4). 

53 As plastic waste accumulates in the environment, it fragments into macroplastics (larger items) 

54 and microplastics (small particles) (5,6). Microplastics (MPs) are generally defined as 

55 synthetic polymer particles smaller than 5 mm (7). They originate from both primary sources 

56 and secondary sources: primary microplastics are intentionally manufactured at small sizes and 

57 released directly (e.g., microbeads and industrial pellets), while secondary microplastics form 

58 through the fragmentation of larger plastic items via weathering and aging processes 

59 accelerated by ultraviolet (UV) radiation, thermal oxidation, and mechanical abrasion (2–4). 

60 Microplastics also vary in polymer composition, with common types including polyethylene 

61 (PE), polypropylene (PP), and polystyrene (PS) (8–10). Microplastics have now been detected 

62 across marine, terrestrial, and atmospheric environments (7–11), including remote regions 

63 such as Arctic sea ice (12). Their widespread distribution creates multiple potential human 

64 exposure pathways, including ingestion through food and drinking water and inhalation via air 

65 (13). As scientific evidence of environmental persistence and potential health implications 

66 accumulates, microplastics have increasingly become not only an environmental pollution 

67 issue but also a subject of public debate, media attention, and policy discussion (8,14–17).

68 Understanding how environmental risks are perceived, interpreted, and communicated 

69 is critical because public perception influences behavioral responses, regulatory support, and 

70 broader governance processes (18–20). Prior work has examined public perceptions of 
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71 microplastics through survey- and interview-based studies, as well as analyses of traditional 

72 media coverage, with an emphasis on awareness levels, perceived environmental and health 

73 risks, and willingness to support mitigation or policy (21–25). These studies provide important 

74 contextual depth. For example, Cammalleri et al. surveyed future public-health professionals 

75 at Sapienza University of Rome to assess baseline knowledge and concern, and then reassessed 

76 awareness after exposure to an informational brochure on microplastics, demonstrating how 

77 survey designs can capture both initial perceptions and changes in awareness or concern 

78 following targeted communication (21). A face-to-face survey in coastal Bangladesh applied 

79 an ordered logistic regression model to examine willingness to restrict microplastics pollution 

80 and its predictors, finding low baseline awareness and variation in readiness to act across 

81 demographic and household characteristics as well as familiarity with plastics and 

82 microplastics (26). In Nigeria, survey evidence from stakeholders around Lagos Lagoon 

83 reported relatively high awareness but limited knowledge and weaker perceived ecological and 

84 health implications, although respondents expressed willingness to learn more and support 

85 cleanup and advocacy efforts (27). One study combined expert interviews with analysis of 

86 Reddit discussions (seven Reddit posts and 781 associated comments) to examine perceptions 

87 of microplastic and nanoplastic pollution across Canadian provinces and sectors (25). Another 

88 study used print media coverage of microplastics in Germany to analyze public environmental 

89 and health concerns related to microplastics from 2004 to 2018 (22). Cross-national qualitative 

90 studies have also examined how people reason about microplastics and how this reasoning 

91 differs across contexts. Cross-national interview research in Germany and Italy applied a 

92 mental-models approach to explore how citizens construct perceptions of microplastics risks, 

93 emphasizing the importance of communicating scientific uncertainty and clarifying potential 
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94 environmental and health impacts (24).

95 Although these approaches provide valuable and often in-depth insights, many are 

96 constrained by sample size, cross-sectional designs, or geographically specific case studies. As 

97 a result, they face limitations in capturing how public discourse evolves over time and varies 

98 across spatial contexts. Moreover, since microplastics are largely invisible in everyday 

99 experience, public understanding is shaped primarily through mediated information such as 

100 news coverage, institutional communication, and online discussion rather than through direct 

101 personal experience (14,15,28). This situation highlights a broader methodological challenge: 

102 how can researchers systematically capture and interpret large-scale, geographically 

103 distributed discourse as it evolves over time? 

104 In recent years, the increasing availability of digital trace data has enabled new 

105 approaches to studying public discourse. Social sensing provides a conceptual and analytical 

106 framework that treats user-generated digital content, typically from social media platforms, as 

107 distributed sensors of social processes (29). By aggregating large volumes of time-stamped 

108 and, in some cases, geo-referenced content, social sensing allows researchers to examine 

109 temporal trends, sentiment dynamics, thematic structures, and spatial heterogeneity in public 

110 discussion. In this framework, social media platforms function as socio-technical 

111 infrastructures through which public discussion is expressed and circulated, enabling 

112 researchers to examine discourse dynamics at scales that are difficult to achieve with traditional 

113 methods (15). As Web 2.0-based systems, they support the creation and exchange of user-

114 generated content, with some platforms incorporating georeferenced information that 

115 facilitates spatial pattern exploration (30–32). Compared with conventional data sources, social 
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116 media data offer lower acquisition costs, near–real-time availability, and larger, more diverse 

117 samples (30). Twitter (now X) is particularly well suited for public discourse research due to 

118 its rapid information diffusion, standardized short-text format, and interaction mechanisms 

119 such as retweeting and following (33). Geotagged tweets add an explicit spatial dimension to 

120 online discourse, enabling researchers to link what people say with where and when they say 

121 it. As a result, geotagged tweets have been widely applied in event detection, topic 

122 identification, perception measurement, and spatial behavior analysis at large scales (34–38). 

123 Collectively, these studies demonstrate the utility of georeferenced social media data as a 

124 scalable empirical foundation for analyzing public discourse across temporal and spatial 

125 dimensions.

126 Despite these advances, applications of social sensing to microplastics remain limited. 

127 More broadly, there remains a need for systematic approaches that can capture how public 

128 discourse evolves across time and geographic contexts using large-scale digital trace data. In 

129 this study, we implement a social sensing framework that integrates temporal analysis, 

130 sentiment classification, thematic clustering, and spatial modeling to examine patterns of 

131 public discourse. Social sensing serves as the conceptual foundation of the study, while social 

132 media data provides empirical observations used to operationalize the framework. Specifically, 

133 this study addresses the following research question: how does microplastics-related discourse 

134 evolve across time and geographic contexts? Using geotagged microplastics-related tweets 

135 posted between 2017 and 2022 as a demonstration case, the framework enables us to (1) 

136 characterize temporal fluctuations in public attention, (2) examine sentiment shifts across 

137 space and time, (3) identify dominant themes in the discourse, and (4) analyze spatial 

138 heterogeneity in public sentiment and its association with regional sociodemographic 
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139 characteristics. By integrating these components, the study advances understanding of public 

140 discourse on microplastics while demonstrating a generalizable approach for studying other 

141 emerging or controversial social, environmental, and public health issues. 

142 The remainder of this paper is organized as follows. Section 2 describes the data and 

143 preprocessing. Section 3 presents the integrated analytical approach. Section 4 reports the 

144 results and related discussions. Section 5 concludes with key findings as well as implications 

145 and limitations.

146 Data Collection and Preprocessing

147 This study used a multilingual dataset of geotagged tweets discussing microplastics 

148 collected worldwide between 2017 and 2022. The geotagged tweets were collected worldwide 

149 using the Twitter Application Programming Interface for Academic Research (API v2) (39) 

150 between 2017 and 2022 in previous work (40). From this global corpus of geotagged tweets, 

151 we filtered the dataset using a curated multilingual lexicon of microplastics-related terms as 

152 keywords (Table S1). The inclusion lexicon covered core microplastics-related terms and their 

153 common variants (e.g., microplastic(s), nano-plastic(s), meso-plastic(s), including plural and 

154 hyphenated forms), frequently referenced sources and forms (e.g., microbead(s), nurdles, 

155 plastic/resin pellets, fragments, fibers/fibres, films, and foams), and commonly used advocacy 

156 hashtags and concatenated variants (e.g., #banmicrobeads, #stopmicroplastics, 

157 #breakfreefromplastic, plasticpellets) across multiple languages. To further improve precision, 

158 contextual exclusion patterns were applied to remove systematic false positives associated with 

159 unrelated uses of terms such as “plastic” and “glitter,” including references to toys and models, 
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180 The model was trained on eight languages (Arabic, English, French, German, Hindi, Italian, 

181 Spanish, and Portuguese) and classifies tweets into negative, neutral, or positive categories. 

182 Because language tags were missing for some tweets in the dataset, we re-estimated the 

183 language of each tweet using the lingua-language-detector library (42), which provides 

184 probabilistic identification across a wide range of languages. The resulting distribution shows 

185 that English, Spanish, German, French, Italian, and Portuguese together account for over 91% 

186 of the dataset. Since these languages are among the eight languages used to fine-tune the 

187 sentiment model, the model is well aligned with the language profile of the dataset. For 

188 subsequent analysis, the three sentiment categories were further aggregated into a binary 

189 indicator distinguishing neutral tweets, which generally represent informational content, from 

190 non-neutral tweets that express an evaluative stance or emotional response in either positive or 

191 negative form.

192 To examine how microplastics are framed in online discussions, we analyzed 

193 frequently used words and hashtags and constructed a term co-occurrence network. Terms that 

194 frequently appear together were grouped using the VOS clustering algorithm implemented in 

195 VOSviewer (43). This approach identifies clusters of related terms that represent dominant 

196 discussion themes within the dataset. To track how these themes evolve over time, we calculate 

197 yearly percentages of tweets associated with each cluster from 2017 to 2022. 

198 To explore spatial heterogeneity in microplastics-related discourse, we focus on state-

199 level variation within the United States and link geotagged tweets to sociodemographic 

200 indicators from the U.S. Census Bureau. Comparable census-based sociodemographic 

201 indicators are not consistently available worldwide at a similar geographic resolution, so the 
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244 sentiment may reflect optimism about solutions or mitigation efforts, while negative sentiment 

245 might capture concern, urgency, or criticism related to environmental impacts. As a result, we 

246 focus primarily on the neutral versus non-neutral distinction, which differentiates 

247 informational tweets from those expressing an evaluative stance.

248 Globally, the share of neutral tweets declines over time, suggesting that discussions 

249 increasingly express opinions or emotional reactions rather than remaining purely descriptive 

250 (Fig 3). Although the pattern is not strictly monotonic, with a brief increase in neutrality around 

251 2020, the overall trend indicates a gradual shift toward more evaluative discourse. This 

252 variability is consistent with the event-driven dynamics of social media communication; 

253 specifically, bursts of advocacy, media coverage, or public campaigns can temporarily amplify 

254 emotional or opinionated discourse (47,48). Changes in the composition of participating users 

255 may also contribute to these fluctuations (49), as advocacy-oriented participation can reduce 

256 neutrality in some periods while informational content increases it in others.

257 Fig 3 Annual proportion of neutral microplastics-related geotagged tweets (2017–2022) globally, in the U.S., 

258 and in Europe

259 Thematic Structure of Microplastics Discourse

260 Tables Table 1 summarize the top 15 most frequent terms (e.g., microplastic, plastic, 

261 pollution, water, and ocean) and hashtags (e.g., #plasticpollution, #plasticfree, 

262 #breakfreefromplastic), providing a descriptive overview of the corpus. The prevalence of 

263 terms and hashtags related to pollution, oceans, and plastic-reduction campaigns suggest that 

264 many discussions are framed around environmental impacts and advocacy.
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346 microplastic-related tweets (Fig 7d). This pattern suggests that higher-income areas may 

347 exhibit more informational or observational engagement with microplastics discussions. This 

348 pattern may be related to differences in access to information and exposure to technical, 

349 scientific, or policy-oriented content (56), although these associations should be interpreted 

350 cautiously given the aggregate nature of the data.

351 Taken together, these findings suggest that sociodemographic characteristics are 

352 unevenly associated with patterns of neutral microplastics-related discourse across U.S. states. 

353 Associations with education, racial and ethnic composition, and income indicate that local 

354 social context may influence whether discussions appear more informational or more opinion 

355 driven. The observed spatial heterogeneity highlights the importance of considering 

356 geographic and sociodemographic context when interpreting social media signals related to 

357 environmental issues.  

358 Study Limitations and Future Research

359 Interpretation of the findings should consider some limitations related to sampling, 

360 measurement, and data availability. First, the analysis relies on geotagged tweets, which 

361 represent only a small fraction of all social media posts and are unevenly distributed across 

362 users and regions. Consequently, the spatial patterns observed here reflect geotag-enabled 

363 participation rather than population-wide public opinion (57,58). Nevertheless, compared to 

364 traditional data collection methods, geotagged tweets from social sensing provide useful 

365 signals for identifying broad spatial patterns in online discourse when analyzed across large 

366 geographic areas and multiple years. Future work could incorporate additional social media 

367 platforms or complementary data sources to improve coverage and representativeness.
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368 Second, the sentiment classifier used in this study is a general-purpose model that is 

369 not specifically trained on environmental discourse. Although transformer-based models 

370 enable scalable analysis of large datasets, some classification uncertainty may remain when 

371 applied to domain-specific topics. Future research could improve accuracy by developing 

372 domain-specific sentiment classifiers or validating results using manually labeled tweet 

373 samples.

374 Third, linking tweet content with aggregated sociodemographic indicators introduces 

375 potential ecological inference limitations, since state-level characteristics may not represent 

376 individual users. However, this contextual approach still provides insight into how local social 

377 conditions relate to patterns of online environmental discourse. Future work could explore 

378 methods for estimating user-level sociodemographic factors while maintaining privacy 

379 protections.

380 Finally, ethical considerations remain important when using publicly accessible social 

381 media data. Although tweets are publicly available, they are not necessarily created with the 

382 expectation of being used for research. To reduce privacy risks, this study focuses on 

383 aggregated patterns rather than individual accounts and avoids quoting identifiable content.

384 Future work could extend this analytical framework to other controversial environmental 

385 topics and public debates across multiple social media platforms. Integrating social media 

386 signals with complementary traditional data sources, such as surveys, interviews, news 

387 coverage, and policy timelines, would help triangulate findings and better interpret shifts in 

388 attention, theme, and sentiment over time. Further research could move beyond observed 

389 associations to examine the underlying drivers and mechanisms shaping microplastics-related 
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390 discourse, including the roles of information exposure, media environments, and 

391 communication channels. Such work would help explain regional differences in thematic 

392 emphasis and sentiment dynamics.

393 Conclusion

394 This study applies a social sensing framework to examine how microplastics are 

395 discussed in online public discourse. Using geotagged microplastics-related tweets posted 

396 between 2017 and 2022, we combined temporal analysis, sentiment classification, thematic 

397 clustering, and spatial modeling to characterize patterns of discussion across time and 

398 geographic regions. By integrating these analytical components, the study provides a large-

399 scale empirical perspective on how environmental issues are framed and communicated in 

400 social media environments. 

401 Several patterns emerge from the analysis. The geographic distribution of 

402 microplastics-related tweets is highly uneven, with discussions concentrated in Europe and the 

403 United States. Temporal trends show that online attention fluctuates over time rather than 

404 increasing steadily, suggesting that public discourse follows an issue-attention cycle 

405 influenced by events such as media coverage, scientific publications, and advocacy campaigns. 

406 Thematic analysis identifies three major themes in microplastics discussions: Advocacy, Risk 

407 and Exposure, and Scientific Communication. Advocacy-related discussions consistently 

408 represent the highest percentage of tweets, highlighting the prominence of environmental 

409 campaigns and policy-oriented messaging in social media conversations about microplastics. 

410 While these thematic categories remain relatively stable over time, the tone of discussion 

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a  Creative Commons Attribution 4.0 International
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.license EarthArXiv

http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/


411 within each theme becomes increasingly evaluative rather than purely informational. Finally, 

412 spatial analysis of data within the United States shows that the prevalence of neutral-sentiment 

413 discourse varies geographically and is associated with local sociodemographic characteristics 

414 (including education, race/ethnicity, and income), suggesting that regional social contexts 

415 influence how environmental issues are discussed on social media.

416 Together, these findings illustrate the potential of social sensing to capture the 

417 dynamics of environmental discourse on microplastics at large spatial and temporal scales. 

418 Beyond microplastics, this framework offers a generalizable strategy for studying public 

419 communication related to other emerging environmental and societal challenges using social 

420 media big data.
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